Hemiplegia is the lifelong paralysis, caused by brain stroke that effect on one side of the body. Stroke exert a great threat to patient's health and lives. Hemiplegia after stroke may severely affect patient's activities of daily life (ADL) including self-dressing that cause fatigue and frustration, which ultimately ended with "dependence on others". This situation damages the sense of dignity, especially in case of women, while dressing intimate apparel like bra independently. The research through design approach has been used as the conceptual framework to design and evaluate bra for the women suffering from Hemiplegia. The concept of research through design, typically applied to spatial and product design, provides a framework within which an item of clothing could be produced to satisfy consumers, regardless of their physical ability. Considerable needs assessment research had already been completed in the clothing/disability area using data collected from small samples of subjects with disabilities similar in nature, but no one had extended the research to intimate clothing/disability area. The dissertation topic originated from the researcher's questioning, the lack of availability of intimate clothing (bra) for women with physical disabilities, and was based on preliminary conversations with a few occupational therapists, as their patients encountered difficulty finding intimate clothing that is both functional and visually appealing. Quantitative and qualitative research processes employed multiple data collections and analysis strategies in two Phases. In first phase, detailed information was obtained about the physical limitations, clothing needs and preferences, and clothing acquisition preferences from a group of women (n=3) suffering from hemiplegia. Three prototypes were developed and wear-tested with the original group, and with a group of women (n=15) without any known physical limitations. The second phase of the study, researcher explored the feasibility of performing reliable respiratory monitoring through pressure sensors using bra band as platform.

Current working presents research work on improving bra design, adjusted to the special needs and demands of women suffering from Hemiplegia, by using bi-layer knitted fabric, magnetic fasteners and shape memory alloys. Findings of the current study showed that adaptive bra design offers independence, concealment of the disability, comfort and psychological contentment. This, adaptive bra, promotes the harmony between functionality and aesthetics. Furthermore, this work presents an application of bra capable of measuring an array of respiration indices. Projects of this nature serve to create a product that will not only provide psychological contentment but also assist in monitoring health by providing a cheaper means of untethered testing of respiration data, especially outside the diagnostic lab or hospital environment. It might also allow doctors and physicians to remotely monitor their patients. It anticipates that further analysis, some of the basic data, will extend the practical, theoretical and non-clinical utility of respiration data.

Résumé

L'hémiplégie est une paralysie chronique causée principalement par une attaque cérébrale qui affecte de façon latérale une partie du corps (partie gauche ou droite du corps). L'hémiplégie handicape fortement le patient aussi bien pour sa santé que pour sa qualité de vie, en effet, elle l'affecte dans ses activités de la vie de tous les jours tel que son habillage et déshabillage induisant des fatigues et frustrations liées à sa dépendance aux autres. Cette situation engendre un sentiment de manque dignité et plus particulièrement dans le cas des femmes car elles ne peuvent plus s'habiller toutes seules dans l'intimité. La procédure de développement produit « Recherche au travers du Design » qui est classiquement utilisée pour développement des systèmes spatiaux et le développement de produit va être utilisé comme cadre général dans le cas du développent d'un produit confectionné que va répondre aux attentes de la consommatrice quelles que soient ses capacités physiques De nombreux développement de produits confectionnés prenant en compte les attentes des personnes en situation de handicap ont déjà vu le jour, à partir d'échantillon limité de consommateur, mais aucun de ces développements ne portait sur le développement d'un vêtement intime tel que le soutien-gorge. Le but de ce travail, initié par le questionnement des chercheurs sur le manque de développement répondant à cette problématique, est issu d'un brainstorming entre des chercheurs textiles du LPMT et des ergothérapeutes du centre de réadaptation de Mulhouse et de l'hôpital Emile Muller (Mulhouse). Il se propose de développer un soutien-gorge adapté pour les personnes hémiplégiques leur permettant une habillage et déshabillage autonome. Les procédures de recherche aussi bien qualitatives que quantitatives utilisent, dans notre cas, une stratégie en 2 phases. La première phase détaille les limitations physiques les besoins et préférences en termes de vêtements issue d'une enquête auprès d'utilisateur, dans notre cas des femmes souffrant d'hémiplégie (n=3). Trois prototypes ont été développés et des tests au porter ont été réalisés grâce à un groupe d'utilisatrices (n=3) souffrant d'hémiplégie et d'un groupe test (n=15) ne souffrant pas de cette incapacité mais oeuvrant comme tel. La seconde phase c'est concentré sur l'utilisation possible de ce nouveau produit comme système de mesure de la respiration des personnes utilisant le produit. Ce travail présente les recherches menées afin d'afin d'améliorer les designs des soutien-gorge répondant aux besoins spécifiques des consommatrices souffrant d'hémiplégie (en termes d'habillage, de déshabillage et de confort au porté) en utilisant une étoffe tricotée double face, des fermetures magnétiques et des éléments en alliage à mémoire de forme. Les résultats de ce travail mettent en évidence que le soutien-gorge adapté offre du confort, de l'indépendance et du contentement psychologique aux utilisatrices. Ce soutien-gorge adapté offre une solution alliant fonctionnalités et esthétique De plus, il permet de mesurer un indice d'ampleur de respiration. Des recherches de cette nature, servent à la fois à créer des produits répondant aux attentes psychologiques du consommateur/consommatrice en particulier mais aussi à fournir aux docteurs et aux personnels soignants des jeux de données « médicales » sur les utilisateurs. Ces données pourront, dans le futur, servir au suivi à domicile des patientes portant ces types de dispositif.

iii ACKNOWLEDGEMENT Foremost, I would like to express my sincere gratitude to my supervisors, Prof. Dominique C. ADOLPHE and Prof. Laurence SCHACHER for their invaluable guidance, encouragement, motivation, immense knowledge and the advices throughout my thesis. Their understanding nature and immense knowledge had always been a great combination to discuss research problems and explore new methods. Their confidence and believe in my research skills always enhanced my motivation to solve the mysteries of this puzzling assignment.

Secondly, I want to thank Dr. Emilie DREAN for her guidance and input in my research work. I am also thankful to LPMT in particular and ENSISA, UHA in general for provided me opportunity to conduct my thesis here. I would also like to thank all the supporting staff, for their assistance during my lab work.

Then, I would like to pay my regards to Higher Education Commission of Pakistan, who supported me financially on behalf of Government of Pakistan and made my studies possible in France.

I am thankful to Mr. Abdul Sammad Gill, director Combined Fabrics Limited -Lahore, Pakistan for his support in developing fabric and I am grateful to Mme. Aude COMPAN (Occupational therapist) in Mulhouse Hospital, for her contribution throughout my studies.

I would also like to appreciate the help and moral support of my colleagues and friends. They are always there for me whenever I found myself in difficult situation.

There are no enough words that can acknowledge the efforts of my parents for making me what I am. I want to pay my sincere thanks and regards to my parents for always inspiring me. Their love, encouragement, support and prays always help me to achieve something in life. I am really thankful to them for everything that they did for me from my first breath till now. I want to thank my brothers and sisters for their support throughout life. A very deep gratitude for my parents in law for being so much encouraging for my PhD and career.

Finally, the most important gratitude is for my family who always wanted me to smile even in stressful time during work. Thanks to my spouse for not only believing in me but also putting his best efforts to solve my problems. His understanding nature always helps me to cope with my stresses. Very sincere thanks for his support and struggle for helping me to establish a work-family-balance. Thanks, full of love, for my Kids, My son and daughter, who understand my problems, never complaint and always tried to make me happy. 

LIST OF FIGURES

xi

LIST OF TABLES

Introduction Introduction

Clothing product development process is a lengthy one, involving many steps, from initial understanding (specific needs and demands) to the final acquisition of the product by that consumer. During product development lifecycle of bra, numerous decisions are made (e.g., how the product will look, what special features it will possess in order to satisfy specific consumer needs, how it could serve as a platform for monitoring of heath). This study proposed to examine how the needs and preferences of a specific type of consumer could be translated into a satisfactory product. Furthermore, how textile properties together with currently available technologies enable to satisfy user needs of ergonomic comfort as well as to achieve user requirements of a wearable monitoring system. The product we propose to develop is bra for women suffering from hemiplegia with an addition of monitoring function.

As a result, women suffering from hemiplegia can achieve independence in wearing intimate apparel (bra) independently as well as can monitor their own health status in normal daily activities, which ultimately enhance their quality of life. This introductory chapter provides a general background for the focused population for the study, together with an outline of purpose and objectives. Also included are the assumptions, limitations, delimitations and operational definitions that provide clarity to the text.

Background

Hemiplegia is a complete paralysis on one entire vertical half of the body, which is a common effect of brain stroke. Brain stroke is counted as the 3 rd most common cause of reduced disability-adjusted life years. Evidences indicated that the gender differences in stroke risk factors are marginal however; its impact has been shown to be stronger in women. The most common obstacle for women suffering from hemiplegia is to carry out their activities of daily life smoothly due to problem of joint pain and decreased mobility. This immobility as well as the painful movement of joints effects the clothing needs of women suffering from hemiplegia.

Clothing is required for three reasons: protection, comfort, and dignity. People who are affected with a physical disability might be 'differently-abled', but they need clothing for the same three reasons. In spite of these needs, a review of the literature and personal experiences of the researcher have shown that, for many reasons, a person with a physical disability often finds the acquisition of suitable, ready-to-wear clothing to be problematic and in some cases impossible specially in case of intimate clothing (bra). The purpose of this study was to explore the possibilities of making suitable and smart intimate clothing (bra) for women suffering from hemiplegia. The objectives were to obtain information about clothing needs and preferences from a group of women suffering from hemiplegia, use this information to test "research through design" method of clothing product development, evaluate the women's satisfaction with a prototype and suggest further research strategies for product development. Furthermore, bra has a lot of surface area in steady contact with the thorax over a range of promising skin sites therefore; it could provide a great potential place to stash wearable health technology. Therefore, bra-like system for women suffering from hemiplegia could be very promising and enable the positioning of many sensors and sensor types in firm contact with the skin. This system could provide monitoring of a wide range of electrical [electrocardiogram (ECG), electromyogram (EMG)] and mechanical (respiration rate, motor activity) physiological signals over extended periods of time. Respiratory rate is a vital sign used to monitor the progression of illness. An abnormal respiratory rate is an important marker of serious illness especially for patients suffering from hemiplegia. Therefore, in this work, strain sensor has embedded in a bra to measure respiration rate.

Purpose of the Study

This study directly addresses a specialized product development problem as faced by a specific group of individuals or target consumers. These consumers are women suffering from hemiplegia. This study in specialized product development examines the challenges of developing a clothing product (bra), which will satisfy patient's specific needs. Furthermore, it will explore the opportunities, how this product could serve as platform for health monitoring systems. During the study, the systemic changes are addressed, including specific intimate clothing needs and development of product that addresses symbolic and functional levels. Within the framework of assessing user needs and applying systemic change, the concept of "research through design" is explored to determine if this might be a suitable product development method for obtaining optimum satisfaction of consumers. Furthermore, to investigate the feasibility of performing reliable respiratory monitoring from pressure sensors using bra as platform. This resulting framework for specialized product development is intended to serve as a model, which could extend to a broader range of future specialized products.

The specific objectives are as follows:

1. Gather detailed information from women suffering from hemiplegia, about specific physical limitations, which influence intimate clothing needs and preferences (clothing choice, functional and symbolic needs).

2. Design an intimate clothing product (bra) using data gathered in interviews with women to produce a prototype (functional and symbolic needs).

3. Assess the success of the product with the women using wear-testing and survey evaluation (functional and symbolic needs).

4. Explore the feasibility of performing reliable respiratory monitoring from pressure sensors using bra as platform

Assumptions, Delimitations and Limitations

Assumptions

The researcher assumes that:

1. All participants in the study are capable of determining suitability of product, are capable of communicating their needs and preferences to a third party, and can evaluate a finished product either by oral or written communication.

2. Bra-like system for women could be very promising and enable the positioning of many sensors and sensor types in firm contact with the skin in order to mechanical (respirogram, motor activity) and physiological signals over extended periods of time.

Delimitations

1. Physical disability in this study is only described with respect to mobility and its impact on intimate clothing product development. Full clinical descriptions of types of disabilities are beyond the scope of this study.

2. The group of women acting as subjects in this study is representative of only the physical disability (hemiplegia) with which each woman is personally affected.

Limitations

1. This study does not attempt to exhaustively explore the product development problems of clothing for all individuals with physical disabilities.

2. Due to the small, purposive sample of Users in this study, the results are only applicable to this sample or to others with similar characteristics and are not generalizable to any larger group of individuals with physical disabilities.

Chapter 1
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Chapter Summary in English

This chapter consists of four sub-chapters. The first sub-chapter is devoted to an analysis of stroke, its causes and effects on the patient. Hemiplegia is a complete paralysis on one entire vertical half of the body, which is a common effect of brain stroke. Brain stroke is counted as the 3 rd most common cause of reduced disability-adjusted life years. Previous studies reveales that a stroke occurs after every 4 minutes only in France, i.e. around 130,000 per year.

Although the evidences indicated that the gender differences in stroke risk factors are marginal however its impact has been shown to be stronger in women, since women accounts for more than 60 percent of total stroke deaths.

Stroke survivors often experience medical complications and long-term disability. Disturbances in respiratory system function and complications affecting the respiratory system are common after stroke. Hemiplegia restricts the chest wall, which has thought to be due to increased muscle tone and spasticity of the chest wall muscles on the affected side.

Furthurmore, the most commonest obstacle for women suffering from hemiplegia is to carry out their activities of daily living smoothly due to problem of joint pain and decreased mobility. Swelling, stiffness and tenderness in joints are some of side effects that inhibit mobility. This is the major cause of pain and also it restricts the mobility to move fingers or hold anything with them. It limits the movement and bending of weight bearing joints. The immobility as well as the painful movement of joints effects the clothing needs of women suffering from hemiplegia.

The second sub-chapter reviews existing research on clothing adapted for people with physical disabilities under these different functional aspects: physical aspect, psychological and social aspects. The physical aspect is linked to the type of fabric and its properties (durability, comfort to the touch, allergic reaction, absorption, launder ability, wrinkle resistance and soil or stain resistance). The psychological aspect is more in relationship with the construction of the garment (ease of wearing, donning and doffing clothes, its access and flexibility of fastening), to its design which brings a feeling of success and an improvement of its self-image and improving the independence of others. The social aspect revolves around four theories of why people wear clothes: for modesty to conceal parts of the body, for immodesty or sexual attraction, for protection and for adornment.

Research about clothing for people with disabilities has been an area of interest for decades among clothing scholars but a very limited amount of information exists about undergarments and women with disabilities. Backward stretching of arms is a normal action for women in fixing/fastening a bra. This usual action serously consequence for the women suffering from hemiplegia. One of major function of bra is to keep breasts in good shape. It reduces breast ptosis (sag) by lifting the breast. Women look more attractive by wearing bra underneath cloths. Bra-related literature has typically centered on younger women and rarely considers the role of the bra among older women and no literature found on bra preferences by the women suffering from hemiplegia. The impact of hemiplegia on a woman body with respect to intimate apparel especially bra preferences remains poorly understood.

The third sub-chapter traces the history of the Brassiere from the 1863's to the present day.

Bra became complex and modern underwear from the 1930s. The diversity of style affecting the breast, the material providing quality comfort, a sizing system allowing morphological following of the breast, makes the bra the most technical underwear, the most adjusted to the body and the more complex in the clothing sector. Clothing, for maintaining direct contact or very close to the skin, should design according to the physical, physiological and morphological characteristics of the user. Regarding the intimate apparel, aspects of comfort are sensorial, thermal, motion, aesthetical and hygienic. In this research, work has done on the evaluation of three of these aspects (motion, sensorial and thermal). The motion aspect has related to donning and doffing comfort with respect to special needs of hemiplegic females.

Sensorial aspect corresponds to the tactile sensation (e.g. smooth or rough, cold or warm, soft or hard, tight or loose), to avoiding skin irritation, and allowing comfortable pressure.

Thermal aspect related to hygroscopicity of underwear fabric, heat transmission, and moisture management material of fibrous structure for intimate apparel.

Therefore, in the fourth sub part, the materials and methods used to integrate these materials into adaptive bra has discussed. Recent literature has explored that magnetic fasteners are advantageous because they are easy to use and provide adequate fastening. Moreover responsive properties of fibers aiming to improve functionality of bra. Both cellulose and protein natural fibers have dynamic moisture absorption properties. Furthermore, synthetic fibers have quick drying abilities. The structure of fabric itself could be designed to improve the functional properties of the adaptive bra by using a combination of both natural and synthetic fibers together as an overall goal.

Innovative technologies and new manufacturing methods have allowed researchers to develop new classes of responsive, shape changing and smart materials. Moreover, garment embedded with these smart materials offer new possibilities for enhancing functionality of garments especially in case of adaptive clothing.

Chapter Summary in French

Ce chapitre se compose de quatre sous-chapitres. Le premier sous-chapitre est consacré à une analyse de l'accident vasculaire cérébral, de ses causes et de ses effets sur le patient. Le deuxième sous-chapitre passe en revue les recherches existantes sur les vêtements adaptés aux personnes handicapées physiques sous ces différents aspects fonctionnels : aspect physique, aspects psychologiques et sociaux. L'aspect physique est lié au type de tissu et à ses propriétés (durabilité, confort au toucher, réaction allergique, absorption, capacité de lavage, résistance aux plis et à la saleté ou aux taches). L'aspect psychologique est davantage lié à la construction du vêtement (facilité de porter, d'enfiler et de retirer les vêtements, son accès et sa souplesse de fermeture), à sa conception qui apporte un sentiment de réussite et une amélioration de l'image de soi et de l'indépendance des autres. L'aspect social s'articule autour de quatre théories sur les raisons pour lesquelles les gens portent des vêtements : la modestie pour dissimuler des parties du corps, l'immodestie ou l'attirance sexuelle, la protection et la parure.

La recherche sur les vêtements pour personnes handicapées est un domaine d'intérêt depuis des décennies pour les spécialistes de l'habillement, mais il existe très peu d'informations sur les sous-vêtements et les femmes handicapées. L'étirement des bras vers l'arrière est une action normale pour les femmes qui fixent ou attachent un soutien-gorge. Cette action habituelle a de graves conséquences pour les femmes souffrant d'hémiplégie. L'une des principales fonctions du soutien-gorge est de maintenir les seins en bonne forme. Il réduit la ptose mammaire (affaissement) en soulevant la poitrine. Les femmes sont plus séduisantes en portant un soutien-gorge sous les vêtements. La littérature relative aux soutien-gorge s'est généralement concentrée sur les jeunes femmes et ne s'intéresse que rarement au rôle du soutien-gorge chez les femmes plus âgées, et aucune littérature n'a été trouvée sur les préférences des femmes souffrant d'hémiplégie en matière de soutien-gorge. L'impact de l'hémiplégie sur le corps d'une femme en ce qui concerne les vêtements intimes, en particulier les préférences en matière de soutien-gorge, reste mal compris.

Le troisième sous-chapitre retrace l'histoire du soutien-gorge depuis 1863 jusqu'à nos jours.

Le soutien-gorge est devenu un sous-vêtement complexe et moderne à partir des années 1930.

La diversité des styles affectant la poitrine, le matériau offrant un confort de qualité, un système de taille permettant de suivre la morphologie de la poitrine, font du soutien-gorge le sous-vêtement le plus technique, le plus adapté au corps et le plus complexe dans le secteur de l'habillement. Les vêtements, destinés à maintenir un contact direct ou très proche de la peau, doivent être conçus en fonction des caractéristiques physiques, physiologiques et morphologiques de l'utilisateur. En ce qui concerne les vêtements intimes, les aspects de confort sont d'ordre sensoriel, thermique, de mouvement, esthétique et hygiénique. Dans le cadre de cette recherche, des travaux ont été réalisés sur l'évaluation de trois de ces aspects (mouvement, sensoriel et thermique). L'aspect du mouvement est lié à l'enfilage et au retrait du confort en fonction des besoins spécifiques des femmes hémiplégiques. L'aspect sensoriel correspond à la sensation tactile (par exemple, lisse ou rugueuse, froide ou chaude, douce ou dure, serrée ou lâche), à éviter l'irritation de la peau et à permettre une pression confortable. 

Chapter 1-A

Stroke

Impact of Stroke on Women

Stroke is counted as the 3 rd most common cause of reduced disability-adjusted life years [1].

Previous studies reveales that a stroke occurs every 4 minutes only in France, i.e. around 130,000 per year [2]. Stroke is increasingly recognized as a major public health problem for women, representing the third leading cause of death and a leading cause of disability among them [3]. Women account for more than 60 percent of all stroke deaths and men have 16% more chance for home discharge than women [3]. The fact that women tend to live about 10 years longer than men makes the burden of stroke increasingly higher and heavier in them than in men [4]. The relatively high prevalence of some modifiable risk factors among females could have contributed to this observation.

Although evidence indicates that gender differences in stroke risk factors are marginal, the impact of stroke has been shown to be stronger in women [4]. It has also been noted that women tend to fare worse than men do after stroke as more women are dependent on others for self-care activities than men are. The fact that stroke occurs later in life among women than men put them at a greater risk of functional disability and institutionalization [4]. Thus, the female gender seemed to increase the risk of disability and handicap after stroke.

Stroke

Apoplexy is the old name for Stroke, derived from the ancient Greek language meaning 'struck down violently' [5]. This describes the sudden onset, which is characteristic of stroke. It has a devastating effect on a person; indeed, there is no time for adjustment to the loss of movement on one side of the body. The history of stroke can be tracked back since 2700 years ago, when Hippocrates, referred to as "the father of western medicine" [START_REF] Grammaticos | Useful known and unknown views of the father of modern medicine, Hippocrates and his teacher Democritus[END_REF], was the earliest to describe the sudden paralysis, which can be associated to stroke, more precisely ischemia stroke [START_REF] Ashrafian | Familial stroke 2700 years ago[END_REF].

Stroke is a descriptive term for a clinical syndrome of vascular origin that affects cerebral function. The World Health Organization (WHO) defines stroke as 'rapidly developed clinical signs of focal (or global) disturbance of cerebral function, lasting more than 24 hours or leading to death, with no apparent cause other than of vascular origin' [START_REF] Arboix | Current perspectives on cardioembolic ischemic stroke in very old patients[END_REF]. Another definition commonly referred to as, 'A cerebrovascular accident (CVA or stroke) is a sudden attack of weakness, affecting one side of the body, resulting from an interruption to the blood flow of one side of the brain (by thrombosis, embolus, or ruptured aneurysm). A stroke can vary in severity from a weakness in a limb with some perceptual problems to a profound paralysis and considerable impairment' [START_REF] Thompson | A system for rapidly converting quadriceps contraction to a digital signal for use in microcomputer-oriented muscle therapy and stroke patient assessment schedules[END_REF]. It is the third most frequent cause of death Western countries and 150-250 people in every 100,000 expected to have a stroke [START_REF] Arboix | Current perspectives on cardioembolic ischemic stroke in very old patients[END_REF].

Causes of Stroke

As described briefly in the previous topic, we can conclude that there are two main types of stroke, which is ischemic stroke and hemorrhagic stroke.

An ischemic stroke as shown in figure .1.1 caused by blood clot formed in an artery or blood vessel in human brain, which considers as most common type of stroke [START_REF] Varbo | Nonfasting triglycerides, cholesterol, and ischemic stroke in the general population[END_REF]. Parts of the brain will suffer a change in the blood flows due to the blood clot. Because of this, infect (tissue death) due to lacking of oxygen can occur to those locations of the brain, which are not delivering with blood. In detail, the occurrence of ischemic stroke could determine by two different ways. The first is due to thrombotic stroke, which is the result of blood fat, cholesterol, or calcium, which blocked the blood vessel resulting to narrow the pathway of blood vessels. It causes clumsiness and weakness, which serve as early warning sign of major stroke. The second way is through embolic stroke, which can occur when blood clot formed not in the brain, but at the other part in the body and travels in the body to the brain. This will give an immediate physical and neurological effect due to the restriction of the flow of blood to the cerebral artery in the brain.

Figure 1.1: Types of stroke

Hemorrhagic stroke is the second type, which is not a commonly occurred stroke. This type of stroke occurs when a burst of artery in the brain causing blood to spread on the brain tissue which not only lead to infarction (loss of blood supply) but also intoxicated the affected brain tissue [START_REF] Bonita | Prevalence of Stroke and Stroke-Related Disability[END_REF]. There are also two types of hemorrhagic stroke. The first type is a subarachnoid hemorrhage, when a blood vessel on the surface of the brain bursts. This may result with blood leaking into the area between the brain and the skull (subarachnoid space). The second type is an intra-cerebral hemorrhage, which is due to the bleeding of the brain tissue, which usually causes by high blood pressure.

Aside from ischemic stroke and hemorrhagic stroke, stroke also be caused by aneurysm.

Aneurysm occurs on the wall of a blood vessel in the form of a balloon-like swelling, which is filled with blood [START_REF] Suarez | Treatment of ruptured cerebral aneurysms and vasospasm after subarachnoid hemorrhage[END_REF] as shown in figure 1.2. The force generated by heart's blood pumping activity can affected a weak spot on a blood vessel, where over a period, a balloon shape or swelling could formed on this weak spot. At the end, the wall could have ruptured due to its weak condition as shown in figure 1 

Effects of Stroke

Stroke is, well known to cause several forms of disability, may be minor or even long-term disabilities and even death. Stroke affects not only elderly as 31% of all strokes are in people below age 64 [1]. Usual consequences of a stroke really depends on the site of the lesion, but one among the most prevelant is hemiplegia [START_REF] Patten | Weakness and strength training in persons with poststroke hemiplegia-Rationale, method, and efficacy[END_REF] and a subsequent loss of muscular strength [START_REF] Bohannon | Muscle strength and muscle training after stroke[END_REF]. Hemiplegia is the most remarkable effect of stroke, which causes patients to have different degrees of disability in carrying out daily activities.

Hemiplegia

Hemiplegia is a complete paralysis on one side of the body, which is a common effect of stroke [START_REF] Patten | Weakness and strength training in persons with poststroke hemiplegia-Rationale, method, and efficacy[END_REF]. In other words, when stroke occurs, hemiplegia will affect the opposite side of body. Post-stroke the patient may present with various impairments. The right hemisphere is dominant for visuospatial orientation, constructional praxis and judgement in over 90% of the population, thus post-stroke visual-spatial perceptual disorders include left-sided neglect disorientation, constructional apraxia and asterognosis [START_REF] Takeuchi | Rehabilitation with poststroke motor recovery: a review with a focus on neural plasticity[END_REF].

Unilateral neglect syndrome forms part of visual spatial perceptual disorders and that is more common on the left side than on the right side. Possible reasons for this is that the right hemisphere regulates attention more than the left hemisphere, while the left hemisphere is responsible for modulating attention and arousal for the right visual field only; therefore, the right hemisphere is more able to compensate post-stroke for left hemisphere impairment.

Although patients with right hemispheric lesions might not have communication difficulties, they may tend to have a lack of insight into their own deficits and often are impulsive and emotionally labelled. These patients also may experience difficulty telling or understanding jokes as well as having more complex discussions which result in social dysfunction [START_REF] Ratnasabapathy | Shoulder pain in people with a stroke-a population-based study[END_REF][START_REF] Kwasnica | Unilateral Neglect Syndrome After Stroke: Theories and Management Issues[END_REF].

The side effects of hemiplegia are shown in figure 1.4.

Figure 1.4: Side effects of right and left side hemiplegia

As the left hemisphere is responsible for learning and using language symbols, affliction in post-stroke patients may result in aphasia and apraxia [START_REF] Brewer | Stroke rehabilitation: recent advances and future therapies[END_REF][START_REF] Poslawsky | A systematic review of nursing rehabilitation of stroke patients with aphasia[END_REF]. Aphasia is a language disorder and expressive (Broca's) aphasia has most commonly seen among post-stroke patients.

Apraxia is a disorder of voluntary movement, resulting in post-stroke patients being unable to perform activities required despite optimal movement, muscle strength, sensation, coordination and comprehension [START_REF] Brewer | Stroke rehabilitation: recent advances and future therapies[END_REF][START_REF] Poslawsky | A systematic review of nursing rehabilitation of stroke patients with aphasia[END_REF].

Complications not specific to the left or right hemisphere also include cognitive impairments [START_REF] De Weerd | The interferons and their receptors--distribution and regulation[END_REF]. Other post-stroke complaints may be regarding consciousness (attention and/or alertness), fatigue, lack of motivation and mood (depression) and/or personality [START_REF] Takeuchi | Rehabilitation with poststroke motor recovery: a review with a focus on neural plasticity[END_REF][START_REF] Morris | Predicting health related quality of life 6 months after stroke: the role of anxiety and upper limb dysfunction[END_REF].

Post-stroke patients often are unable to communicate their feelings due to aphasia. Function and depression interact with each other where a decrease in function may lead to depression and depression may lead to a decrease in function [START_REF] Morris | Predicting health related quality of life 6 months after stroke: the role of anxiety and upper limb dysfunction[END_REF]. Patients may experience a change in how they perceive themselves post-stroke (self-image), which is also associated with depression and may lead to social withdrawal [START_REF] Morris | Predicting health related quality of life 6 months after stroke: the role of anxiety and upper limb dysfunction[END_REF].

Motor impairments post-stroke patients experience may be reduced muscle strength and/or tone, increased tone, change in sensation and/or proprioception, decreased coordination, reduced joint stability and/or mobility, balance impairment and impaired gait [START_REF] Takeuchi | Rehabilitation with poststroke motor recovery: a review with a focus on neural plasticity[END_REF]. These symptoms and associated problems may change and/or fluctuate during the acute and chronic stages, and are dependent on the rehabilitation, care and the severity of the stroke. Symptoms may also affect patients' functional ability negatively and consequently their quality of life [START_REF] De Weerd | The interferons and their receptors--distribution and regulation[END_REF][START_REF] Morris | Predicting health related quality of life 6 months after stroke: the role of anxiety and upper limb dysfunction[END_REF].

Effect of Hemiplegia on Respiratory mechanics and Breathing pattern

Stroke survivors often experience medical complications and long-term disability. Disturbances in respiratory system function and complications affecting the respiratory system are also common after stroke. Hemiplegia restricts the chest wall, which has thought to be due to increased muscle tone and spasticity of the chest wall muscles on the affected side [START_REF] Voyvoda | An evaluation of diaphragmatic movements in hemiplegic patients[END_REF]. This can lead to decreased lung volume with restrictive physiology on pulmonary function testing, reduced chest wall compliance, and poor motor control of inspiration and expiration [START_REF] De Almeida | Effects of hemiplegy on pulmonary function and diaphragmatic dome displacement[END_REF].

Abnormal breathing patterns have been described in 18 to 88% of patients with stroke and are more common among patients with more severe neurological impairment and depressed consciousness [START_REF] Mohsenin | Respiratory Complications of Stroke. Seminars in respiratory and critical care medicine[END_REF]. The precise incidence is difficult to assess because it varies depending on wakefulness, and because many persons with stroke have concomitant cardiopulmonary abnormalities that can also cause respiratory pattern disturbances. Moreover, mixed patterns of abnormal breathing occur commonly.

Stroke-induced disorders of breathing pattern are typically intermittent and tend to occur more frequently during sleep, perhaps in part because potentially compensatory voluntary control mechanisms are absent during sleep [START_REF] Bokaeian | Respiratory disorders associated with stroke and the role of physiotherapy in the treatment of these disorders[END_REF].

Long-term respiratory monitoring could provide valuable information for diagnostic and clinical treatment in case of females suffering from hemiplegia. The long-term monitoring of respiration signals requires new types of sensing systems that are wearable and allow user mobility. Breathing made possible by the work of the respiratory muscles, with the diaphragm and external intercostal muscles playing a major role during inspiration. The diaphragm contracts itself and moves downward producing a pressure difference causing air to enter the lungs. The contraction of the intercostal muscles causes the ribs to elevate which results in the expansion of the chest cavity allowing a greater volume of air to enter. This amount of air within the lungs causes an expansion of the chest wall diameter up to 7 cm [START_REF] Adesoji Adedoyin | Reference Values for Chest Expansion among Adult Residents in Ile-Ife[END_REF]. As bra is a body fitted garment therefore due to change in chest wall diameter, pressure on bra band will change, which could have measured by embedding a strain sensor in bra band. Based on this respiration rate can be measured easily, detailed discussion regarding this aspect will be in the last chapter.

Effect of Hemiplegia on ADL

Stroke has exerted a great threat to patients' health and lives, and hemiplegia after stroke may severely affect their activities of daily life (ADL), making them suffer a lot and increasing burdens to both their families and society. Generally, hemiplegic patients have changes in their body composition due to paralysis [START_REF] Lazoura | Skeletal and body composition changes in hemiplegic patients[END_REF][START_REF] Ryan | Sarcopenia and Physical Function in Middle-Aged and Older Stroke Survivors[END_REF].

It frequently involves the contralateral motor cortex or pyramidal tract. Consequently, there are postural, muscle tonus and motor control abnormalities that compromise voluntary motor actions and trunk muscle synergy [START_REF] Jorgensen | Changes in Muscle Mass, Fat Mass, and Bone Mineral Content in the Legs After Stroke-A 1 Year Prospective Study[END_REF][START_REF] Pietraszkiewicz | Skeletal and functional status in patients with long-standing stroke[END_REF]. These changes lead to deficits in the body function of hemiplegic patients [START_REF] Patterson | Determinants of walking function after stroke: differences by deficit severity[END_REF] as shown in figure1.5. The loss of body function ultimately interferes with the activities of daily living (ADL).

Figure 1.5: Loss of body functions for persons suffering from hemiplegia

ADL is used in rehabilitation as an umbrella term relating to self-care, and it is composed of tasks that patients perform on a daily basis, such as eating, bathing, dressing, toileting, ambulation, etc. The abilities surrounding ADL are directly related to the patient's ability to lead an independent life. The restoration of daily life is an important goal of treating stroke patients [START_REF] Ajayi | Profile and correlates of functional status in elderly patients presenting at a primary care clinic in Nigeria[END_REF][START_REF] Quinn | Barthel index for stroke trials: development, properties, and application[END_REF].

Factors that limit Dressing Independence

There are defining factors that influence success for stroke survivors relearning how to dress.

Walker and Lincoln [START_REF] Walker | Factors influencing dressing performance after stroke[END_REF] suggest that the degree of hemiparesis (or paralysis on one side), especially related to the person's dominant hand, is an important factor. Their research also indicates that dressing difficulties with garments worn on the lower body related to physical impairment and those related to the upper body have governed by cognitive impairment. To better understand which dressing-related maneuvers were most problematic, Walker and Lincoln documented the problem areas encountered by 60 stroke patients (37 men and 23 women between the ages of 21-79) as they were relearning how to dress themselves [START_REF] Walker | Factors influencing dressing performance after stroke[END_REF].

Fasteners has noted as being particularly problematic. Documentation of the range of products within these fastener categories must be determined as they may directly influence functional abilities. The females suffering from hemiplegia have weak muscles, limited and complex motor movement, which affect the dressing. Another body motion limitation included reaching the arms behind the body. This, of course, the biggest consequence for women, since fastening a bra typically required stretching towards their back.

Conclusion

Bras support the breasts and not wearing one invites social conundrums such as breast movement and nipples that rub against the fabric and show through the garment. These factors all influence a woman's physical and psychological comfort. Regaining independence in dressing is of critical importance to people as they recover from stroke. Fletcher-Smith investigated patients' opinions regarding the importance of independent dressing ability [START_REF] Fletcher-Smith | The Influence of Hand Use on Dressing Outcome in Cognitively Impaired Stroke Survivors[END_REF].

As part of the DRESS project, participants (n=46) completed an interview survey upon completion of the study, and most people felt that the ability to dress without help was very important (74%) or important (22%). This taken-for-granted activity was viewed as integral "to restoring and maintaining their independence, self-esteem and dignity" [START_REF] Fletcher-Smith | The Influence of Hand Use on Dressing Outcome in Cognitively Impaired Stroke Survivors[END_REF]. Given the importance of independent dressing to diverse groups of people, it is essential to review how adaptive clothing might propel an improved match between people's functional abilities and their clothing. In next part, focus will be upon the importance of adaptive clothing for hemiplegic women. 

Adaptive Clothing

The term "adaptive clothing" refers to "garments designed with medical function in mind for post-surgery patients, the disabled, elderly, rehabilitation patients, special needs children and adults, people with arthritis, stroke victims, etc." [START_REF] Suri | Clothing Needs Assessment for Wheelchair Users[END_REF]. The purpose of adaptive clothing is to have easy access to body parts without taking off the entire garment and making it easier for the people with disability to don and doff by themselves. It should promote independence in dressing by oneself and doing personal care as well as provide ease in the dressing process for the caregiver [START_REF] Kabel | Clothing-related barriers experienced by people with mobility disabilities and impairments[END_REF].

When ready-made clothing took over the apparel market in the early 1900s, many consumers faced challenges in finding suitable clothing, and it is no surprise that individual with physical disabilities, met frustrations with trying to fit into the conventional sizing system [START_REF] Thorén | Systems approach to clothing for disabled users. Why is it difficult for disabled users to find suitable clothing[END_REF]. Many had to find ways to alter clothing for themselves or their children, but the burden to learn a trade or allocate financial resources to the alteration of ready-made clothing is not necessarily an interest nor feasible for all families or individuals [START_REF] Thorén | Systems approach to clothing for disabled users. Why is it difficult for disabled users to find suitable clothing[END_REF], especially in modern times.

Hoffman discussed the importance of making functional clothing more important for people with disability to highlight desirable features and minimize limitations. Some of the styles of adaptive clothing have been designing for medical purposes. For instance, zippers and Velcro TM placed in particular areas to provide easy access for donning and doffing. Well-designed adaptive clothing can contribute in retaining the dignity and self-image of an individual with a disability. It can also boost the confidence of a person by having the flexibility of quicker and easy dressing [START_REF] Hoffman | Clothing for the handicapped, the aged, and other people with special needs[END_REF].

In the 1950s, as occupational and physical therapists analyzed the functional aspects of dress, a movement was started that considered the unique clothing needs for people with disabilities [START_REF] Macdonald | Apparel acquisition for consumers with disabilities purchasing practices and barriers to shopping[END_REF]. Though adaptive designs were generated in those early years, they were not widely adopted in the United Sates due to the social, political, and economic climate [START_REF] Macdonald | Apparel acquisition for consumers with disabilities purchasing practices and barriers to shopping[END_REF].

That climate would eventually change with important legislation such as the Americans with Disability Act (ADA) of 1990. But despite increased numbers people with disabilities (PWDs) in the workplace post-ADA implementation, the delay and loss of momentum experienced in the apparel industry during the mid to late 1900s has resulted in little progress in the apparel field, and that is still observable in present day [START_REF] Chang | Design and Study of Clothing Structure for People with Limb Disabilities[END_REF].

The research of Thoren explored the systems approach to clothing for PWDs [START_REF] Thorén | Systems approach to clothing for disabled users. Why is it difficult for disabled users to find suitable clothing[END_REF]. The findings provide quality insight into current challenges (in terms of barriers of store layout, fitting rooms and apparel options), and aptly highlight the functional and symbolic value of clothing. However, the research disappointingly segregated participants into bins of "severely disabled," "disabled," and "able-bodied" [START_REF] Thorén | Systems approach to clothing for disabled users. Why is it difficult for disabled users to find suitable clothing[END_REF]. This narrow consideration for the spectrum of function and health exemplifies the limitation of using a medical model, contradicts contemporary thinking of disability, and fails to respect the dynamic interaction of clothing beyond the physical (structure and function) attributes of disability.

Carroll examined the particular apparel needs of working women with diverse physical impairments, and was much more inclusive in assessing disability, taking into consideration specific abilities and limitations of movements, hand and finger dexterity, and range of motion [START_REF] Carroll | An examination of clothing issues and physical limitations in the product development process[END_REF]. One major finding of this study was the reported overall dissatisfaction with available products. The main area and common usage problems included "doing and doffing, fastening, freedom of movement, fabric, aesthetics, comfort, construction and irritating features. The findings provide quality insight into current challenges (in terms of barriers of store layout, fitting rooms and apparel options), and aptly highlight the functional and symbolic value of clothing" [START_REF] Carroll | An examination of clothing issues and physical limitations in the product development process[END_REF].

One use of adaptive attire is for populations of people needing permanent or semi-permanent medical devices such as jejunostomies (more colloquially known as a "feeding tube"), tracheostomies or implanted ports for dialysis or chemotherapy [START_REF] Carroll | An examination of clothing issues and physical limitations in the product development process[END_REF]. Adaptive clothing designed to accommodate these essential pieces of equipment facilitate the positive and rich attributes clothing can afford in physical and emotional ways [START_REF] Çivitci | An ergonomic garment design for elderly Turkish men[END_REF].

In Design and Study of Clothing Structure for People with Limb Disabilities [START_REF] Chang | Design and Study of Clothing Structure for People with Limb Disabilities[END_REF] the researchers had merged the knowledge of human engineering (ergonomics), textile materials and apparel technology in the garment [START_REF] Chang | Design and Study of Clothing Structure for People with Limb Disabilities[END_REF]. Specifically, they designed the clothes to deemphasize the visual evidence of a person's disability and to strengthen function and convenience to meet the needs of body activities. Clothing have intended to promote the positive relationship between function and beauty, transforming "inconvenient,"

"concealment" level to the "convenient," "beautiful" and "functional." As a result, the aim was to enhance the quality of life of people with limb disabilities. It will help to build confidence and allow them to be part of the society. Their findings served to set standards regarding style and structural design for people with physical disabilities:

1. Putting clothing on and taking them off independently and conveniently 2. Clothing variation in body features while presenting no distinction from others 3. Providing a physical and psychological sense of comfort and stability Design Features for Adaptive Clothing

Lastly, fields such as applied ergonomics and anthropometry focus their attention on the mathematical and translational ways in which garments and attire can be constructed to ease challenges typically faced by aging or impairment [START_REF] Ewanowak | The role of anthropometry in design of work and life environments of the disabled population[END_REF]. For example, computer programmers are using three-dimensional (3D) imaging to measure and predict garment fit on different body shapes, and this technology can be used with apparel design for people with disabilities [START_REF] Thorén | Systems approach to clothing for disabled users. Why is it difficult for disabled users to find suitable clothing[END_REF]. Furthermore, the application of anthropometry and ergonomics merge to inform garment construction with disability in mind, looking specifically at apparel aspects of Maximum Transverse Reach (MTR) and Maximum Sagittal Reach (MSR) [START_REF] Ewanowak | The role of anthropometry in design of work and life environments of the disabled population[END_REF]. However, these fields contribute to devising adaptive apparel, but much more has needed in this realm of research especially adaptive intimate apparel, as little to no attention has given on the topic of adaptive intimate apparel.

Factors affecting Functional Clothing

The design of these kinds of functional textiles and clothes goes beyond the well-known conventional boundaries while intertwining with other domains, such as medicine, biotechnology, nanotechnology, physics, computing, so as to meet the complex and multifaceted requirements of the users, the disabled people [START_REF] Gupta | Functional clothing -Definition and classification[END_REF][START_REF] Gupta | Designing of functional clothing[END_REF]. There are several essentials that functional clothing has to have. Schematic representation of the factors affecting functional clothing is as follow (Fig. 1.6) Physical, Socio-psychological and social aspects etc, 

Physical Aspect

Physical needs may verified in terms of how textile and design considerations contribute to the general comfort and function of the garment. The priority of each consideration is dependence upon the severity or the degree of immobilization that the disability creates. Some of the textile considerations for clothing for the handicapped are as follows: "Durability" or strength of the fabric used in clothing for the disabled is dependent upon whether the fabric is woven or knitted [START_REF] Collyer | Clothes sense-for handicapped adults of all ages[END_REF]. Man-made (synthetic) fabrics such as polyamide 6 and polyester are generally more resistant to abrasion. Kernaleguen states that tightly woven and knitted fabrics generally are stronger; however woven fabrics stand up better to abrasions problems such as snagging and pulling resulting from various equipment such as mechanical devices, braces and crutches [START_REF] Kernaleguen | Clothing designs for the handicapped[END_REF]. Textile factors that make a garment conformable to wear are warmth, weight, elasticity, texture, moisture absorption, and the prevention of static electricity build up.

Fabrics that feel soft usually contain a larger proportion of natural fibers. Stiff, unyielding fabrics have a tendency to crease and make it very uncomfortable for those persons who must sit for long period of time or who are confined to a wheelchair If the transferring of the handicapped person from seat to seat is a major concern, fabrics that are smooth and slippery will permit easier sliding. Allergies to both natural and synthetic fabrics should be taken into consideration when choosing fabrics.

Kernaleguen advises the use of cotton since it seldom contributes to an allergic reaction [START_REF] Kernaleguen | Clothing designs for the handicapped[END_REF].

Other skin irritations may develop depending on the texture of the fabrics used; for example, woolly fabrics may be particularly annoying to those with sensitive skin. In this case Kernaleguen suggests using soft, absorbent fabrics to reinforce areas where the skin comes into contact with the irritating fabric [START_REF] Kernaleguen | Clothing designs for the handicapped[END_REF]. "Absorption" is another important textile factor that must has taken into account when choosing fabrics. Since perspiration is a normal physiological function, excessive moisture can be a contributing factor to general skin irritation or may simply be uncomfortable, especially for those who are non-ambulatory.

Generally, it is necessary for perspiration to be absorbed through the air or clothing if physiological comfort has to maintain. Natural fibers tend to be better in this regard. Materials that are relatively high in absorbency include the natura1 and viscose; whereas, those that are particularly low in absorbency qualities include such as polyester or polypropylene [START_REF] Suganthi | Moisture-management of bilayer fabric knitted fabrics for sportswear[END_REF].

Kernaleguen contends that anti-bacterial or bacteriostatic finishes can be applied to fabrics to inhibit the growth of any unpleasant odor causing germs [START_REF] Kernaleguen | Clothing designs for the handicapped[END_REF].

"Launder ability" of fabrics is an important factor in any garment especially those that have subjected to harsh conditions in commercial or institutional laundry facilities. Wrinkle resistance and soil or stain resistance are other fabric qualities either inherent or applied, that contribute to the easy maintenance of garments. The choice of textiles is a contributing factor in providing physical comfort to garments. Textiles also provide inherent fiber /fabric properties that enhance physical clothing function. Another factor essential for the provision of comfort and function is that of garment design. This factor will discuss in detail later on in the section dealing with clothing designs for the handicapped.

Psychological Aspect

Psychological maintenance is the second basic need that clothing provides. This requirement is particularly evident in those who experience some form of disabling condition such as limited muscle strength limited range of motion, lack of mobility, reduced sensation. Clothing for those who disabled -whether their handicap is permanent or temporary -must be appropriate and yet manageable in relation to the limitation imposed by the disability, and not necessarily by the cause of the disability itself. In other words, design must be aimed at the limitations experienced by a handicapped person, whatever their cause or causes [START_REF] Matté | The evaluation of (social-)psychological comfort in clothing, a possible approach[END_REF].

However, as Kernaleguen states, a disabling conditions is not always a handicap and many able bodied persons suffer from handicaps perceivable only to themselves, while many disabled people are coping so well that their condition poses no handicap to them [START_REF] Kernaleguen | Clothing designs for the handicapped[END_REF].

In the rehabilitative sense of improving one's capacity to perform activities of daily living, dressing provides not only a physical but also a psychotically stimulus for achievement [START_REF] Dunne | The design of wearable technology: addressing the human-device interface through functional apparel design[END_REF].

Clothing plays a vital role in any rehabilitation program by providing both a visual and physical tool for easing the restoration of lost physical function and building up of one's body image. Maintaining and/or improving one's self-image or self-concept is an important aspect of rehabilitation, and Kernaleguen observes that clothing is significant to the total rehabilitation of the physically handicapped. She states that the satisfaction gained from independence in self-dressing as well as the pride and enhanced self-esteem the come from looking attractive, and in turn, the favorable reactions, which elicits from others, are all conducive to psychological wellbeing. The value of clothing and the entire process of dressing as an effective rehabilitation tool, aiding not only the physically handicapped, but also those who are mentally incapacitated.

In another study, researcher investigated the influence of garment opening positions in dressing activities of physically disabled people with scoliosis (PDPSs) [START_REF] Hong | Garment opening position evaluation using kinesiological analysis of dressing activities: case study of physically disabled people with scoliosis (PDPS)[END_REF]. Greater independence in dressing could be achieved by employing self-help features in garment designs, modifying ready-to-wear garments to the level of easy access, in terms of donning and removing garments; and providing clothing fasteners that can be easily manipulated. The aesthetic appeal of a garment is particularly important if a favorable self-image is to be developed. The appearance and comfort of clothing is vital to stimulating and achieving a high level of self-esteem. Thus, the attitude of the physically handicapped is crucial if a rehabilitation program is to succeed. If the person feels good in the clothes he or she wears, the potential for that person to succeed in learning and accomplishing tasks essential to cope with a disabling condition will be increased [START_REF] Matté | The evaluation of (social-)psychological comfort in clothing, a possible approach[END_REF]. Clothing design considerations also greatly affect the level of independence a disabled person can achieve.

Social Aspect

Garment design incorporates not only physical and psychological needs, but also social needs for the attainment of comfort, function, and aesthetic appeal. Susan Kaiser (1990), in her landmark book, The Social Psychology of Clothing, elucidates four established theories of why people wear clothes: (a) for modesty, to conceal parts of the body, (b) for immodesty, or sexual attraction, (c) for protection and (d) for adornment, which she describes as "appearance modification for purposes of display, attraction, or aesthetic expression" (p.16).

As pointed out by Kaiser (1990), clothing has considered one of the ways in which people with physical disabilities overcome their own physical differences from others.

In another disability-specific study, researcher investigated the differences in clothing importance factors and self-perception domains between female adolescents with (n=35) and without (n=35) scoliosis (i.e., curvature of the spine) [START_REF] Liskey-Fitzwater | Clothing importance and selfperception of female adolescents with and without scoliosis[END_REF]. Clothing importance factors investigated included conformity in clothing, modesty in clothing, psychological awareness of clothing, clothing to enhance self-concept, and interest in clothing. Social-perception domains investigated included social acceptance, athletic competence, romantic appeal, physical appearance, and global self-worth. The authors argued that, because peer acceptance was vital for an adolescent's socialization, self-esteem and body image, followed by fashionable clothing, were especially important. They also hypothesized that dissatisfaction with the body often resulted in generalized dissatisfaction with the self. Results showed that females in the scoliosis sample placed a significantly higher importance on their physical appearance than did those in the comparison group, but their self-perception was lower. The results suggested a need to provide fashionable and attractive clothing for female adolescents with and without scoliosis. The authors recommended the rehabilitative potential available through clothing therapy and concluded that clothing might help handicapped women overcome physical differences. Gender differences in self-concept have studied with mixed findings. Broadly speaking, women have greater difficulty experiencing their bodies positively than do men [START_REF] Liskey-Fitzwater | Clothing importance and selfperception of female adolescents with and without scoliosis[END_REF]. Women who evaluate themselves in terms of their physical appearance seem to be especially at risk for low self-esteem [START_REF] Hütter | Introspective capacities in patients with cognitive deficits after subarachnoid hemorrhage[END_REF]. Adaptive foundation garments can play an important role in this regard, as the key function of these garments is to give desired support and shape to the body, which ultimately can provide more youthful look to women.

Conclusion

The researcher challenged designers to understand the importance of these physical and psychological aspects of 'functional' clothing and incorporate the findings into future products, which would help to de-emphasize social differentiation. Underwear is a neglected subject in the academic literature. Hardaker and Fozzard indicate that the historical origin of this piece of clothing has documented, but there is little information about bra design. The authors developed a survey with designers, which revealed that the development of these products is highly heuristic, suggesting that it is strongly based on the professional's point of view, rather than on a user's perspective [START_REF] Hardaker | The bra design process -a study of professional practice[END_REF]. Ergonomics is a fundamental aspect for bra designing, being responsible for its comfort and practical supporting function. Clothing, for maintaining direct contact or very close to the skin, should have designed according to the physical, physiological and morphological characteristics of the user. A functional design is strongly required for the females suffering from hemiplegia in order to wear intimate apparel independently and give self-sufficiency to do daily activities. Women feel a sense of dignity, self-esteem and achievement specially when dressing intimate apparel independently. This study was useful in exploring how people with disabilities assess their own and others' attitudes to functional clothing, and in creating solutions for acceptable clothing, which could have manufactured. It has argued within the category of intimate apparel, the bra deserve singular research attention. The gap in-between body ability and the motions required to don and fasten a bra could have mediated by employing adaptive feature in regular brassieres. The next chapter progressively focuses upon the evolution and development of the modern brassiere.

Clothing

Clothing refers broadly to any number of fibers and materials worn to cover parts of the human body, including pants, shorts, shirts, dresses, coats and underwear. In its broadest sense, clothing has defined as the coverings of the torso and limbs, as well as the coverings for the hands, feet and head. Douglas Gorsline suggested the loincloth and tunic as the 'originators' of all clothing [START_REF] Gorsline | What People Wore When[END_REF],whereas Saint-Laurent suggested that the origin of clothing is originally based on physiological needs and eventually developed because of man's desire to alter his own image [START_REF] Laurent | A history of ladies underwear[END_REF]. As a result, individual and societal needs for psychological comfort through self-expression and self-adornment became major reasons for adopting clothing rather than just physiological or survival needs.

Innerwear

The concept of underwear probably had humble beginnings as a layer underneath outerwear with hygienic or protective functionality, but gradually gained an identity of its own by supporting and complementing developments in outerwear fashion. Barbier and Boucher emphasize the fundamental role played by undergarments in creating a fashionable silhouette, and identify its crucial role in terms of changing perceived body shape [START_REF] Barbier | The story of lingerie[END_REF]. In particular, underwear undoubtedly assisted in changing the perceptual emphasis to the shoulders, waist, bust and hips.

The concept of innerwear did not exist at the dawn of human history back in 600,000BC and it remains a difficult task to pinpoint the authentic starting point of the concept and use of innerwear. Innerwear began as outerwear, which gradually migrated to being worn as underclothing for largely functional reasons [START_REF] Ewing | Fashion in Underwear[END_REF]. Whilst accepting that innerwear existed in some form before the concept of 'fashion' began, the researcher argues that it did not really acquire any significance, or any history, until the late middle Ages. Tobin disagrees with this viewpoint, suggesting that the concept of innerwear became significant only from the end of the 19th Century [START_REF] Tobin | A brief history of underwear[END_REF]. However, Saint-Laurent provides an alternative viewpoint, suggesting that the concept and existence of innerwear began in ancient civilization around 3000BC.

from a sense of status, and not for hygienic purposes or protection from extreme weather [START_REF] Laurent | A history of ladies underwear[END_REF].

This idea is supported by the fact that, for example, Ancient Egyptian clothing was used as a symbol of wealth and power in society, and as a consequence, numerous layers of clothing, often decorated with elaborate trims, were worn to express status. Higher 'class' men wore a loincloth under their tunic, which was later developed into an under-skirt, and higher class women wore two tunics. Saint-Laurent [START_REF] Laurent | A history of ladies underwear[END_REF] identifies this layering process as instrumental in bringing about the concept of undergarments and suggests that, as society became more complex and sophisticated, these original simple undergarments were developed to serve many different purposes and functions.

Innerwear as Utilitarian Garments

Elizabeth Ewing [START_REF] Ewing | Fashion in Underwear[END_REF] argue that the only likely function of underclothes before the middle Ages was utilitarian even though these early garments were almost certainly not as effective as today. They identify five core functions of underclothes which they consider really only developed after the Renaissance [START_REF] Beese | Body image dissatisfaction in patients with inflammatory bowel disease: a systematic review[END_REF]:

1. Protection of the body from cold weather 2. Support of the shape of the outer costume 3. Hygiene 4. Sex appeal

Class distinction

Barbier and Boucher classify women's underwear into three different categories based on functionality: lingerie, corsetry and hosiery [START_REF] Barbier | The story of lingerie[END_REF]. They identify lingerie as mainly for hygiene purposes, sexual attraction, and comfort. Corsetry has identified as providing support for the outerwear costume shape, as well as to preserve female morality. Hosiery functions as an enhancer of aesthetic qualities and reflects industrial improvements. Barbier and Boucher argue that the three major functions of hygiene, body support, and sexual attraction/aesthetics remain relevant to modern underwear [START_REF] Barbier | The story of lingerie[END_REF]. Surprisingly, the hygiene function, which is now an important requirement for social and individual welfare in modern society, did not become a social issue until the early 19th Century, and the levels of support available from foundation garments and the corsetry of modern days did not exist before the 20 th Century. Prior to that, 'support' involved manipulating body shape into what has regarded as the fashionable shape of the time.

Brassiere

The modern brassiere or bra (as it is now more commonly known), is categorized as a foundation garment, which can uplift, mould and support the female breasts. It usually consists of two cups held in place with straps over the shoulders and elastic in the center back.

Modern brassieres are available in almost every possible type of wearable material, and in many forms of innovative design. Records, such as patent applications, indicate that the evolution of the modern bra took place from the late 19th Century. This marks a very long gap from the 4th Century when Greek and Roman women began to wear the first specific bralike garments (the 'strophium' and the 'fascia pectoralis') and the 19th Century when the modern bra began to evolve. Although Rosemary identified the strophium as the first bra-like garment recorded that resembled the modern brassiere [START_REF] Rosemary | Bras: A Private View[END_REF], all early bra-like garments from the 4th Century lacked the modern functions of uplifting, moulding and supporting which are the required and expected functions of the modern bra. Abundant flexible and light support garments invented during the late 19th Century in order to replace the notoriously hazardous 19th Century corsets, and these new inventions were largely responsible for bridging the gap between the 19th Century corset and the 20th Century modern bra.

In this context, the 19th Century corset set a milestone in the development of modern underwear despite its deadly effect on women's health at that time. This significant impact of the 19th Century corset to the evolution of the modern bra is acknowledged amongst most costume historians and scholars [START_REF] Laurent | A history of ladies underwear[END_REF][START_REF] Rosemary | Bras: A Private View[END_REF].

History of Bra

The corset and bust bodice are the two garments, which could safely regarded as the direct predecessors of the modern bra. Both garments could said to share this credit, although the bust bodice has originally developed from the corset cover, a protective garment for the corset. Therefore, some scholars and historians identify only the corset as the sole and direct predecessor of the bra.

The Corset as the Predecessor of the Modern Bra

The breast supporter was a corset with shaped breast cups, which are capable of accommodating the volume of female breasts. The purpose of his new invention was to help women to avoid injuries from the pressing and binding forces of contemporary corsets [START_REF] Tobin | A brief history of underwear[END_REF].

Although Chapman's breast supporters bear little resemblance to the modern bra, except perhaps for the two accommodating cups, their development clearly shows that modern bra design and construction had commenced as shown in figure 1.7.

[64]

Another example, which supports the notion of the corset as the forerunner to the modern bra, is 'Le Bien Être' (meaning 'wellbeing' in French) designed by Hermine Cadolle in 1889. 'Le Bien Être' consists of a bra and a waist cincher. By 1905, Cadolle had renamed the bra or more specifically the upper part of 'Le Bien Etre', as a 'soutien-gorge' (meaning 'hanging under the throat' in French) and began selling this part separately [START_REF] Barbier | The story of lingerie[END_REF]. The term 'soutiengorge' has been still using in France as a synonym for the modern bra. As the name implies, the support for breasts has shifted from the bottom (waist) to the top (shoulder straps), which

shows modern design elements were in progress, previewing the evolution of the modern bra.

The 'Bust Bodice' as the Predecessor of the Modern Bra

The bust bodice is a lightweight, soft undergarment, which has developed from the corset cover/camisole in the 1850 and worn underneath a corset to protect the corset from body fluids and secretions. This new garment developed into a supporting device for the breasts in 1889 because the corset of that time did not support the breasts because of the design changes outlined in the last chapter. Effectively the corset had been lengthening under the hip, and shortened above the waist. In fact, Cunnington and Cunnington (1992) claim that Jaeger's bust bodice in 1904 was the forerunner of the modern bra.

In 1904, De Bevoise invented a lightweight undergarment, which looks similar to a modern camisole and named it the 'brassiere'. The word 'brassiere' first appeared in an edition of American Vogue in 1907, and recorded in the Oxford English Dictionary in 1912 [START_REF] Ewing | Fashion in Underwear[END_REF]. [65]

The objectives of this invention were to provide a new and improved, yet simple and durable, breast supporter which could replace the corset and could be worn underneath the then popular 'empire style' dresses . The empire style fashion had actually died out by 1897, but the breast supporters designed for the empire dresses, such as short stays and the bust girdle, bust corset or strophium, survived beyond the outerwear fashion. However, this particular modern bra with two separate cups eventually became unpopular because of growing societal pressures, which regarded a woman without a corset as promiscuous, or of dubious morality [START_REF] Laurent | A history of ladies underwear[END_REF]. Therefore, whilst this new invention was initially and individually popular, it seems that society in general was not yet ready for this modern bra.

Two Further Significant Developments

Amidst all the major changes taking place in society and the underwear business, there were only two particularly distinct innovations, which made a significant impact, and changed the course of bra history:

i.

The advent of the bra sizing system.

ii.

The establishment of a complete conventional bra design involving wire, hook and eye tapes with adjusters and stretch back panel.

The Advent of the Bra Sizing System

The need to accommodate the different sizes of breasts has identified early in the corsetry 

The Establishment of a Complete Conventional Bra Design

The adjustable design concept was first applied in the shoulder strap with a slider 'D-ring' in 1930s and hook and eye tapes, although around since the early 1500s for other items of clothing became available in the late 1930s for bras [START_REF] Tobin | A brief history of underwear[END_REF]. The use of wire has also counted as one of the design innovations, which completed modern bra composition. Helen Pons patented a brassiere with underwire in 1931 and commercially produced her underwired brassiere. Although the underwired bra did not make the mainstream until World War II was over, it is important to recognize that the modern conventional bra design essentially complete by the early 1930s shown is figure 1.10. made its huge comeback in America in 1994 [START_REF] Farrell-Beck | Brassieres and Women's Health from 1863 to 1940[END_REF].

The name 'Wonderbra' has coined in 1941 but the real breast enhancing 'Wonderbra' has invented in 1964 by the French designer Louise Poirier for the Canadian Lady brand. This bra has introduced to Britain in 1992 by Gossard under license and then, following a licensed takeover in 1994, Playtex introduced it to America. This new style Wonderbra sold at a rate of one every 15 seconds and became the bestselling push-up bra in American history [START_REF] Farrell-Beck | Brassieres and Women's Health from 1863 to 1940[END_REF].

The Wonderbra phenomenon helped to increase push-up bra sales and largely due to Playtex's failure to meet market demand, not only Wonderbra but also, all kinds of push-up bras have introduced to the global market. These included household names like 'Super boost' by Gossard, 'Miracle bra' by Victoria's Secret, Rendezvous' by Maidenform, 'Push-Up bra' by Wacoal and 'Must Be Magic bra' by Vanity Fair and all these producers shared the massive international demand for uplifting, push-up and neckline plunging bras. These pushup and plunge bras are deeply plunged at the center and the use of padded cups push the breasts in, whilst the cleverly angled wings and back section lift the breast up.

The fiber filled padding of early versions has later replaced with other materials, which were supposed to give more natural look and feel. These materials included a water and oil mix, silicon gel, and even air. Barbier 

Types of Bra

There are different types of bra available in market, few bra types and their features have given in table 1.1 below,

Table 1.1: Types of bra available in market

Sr.

No.

Bra types Description 1 Padded Bra

A padded bra designed with padded cups or has pockets to insert pads (also called cookies). Padded bras are available in both underwired & nonwired styles. Underwired padded bras give you a gentle lift while nonpadded ones are great for everyday wear.

T-shirt Bra

A T-shirt bra is quite similar to a padded bra. It has smooth and seamless cups that do not leave any impression when worn under body-hugging outfits. This style works best with fitted outfits for a clean & smooth silhouette. This style is the master of all bras. With detachable straps, it allows multiway styling including one strap, two straps, cross-shoulder, halter, criss-cross and even strapless. This one bra solves the purpose of many bras combined.

Bralette

Bralette is a bra style that lies somewhere between a bra and a crop top. These easy-to-wear bras are usually non-padded non-wired and have a slip-on style. With less of support and construction, this style focuses more on style and comfort factor.

Strapless Bra

A strapless bra is self-explanatory. This style can be worn without the straps. Its main support has offered by underwired cups and an inner silicon lining along the edges that prevent the bra from slipping down. Such styles sometimes have side boning for extra support. They work best under tube, strapless and off-shoulder outfits.

Front Open Bra

Front open bras feature a clasp or a hook at the centre gore. This has considered as the most convenient bra to wear. This style is popular amongst women who find it difficult or annoying to hook the bra at the back. 9

Balter bra Tie halter bras either have a single strap that goes around the neck or straps that at the back of the neck. This style works best under halter dresses and tank tops. Most of the convertible bras give you an option of converting them into a halter style too.

Bandeau Bra

Bandeau bras have also called tube bras. These are basic in structure with no wiring, no padding and no straps. However, quite a few tube bras come with inbuilt pockets to insert pads. This bra style works best under tube tops or racerback tops. Great option for times when you do not want your straps to be visible.

Nursing Bra

They feature a flap at the cups for easy feeding access. These flaps have usually secured with a clasp that can be unhooked by a single handle making it easy to feed the baby. These have designed with breathable cotton fabric and non-padded and non-wired to keep the mother at utmost ease during the time of changing breast shape and size. These also called Maternity Bras.

12 Sports Bra Sports bras are a must-have for any physical exercise. These bras support the breasts and minimize bounce. Depending on the nature of the activity, one can pick from a range of low impact, medium impact and heavy impact bras.

13 Stick On Bra Stick on bras have no back straps or shoulder straps. They have an adhesive on the inner side of the cups that stick to the body and stays put. These bras work best under backless and strapless outfits. However, they may not work the best with heavy 14 Beginner's Bra Quite similar to a bandeau bra, this bra has no hooks, pads or wiring. Beginner's bras have a slip-on style to make it happy 'first bra' experience for the young girls. A minimizer bra has the capability of reducing breast projection by up to two inches for a more flattering silhouette under clothes. The specially designed cups redistribute the breast tissue to fit evenly all over the cup to create the illusion of a smaller bust.

Conclusion

Humans' needs and desires demand the continuous development of new products. As one of the women's daily underwear, bra is playing a fundamentally important role in protecting and supporting breast tissues. The function of a bra is to reduce breast ptosis (sag) by lifting the breast and present a more pert, youthful breast shape, which is commonly seen as more attractive and acceptable in society [START_REF] Risius | The influence of ageing on bra preferences and self-perception of breasts among mature women[END_REF]. Bra-related literature has typically centered on younger women and rarely considers the role of the bra among older women [START_REF] Risius | The influence of ageing on bra preferences and self-perception of breasts among mature women[END_REF] and no literature found on bra preferences by the women suffering from hemiplegia. The impact of hemiplegia on a woman body and bra preferences remains poorly understood. It is important that clothing be appropriate to an individual's physiology [START_REF] Twigg | Clothing, age and the body: a critical review[END_REF]. Clothing, for maintaining direct contact or very close to the skin, should design according to the physical, physiological and morphological characteristics of the user. Regarding the intimate apparel, aspects of comfort are : sensorial, thermal, motion, aesthetical and hygienic [START_REF] Starr | Biomechanical and thermal comfort analyses of a prototype sport bra[END_REF]. Ergonomics is a fundamental aspect for bra designing, being responsible for its comfort and practical supporting function. In this research, work has done on the evaluation of three of these aspects (motion, sensorial and thermal). The motion aspect has related to donning and doffing comfort with respect to special needs of hemiplegic females. Sensorial aspect corresponds to the tactile sensation (e.g. smooth or rough, cold or warm, soft or hard, tight or loose), to avoiding skin irritation, and allowing comfortable pressure. Thermal aspect related to hygroscopicity of underwear fabric, heat transmission, and moisture management material of fibrous structure for intimate apparel. So in the next part we discuss in detail, the materials and methods used to integrate these materials into adaptive bra.

Materials to Enhance the Functionality of Adaptive Bra

Along with the type of garment construction approach, fiber content and fabric structure affect the design and performance of bras. The bra started as a layer to cover the breast probably for purely utilitarian purposes, and developed into a potent vehicle. It is not only the use of new technologies for production that has helped fuel success but also the use of increasingly innovative smart materials.

Magnetic Fasteners

Fasteners are the essential part of a fastening system used to hold together at least two pieces of material. The small buttons, hooks and eyes, snaps and buckle fasteners that can be difficult for the hemiplegic females to manipulate because of muscular weakness, loss of finger dexterity especially in the 'pinching' action, and/or eye/hand coordination, and limited ranges of motion [START_REF] Sperling | Clothing fasteners for long-termcare patients[END_REF]. Sometimes, however, there are real needs for alternative means of fastening to satisfy or solve special considerations involved with regard to a particular clothing item. One specific example would be the conventional brassiere, wherein the traditional fastening means involves a hook and eye configuration, or multiple hooks and eyes. Most patients feel more comfortable dressing themselves, even though it may take them longer to do so. They can compensate for their loss of fine motor skills by simplifying clothing fasteners in a variety of ways. Velcro R closures made a good substitute for buttons and zippers. Nevertheless, Velcro fasteners were not much compatible with hemiplegic females having reduced strength; mobility and sensitivity in their hands to manage fastening.

Based on the body needs of hemiplegic females, problems faced by them and keeping in view of ergonomic considerations, the fasteners should have the following characteristics, 1.

They should be easy to understand and identify

2.

They should be of suitable dimensions so that they are easy to handle with one hand and should be compatible with design

3.

They should not demand more grip strength or precision handling than the stroke effected women is able to produce 4.

They should have the ability to withstand body movements without opening During this decade, there were innovations everywhere. A novel magnet fastener is just one example. Magnetic fasteners are advantageous because they are easy to use and provide adequate fastening. Due to the use of strong flexible magnets the fastener parts will be automatically and self aligned into the magnetic coupled configuration once the fastener parts are in magnetic proximity to each other. On the other hand, the magnetic fastener parts could be easily detached by relative tilting to move the fastener parts away from magnetic coupling.

In particular, magnetic fasteners are particularly useful in situations where fasteners are required to be done and undone by a single hand and in a short time.

Fabric

The continued interest in a healthy lifestyle, and the growing emphasis on environmentally friendly materials, helped to drive the development. The wear comfort of intimate apparel can be achieved by thermo-physiological, skin sensorial, ergonomic wear and psychological comfort [START_REF] Suganthi | Thermal comfort properties of a bilayer knitted fabric structure for volleyball sportswear[END_REF]. Thermo-physiological comfort is a general expression of factors such as the thermal properties, water vapor transmission, sweat absorption and drying ability of fabrics [START_REF] Nemcokova | Study on Liquid Moisture Transport of Knitted Fabrics by Means of Mmt Thermography and Microtomography Systems[END_REF]. The enclosed still air and external air movement are the major factors that affect heat transfer through fabric and it is influenced by the fabric construction, thickness and material [START_REF] Suganthi | Thermal comfort properties of a bilayer knitted fabric structure for volleyball sportswear[END_REF]. The garment should have the ability to release the moisture vapor held in the microclimate to the atmosphere to reduce the dampness at the skin [START_REF] Supuren | Moisture management and thermal absorptivity properties of double-face knitted fabrics[END_REF]. Wicking is an important property to uphold a feel of comfort during sweating conditions. It applies the capillary theory to rapidly remove sweat and moisture from the skin's surface, transport it to the fabric surface, and then evaporate it [START_REF] Onofrei | The influence of knitted fabrics' structure on the thermal and moisture management properties[END_REF].

The evaporative properties of the materials influence the level of heat and favorable moisture transfer can reduce the thermal sensation of wetness [START_REF] Bakkevig | Impact of wet underwear on thermoregulatory responses and thermal comfort in the cold[END_REF]. Studies have shown that perception of discomfort ratings is significantly associated with increases in skin temperature and sweat rates [START_REF] Bakkevig | Impact of wet underwear on thermoregulatory responses and thermal comfort in the cold[END_REF] whereas subjective perception of comfort in clothing is related to thermal comfort.

Knitted products are preferred to be worn in direct contact with the skin, because of their high extensibility, soft touch and superior thermal comfort properties to woven fabrics [START_REF] Onal | Comfort properties of functional three-dimensional knitted spacer fabrics for home-textile applications[END_REF].

Knitted Fabrics

Over the last few years, there has been growing interest in knitted fabrics due to its simple production technique, low cost, high levels of clothing comfort and wide product range.

Knitting technology meets the rapidly changing demands of fashion and usage. Knitting is defined as "the process of forming a fabric by the intermeshing of loops of yarn" and knitting accounts for more than 30% of total current fabric production [START_REF] Brackenbury | Knitting Clothing Technology[END_REF]. A yarn is defined as "an assembly of substantial length and relatively small cross-section, of fibres or filaments, with or without twist" . Knitted fabrics not only possess stretch and provide freedom of movement, but they also have good handle and easily transmit vapor from the body.

The end use of knitted fabrics, created either in tubular or flat form, can be apparel and other products including sweaters, underwear, hosiery, socks and stockings. Knitted fabrics are commonly categorized into two main groups: warp and weft knitted, based on the direction of the way they are knitted (vertically or horizontally) [START_REF] Tiwari | A Pilot Study: Evaluating the influence of knitting patterns and densities onf abric properties for sports applications[END_REF]. Both types can be made using single yarns or multiple yarns and create complex pattern designs. The formation of knitted loops and properties of the resulting fabrics can differ significantly between each group and knitting pattern. The knit structure is differentiated from other textile architectures (weaving, braiding, stitching, etc.) by its unique unit cellsthe knit and purl loops, cells combined in orthogonal rows (courses) and columns (wales), shown in Figure 1.11, which lead to specific fabric properties [START_REF] Abel | A two-dimensional analytical model and experimental validation of garter stitch knitted shape memory alloy actuator architecture[END_REF].

Figure 1.11: Weft knitting, course and wale directions

Warp knitted fabrics have vertical interloping of yarns, making them less likely to unravel while also providing less stretch. By contrast, the weft knitted structure, commonly associated with horizontal hand knitting, provides the greatest stretch, is pliable, soft and the fabric has good drape properties [START_REF] Yu | Moisture comfort and antibacterial properties of elastic warp-knitted fabrics[END_REF]. The use of weft knitted fabrics in active wear has increased due to the demand of stretchable, wrinkle-resistant and tight-fitting garments [START_REF] Brackenbury | Knitting Clothing Technology[END_REF]. Circular weft knitting machinery is traditionally used for hosiery. Between 1977 and 1988, researchers found ways to create a type of three-dimensional knit fabric [START_REF] Brackenbury | Knitting Clothing Technology[END_REF].

Bi layer Knitting

Recently a great attention has been given to bilayer knitted fabrics due to their good transversal compressibility and excellent air permeability. Many studies have been focussed

on double-face structures to achieve high level of comfort [START_REF] Kanakaraj | The influence of double layer knit fabric structures on air and water vapor permeability[END_REF].

The performance of layered fabric in thermo-physiological regulation is better than single layer textile structure . The comfort of the fabric has attained through transmission of sensible and insensible perspiration. Normally a knitted double-layer construction as shown in figure 1.12 is selected to realise a functional fabric design because of its flexibility of fiber selection and properties.

Figure 1.12: Bi-layer knitting

In these fabric structures, the connecting yarn acts as a bridge between the two layers of the fabric. In the inner side of a multiple layer textile, a synthetic material with good moisture transfer properties, such as polyester, polyamide 6, acrylic or polypropylene is used whereas on the outside, a material which is a good absorbent of moisture such as cotton, wool, viscose rayon or their blends can be placed [START_REF] Suganthi | Moisture-management of bilayer fabric knitted fabrics for sportswear[END_REF]. Out of all moisture absorbent fibers cotton is the most commonly used and easily available with extra-ordinary comfort properties. Layering of fabrics used as garments has the major effect on properties such as thermal conductivity, air permeability and moisture vapor transmittance worn together [START_REF] Suganthi | Moisture-management of bilayer fabric knitted fabrics for sportswear[END_REF] and are used to achieve high level of comfort. Polyester tend to remain dry and have good moisture transportation and release properties. Moisture absorption and release properties do not coexist in common fibers.

Polyester

The first manmade polyester fiber was developed by DuPont in 1946 and sold under the tradename Terylene. The majority of today's polyester fibers are composed of terepthalic acid and ethylene glycol (PET). Polyester has outstanding dimensional stability and offer excellent resistance to dirt, alkalis, decay, mold and most common organic solvents. Durable, yet lightweight, elasticity and a comfortable smooth feel these are all important qualities to consumers for wide variety applications. Excellent heat resistance or thermal stability is also an attribute of polyester [START_REF] Basu | Influence of fibre length and denier on properties of polyester ring and air-jet spun yarns[END_REF]. It is the fiber used most commonly in base fabrics for active sportswear because of its low moisture absorption, easy care properties and low cost. Good moisture management means quick absorption and release of moisture, which give better level of comfort. Synthetic fibers like polyester have very low moisture absorption and do not get wet, giving better moisture release simultaneously. Knitted fabrics made by using microfiber polyester show excellent moisture-related comfort properties like absorption, wicking and rate of drying [START_REF] Özkan | Investigating thermophysiological comfort properties of polyester knitted fabrics[END_REF].

Cotton

Cotton has a number of distinguishable characteristics and has graded as fiber, which has preferred by many people. Cotton is 95% cellulose and is a light, soft material with high absorption capabilities. Cotton is used as a fiber because it has a large amorphous portion, which makes the fabric comfortable. Cotton conducts heat away from the body and allows the cooler temperature outside to reach the body, so it is a cool material for summer or tropical wear. Knitted cotton is used as comfortable wear [START_REF] Kozłowski | Handbook of Natural Fibres: Types, Properties and Factors Affecting Breeding and cultivation[END_REF]. Cotton fibers are natural fibers; they are soft, cool, known as breathable fibers and absorbent, for that reasons is the best fiber to be use for products and clothes, which will be in contact with the skin. Cotton fibers can hold water 24-27 times their own weight. They are strong, dye absorbent and can stand up against abrasion wear and high temperature.

Bi layer knitted Fabrics made from Cotton/Polyester

The fabrics produced from 100% cotton or 100% polyester yarn do not exhibit good moisture management properties [START_REF] Haque | Evaluation of Processing Performance and Properties of 100% Cotton and Cotton-Polyester Blended Ring Yarns[END_REF]. This problem could be overcome by producing a double layer knitted fabric in which the inner layer can transfer the moisture to the outer layer, which absorbs and evaporates the moisture to the external environment. Good moisture transmission property has found with hydrophobic material of polyester where as good storage and evaporation properties found in hydrophilic material of cotton. Figure 1.13 shows that the perspiration from the skin is being wicked in the conductive layer and its transfer to its absorptive and evaporative external layer for the dissipation into the open atmosphere. 

Smart Materials

The expertise gained from many years of technical textiles is being more intimately married with expertise from other engineering, scientific and design sectors, giving rise to a new breed of smart technologies [START_REF] Lam Po Tang | An overview of smart technologies for clothing design and engineering[END_REF]. Some materials were used originally for space and military applications, but now, designers are using them in unusual ways for clothes [START_REF] Vili | Investigating smart textiles based on shape memory materials[END_REF]. Shape memory materials are stimuli responsive, demonstrating an ability to change from a deformed shape to a pre-programmed shape as a result of being exposed to an external stimulus [START_REF] Mattila | Intelligent textiles and clothing[END_REF].

addition, thin-film deposition of Piezo materials, directly deposited onto yarn or bulk textiles [START_REF] Mattila | Intelligent textiles and clothing[END_REF], could potentially modify the dynamic performance of these textiles.

Natural Shape memory Materials

The shape memory effect has viewed in many natural materials and in particular a number of fibers that are already widely used in the textile industry. Examples are cotton, which swells in high humidity [START_REF] Mattila | Intelligent textiles and clothing[END_REF], and a similar reaction, which can be seen as a result of the thermal and hydrothermal properties of wool fibers [START_REF] Hu | The Investigation about the Shape Memory Behavior of Wool[END_REF]. Although these materials demonstrate a physical change, it is of a very small order of magnitude and is unable to offer a high-level functionality.

Comparison between NiTi and Cu based alloys

The majority of developments and commercial exploitation of SMA has focused on two basic alloy types, Nickel Titanium and a number of copper-based alloys including CuZnAl, CuAlNi

CuZnSi, and CuZnSn [START_REF] Mattila | Intelligent textiles and clothing[END_REF]. Table 1.2 compares the economic, physical and shape memory properties of NiTi and Cu based alloys, which would play a part in any decision concerning their suitability for use in specific tasks. NiTi alloy has many characteristics that set it apart from other SMA and in spite of the higher cost of the materials and production; they are by far the most popular SMA used in commercial applications [START_REF] Mattila | Intelligent textiles and clothing[END_REF]. When it comes to design decisions, it is often the superior properties and functionality of NiTi, such as recovery force, cyclic performance, maximum strain recovery, durability and biocompatibility (explained later in detail), which outweigh the financial savings a Cu alloy would offer. Material led design can often be seen in specialist areas such as medical applications that utilize NiTi's specific properties, resulting in the properties themselves stimulating the design process rather than a material being chosen to fulfil a task [START_REF] Mattila | Intelligent textiles and clothing[END_REF]. 

Biocompatibility

The medical applications and biocompatibility of NiTi has been well documented [START_REF] Feninat | Shape memory materials for biomedical applications[END_REF] and since the late 1970s it has played a major role in developments in medical science particularly with respect to minimal invasive surgery and the use of catheters and endoscopes [START_REF] Feninat | Shape memory materials for biomedical applications[END_REF]. The biocompatibility of NiTi is both of interest and of importance when considering its integration into textile structures as many possible applications could necessitate close contact with the skin. There are also applications, such as stent design, that already combine NiTi with textiles and involve insertion into the body requiring in vivo biocompatibility with soft tissue as well as bone [START_REF] Duerig | An overview of nitinol medical applications[END_REF]. Considering the two elements individually there is a contrast in the individual biological responses. Pure Ti is generally considered to be extremely well tolerated by soft tissue and bone showing neither toxic nor inflammatory responses [START_REF] Ryhänen | Biocompatibility evaluation of nickeltitanium shape memory metal alloy[END_REF].

Ni is an essential trace element in vertebrates, including humans in a quantity close to 0.1 ppm (Trepanier and Pelton). In its pure state nickel is less reactive demonstrating resistance to many acids / alkalis as well as not readily oxidising. In spite of this, in contact with the skin and tissue nickel can be toxic, causing severe inflammation, necrosis of tissue and tumour growth in the tissue following skin contact or surrounding the implant site [START_REF] Shabalovskaya | Effects of nitinol surface treatments and ethylene oxide sterilization on human lymphocyte proliferation[END_REF].

Thermal shape memory

Garments that are self-adjustable and resizable sought after for both functional and aesthetic applications. Most suitable shape memory alloys for the clothes, which come into direct contact with skin are those, which are capable of changing their shape in the range of body temperature. The most common type of SMA is the Nitinol, that presents advantages in comparison to other types of SMA. Thermal shape memory can be seen in two different forms, one-way and two-way shape memory. To initiate both of these forms of thermal shape memory an external heat stimulus is required to raise the material to its transition temperature.

The temperature rise could achieve through the general ambient temperature, or selectively by passing an electric current through the material to resistively, heat it to the transition temperature.

One way Thermal shape memory

One-way thermal shape memory is the phenomenon seen when a programmed NiTi alloy transforms from a deformed shape to a programmed shape due to heating (Figure 1.15). When Martensitic NiTi heated above its Martensite start (Ms) temperature to its Martensite finish (Mf) temperature, it will start to transform into Austenite. The point at which this transition start known as the Austenite start temperature (As). When this transition completed the NiTi will have reached its Austenite finish temperature and will take on the parent or programmed form. On cooling from Austenite the NiTi will start to transfer to Ms retaining the parent form until it reaches its Mf temperature. This deforming could be repeated over many thousands or millions of cycles. On reaching Af the shape transformation occurs very swiftly and with considerable usable force that is capable of large displacements. It is the speed and strength of this shape change combined with the very soft, easily deformable Martensite phase, that has contributed to NiTi being the most commercially developed SMA [START_REF] Mattila | Intelligent textiles and clothing[END_REF]. The heat treatment parameters chosen to set both the shape and the properties of the part are critical and usually fine tuning experiments has needed to determine the desired requirements of each part. In general, temperatures as low as 400°C and times as short as 1-2 minutes can be used to set the shape, but generally a temperature closer to 500°C and longer periods of time are required. Although the desired NiTi shapes and properties have largely imparted by the time the components reach the selected maximum temperature, it is imperative that the time at the required temperature met or components will not behave consistently or to the required level. For this reason larger components (e.g. bars and rods) or components using substantial constraining jigs, will require longer heating times to allow for the temperature of the part to equalize and reach the desired temperature. After heating, the components usually cooled via a water quench or, if both the parts and the fixture are, small, rapid air-cooling could use. If a higher heat treatment time and temperature has been used when training shape memory components, an increase in the actuation temperature of the part has been achieved in conjunction with a sharper thermal response. However, there is usually a concurrent drop either in peak force (for shape memory elements) or in plateau stresses (for super-elastic elements). There is also an accompanying decrease in the ability of the NiTi element to resist permanent deformation.

1.4.3.10

Applications of Nitinol in Textiles Most suitable shape memory alloys for the clothes, which come into direct contact with skin are those, which are capable of changing their shape in the range of body temperature. The most common type of SMA is the Nitinol, that presents advantages in comparison to other types of SMA. Nitinol shows stable functional properties [START_REF] Casati | High performance shape memory effect in nitinol wire for actuators with increased operating temperature range[END_REF] as well as high biocompatibility [START_REF] Duerig | An overview of nitinol medical applications[END_REF]. Outstanding properties of Nitinol have attracted the attention of professionals engaged in the intimate apparel and fashion field. Textiles are flexible materials, which can easily change their shape by following the change of the shape of integrated shape memory materials.

Nickel-titanium alloys (NiTi-NOLs) are responsive smart materials, which change their shape and super elasticity within the range of human body or environment temperature [START_REF] Šalej | Application of Nickel-Titanium alloys (NiTi-NOL) in smart textiles and clothes[END_REF]. By using shape memory alloys, it is possible to design and develop smart textiles and clothes with self-adapting functions for diverse fields of application.

The pseudo elasticity of SMAs can also be used for the underwire of brassieres to improve comfort [START_REF] Wu | Industrial applications for shape memory alloys[END_REF]. Women's brassieres have both esthetic as well as structural requirements. The application of superelastic NiTi alloy to the wire re-enforcement, called the underwire, has been first developed in Japan and is now a significant global market for SMA as shown in figure 1.17. Shape memory underwire is more comfortable because of the lower elastic modulus of SMAs compared to those made of other steel wires. Furthermore, it has reported that the SMA underwire is resistant to permanent deformation because washing and drying the brassieres can trigger the shape recovery of deformed underwire. 

Chapter Summary in English

This chapter describes the methodology used to design smart and functional intimate apparel for women suffering from hemiplegia. Traditional clothing design begins with statistical information about people such as consumer demographic and psychographic statistics, and incorporates seasonal color, and trend forecasts. It does not feature direct contact between the designer and the target market (the user). Conversely, adaptive/functional clothing design typically draws on information directly from the user in one-on-one interaction. Placing a higher priority on consumer needs promotes development of design solutions that enhance human performance. Adaptive apparel is one way to integrate human-centered design principles to achieve optimal performance. Regarding adaptive bra design, comfort and usability as an ergonomic objects, were project requirements. This chapter discusses about how adaptive clothing might optimize human performance, helps conceptualize design, or more specifically here "clothing attributes" that might help hemiplegic females with respect to perform dressing tasks independently, and how such attributes have been integrated into intimate clothing (bra). Given the complexity and multitude of challenges, and in order to balance the various requirements of function, technology and aesthetic, we have been adopting research-through-design approach with the intention of generalizing, applicable and communicable knowledge through the development of prototypes.

This design practice comprises efforts to structurally and continuously design, refine and envisioned artefact. This research builds on the knowledge from therapy, human engineering (ergonomics), textile materials and apparel technology. The functional design process is a conceptual framework addressing user needs or user situations through systematic exploration. A loop structure has been created by going back to any of previous steps until completion of a whole problem as well as a series of smaller associated problems. Along with the several iterations, we found it is beneficial to shift between the different perspectives.

The process of research through design is based on the following basic principles :

1) Mandatory consideration of user needs; A multi-faceted, semi-structured interview, carried out by the researcher and containing questions relating to the user's specific physical limitations, peculiar clothing choices related to undergarments and their requirements related to certain attributes.

2) Identification of requirements and needs of hemiplegic women regarding undergarment (bra); Data collected [from women users (n=3), occupational therapists (n=3) and caregivers (n=3)] at this initial stage were used to generate design specifications for ergonomically designed bra to satisfy the needs and preferences of each user.

3) Selection of functional materials and recent technologies that can be used in the design concept; Identification of the main factors that are of decisive importance in the development of the concept of adaptive bra design and also testing of proposed material in order to make sure of its effectiveness for the intended purpose. 4) Three prototypes of ergonomically designed bra were designed and constructed. 5) Evaluation of the concept is a key step in determination of the effectiveness of decisions taken in conceptual design. While wearing the prototype, "users" (Women suffering from hemiplegia) had asked to give responses to questions that evaluated various dimensions of the product through wear testing and by usability testing. Their responses have been used to determine how well the prototype met their needs. A group of women (administrative staff and students) without physical disabilities entitled as "Evaluators" (n=15) also evaluated prototype through wear-trial and survey analysis.

6) Women suffering from hemiplegia often have problem of respiratory disorder.

Electronics integrated into textile and clothing, can provide a much more comprehensive coverage of bodily parameters. Therefore, a sensor could be embedded in ergonomically designed adaptive bra, in order to monitor respiratory rate.

1) Prise en compte obligatoire des besoins de l'utilisateur ; Un entretien à plusieurs facettes, semi-structuré, mené par le chercheur et contenant des questions relatives aux limitations physiques spécifiques de l'utilisateur, aux choix vestimentaires particuliers liés aux sousvêtements et à leurs exigences en matière de certains attributs.

2) Identification des exigences et des besoins des femmes hémiplégiques en matière de sousvêtements (soutien-gorge) ; Les données recueillies [auprès des utilisatrices (n=3), des ergothérapeutes (n=3) et des soignants (n=3)] à ce stade initial ont été utilisées pour générer des spécifications de conception de soutien-gorge ergonomiques afin de satisfaire les besoins et les préférences de chaque utilisatrice.

3) Sélection des matériaux fonctionnels et des technologies récentes pouvant être utilisés dans le concept de conception ; Identification des principaux facteurs qui sont d'une importance décisive dans le développement du concept de conception de soutien-gorge adaptatif et également test du matériau proposé afin de s'assurer de son efficacité pour l'usage prévu. 4) Trois prototypes de soutien-gorge ergonomiques ont été conçus et construits. L'électronique intégrée dans le textile et l'habillement, peut fournir une couverture beaucoup plus complète des paramètres corporels. Ainsi, un capteur pourrait être intégré dans un soutien-gorge adaptatif de conception ergonomique, afin de surveiller la fréquence respiratoire.

Traditional clothing design begins with statistical information about people such as consumer demographic and psychographic statistics, and incorporates seasonal color, and trend forecasts. It does not feature direct contact between the designer and the target market (the user). Conversely, adaptive/functional clothing design typically draws on information directly from the user in one-on-one interaction. Placing a higher priority on consumer needs promotes development of design solutions that enhance human performance [105]. Adaptive apparel is one way to integrate human-centered design principles to achieve optimal performance [106]. Regarding adaptive bra design, comfort and usability as an ergonomic objects, were project requirements. This chapter discusses about how adaptive clothing might optimize human performance, helps conceptualize design, or more specifically here "clothing attributes" that might help hemiplegic females with respect to perform dressing tasks independently, and how such attributes have been integrated into intimate clothing (bra). Our research is a result of iterations following the approach of research-through-design. We will explain our design and development process, the lessons learned and reflections for each iteration. Along with the several iterations, we found it is beneficial to shift between the different perspectives. 

Functional Design Process

1: Schematic illustration of research-through-design process

The process of research through design is based on the following basic principles :

1) Mandatory consideration of user needs; A multi-faceted, semi-structured interview, carried out by the researcher and containing questions relating to the user's specific physical limitations, peculiar clothing choices related to undergarments and their requirements related to certain attributes.

2) Identification of requirements and needs of hemiplegic women regarding undergarment (bra); Data collected [from women users (n=3), occupational therapists (n=3) and caregivers (n=3)] at this initial stage were used to generate design specifications for ergonomically designed bra to satisfy the needs and preferences of each user.

3) Selection of functional materials and recent technologies that can be used in the design concept; Identification of the main factors that are of decisive importance in the development of the concept of adaptive bra design and also testing of proposed material in order to make sure of its effectiveness for the intended purpose. 4) Three prototypes of ergonomically designed bra were designed and constructed. 5) Evaluation of the concept is a key step in determination of the effectiveness of decisions taken in conceptual design. While wearing the prototype, "users" (Women suffering from hemiplegia) had asked to give responses to questions that evaluated various dimensions of the product through wear testing and by usability testing. Their responses have been used to determine how well the prototype met their needs. A group of women (administrative staff and students) without physical disabilities entitled as "Evaluators" (n=15) also evaluated prototype through wear-trial and survey analysis.

6) Women suffering from hemiplegia often have problem of respiratory disorder.

Electronics integrated into textile and clothing, can provide a much more comprehensive coverage of bodily parameters. Therefore, a sensor could be embedded in ergonomically designed adaptive bra, in order to monitor respiratory rate.

Validity and Reliability of Research Design

Using an exploratory research through design for this study has been considered to be appropriate approach, due to the lack of existing research on the topic. From a review of past and current literature, no information appeared to be available about resolving the problem of suitable bra for women suffering from hemiplegia, nor was there inquiry into the use of adaptive functional design of bra to address specific clothing needs.

According to Babbie [112], exploratory research had been done for three key reasons: (a) to satisfy the researcher's understanding, (b) to pave the way for a more careful study, and (c) to test methods for that subsequent study. Babbie's tri-step justification for exploratory research had been applying to this research study in the following ways:

(a)

The research idea has developed from personal interest and experiences of the researcher in specialized product development.

(b) Future, more detailed research studies to further augment the literature, should be possible with many different aspects of the current study.

(c) Proposed methods can be refined and adapted for use in subsequent studies.

Due to the exploratory nature of the study [113], qualitative as well as quantitative research methods were most appropriate in this study. Large amounts of accurate in depth information were uncovered from a small purposive sample of clothing users. Qualitative research is also useful for finding information where little is already known and for uncovering minute details that might be overlooked in statistical analysis [114].

This study was a cross-sectional approach within a qualitative design. Cross-sectional studies involve taking a cross-section of a particular phenomenon at one time and analyzing it very carefully [112]. The cross sections here were of adaptive bra design for women suffering from hemiplegia.

Qualitative interviews are a valid way of gathering in-depth information about the nature of the problem and factual evidence relating to that problem.

In addition to qualitative interviews for needs assessment, the study included physical testing of the potential materials in order to confirm its compatibility with needs and desires of the end users (women suffering from hemiplegia).

Next phase of study includes generation of sketches as well as production of prototypes and evaluation of the prototype by the users (women with hemiplegia) and evaluators. 

Define Problems

Putting on and taking off clothing requires balance, flexibility, and various synchronized movements. These movements naturally linked, how the body is able to move, which has based on a person's physical condition. Obviously, the range of movements needed to dress can be challenging for people suffering from hemiplegia.

We have been working in collaboration with Haute-Alsace Rehabilitation Center and Emile Muller Hospital ( Mulhouse). An interview schedule had developed to collect the data regarding problems faced by hemiplegic females. Three occupational therapists, three women suffering from left hemiplegia age ranging from 40 to 55 years and three care givers participated in this interview. Permissions were obtained from them to publish obtained data.

Three different questioners had drafted one for occupational therapist, other for hemiplegic women and third for caregivers in order to gather detailed information. The questionnaires will help the researcher to gather detailed information regarding clothing related problems, from prospective of users (women suffering from hemiplegia) and caregivers. Furthermore, it will add technical information from medical point of view, related to impact of physical disability on clothing.

Introduction

Getting dressed is a taken for granted activity until the balance and movements required to do so are reduced or lost due to brain stroke (hemiplegia). I am a researcher and the purpose of this interview is to better understand your experiences related to clothing while in rehabilitation. The information I collect in this study will be used in support of my PhD thesis.

 Tell me about yourself.  What is the most difficult garment to get out of? Why?

 Does anyone help you get undressed?

Debriefing/ Closing

 Have you considered any solutions that might be incorporated into a bra design?

 Is there anything else that I did not ask you about that you would like to talk about now?

Introduction

Getting dressed is a taken for granted activity until the balance and movements required to do so are reduced or lost due to brain stroke (hemiplegia). I am a researcher and the purpose of this interview is to better understand your experiences related to the kinds of clothing women need while in rehabilitation. The information I collect in this study will be used in support of my PhD thesis.

Tell me about yourself.

 How long have you worked as a Occupational therapist?  What motivated you to choose this profession?  Where did you do your trainingeducation?

Let us talk about the kinds of clothing that would make it easier for you to dress patients.

 Which garments are easiest to put on? Why? Most difficult? Why?  Tell me about the kinds of clothing items people find most challenging. When thinking about functional clothing -Where should designers start? Which garments are most in need of design improvements?  In your experience, what are the top three conditions that require functional clothing while in rehabilitation?  Have you considered any solutions that might be incorporated into a bra design?  What about tricks? What kinds of strategies do you recommend to patients? To help them to be more organized. To help them conserve their energy?  Are there specific bra styles, or bra details that you suggest patients look for?  Is there any bra or accessories that patients have had here in rehab that were really good?

Debriefing/ Closing

 Have you considered any solutions that might be incorporated into a bra design?  Is there anything else that I did not ask you about that you would like to talk about now? All users rated loss of upper body strength on one side as main problem. Upper body strength for these three users (hemiplegic women) involved the full length of the arm (including wrist and hand), shoulder, neck and upper back. Users' limitations in these areas have implications for donning, doffing and wearing clothing. Endurance and strength have been identified as being necessary for dressing [116], but have not been used as variables which impact aspects of clothing in other literature.

Adaptive bra Preference and Expectation

While some of these problems stemmed from having clothing that they considered "difficult" for example bra. Some problems caused by pain and fatigue when performing the acts of donning and doffing. "Difficult" clothing appeared to be that which is confining, not open down the front, and is tight when put on or taken off over the head (constricting in donning and doffing). Fatigue and lack of stamina appear to manifest the problem because when users are fatigued, donning and doffing becomes a greater problem.

Figure 2. 2: Participant's comments about the bra

Most bras fasten up at the back. Participants voiced concern about comfort while wearing the bra as well as problematic maneuvers to don it. Reaching behind to fasten the bra was difficult so the therapist suggested an alternative method to wear back fastened bra in such a way that the bra could be latched closed and put over the head like a T-shirt, as illustrated in figure 2.3.

Figure 2. 3: Problems faced by "woman suffering from hemiplegia" while wearing regular bra

Those who had the use of only one hand encountered difficulties with this maneuver, as this could be useful for T-shirt type garment because T-shirts are loose in fitting. As bra is a body fitted garment, this maneuver is not very much successful. One user (03) mentioned that she gets a shot of pain across her shoulder and down her arm when pulling something up overhead, making some aspects of dressing a painful task. Therapists suggested that patients consider an alternative style "the front fastened bra". However, these front fastened bras are usually unable to provide enough support to busts.

Additionally, some patients with limitations in dexterity and fine motor skills had trouble manipulating fasteners such as hucks and eyes, buttons and zippers. One solution in case of fastenings for users included was Velcro. But common complaints included the materials used in Velcro® are too stiff and inflexible and not durable enough for daily needs, Velcro® commonly comes undone when used as a front closure, the materials are uncomfortable because the sharp corners dig in to the skin adding additional discomfort to the pain of the disability.

For many women, the effort required to don bras simply outweighed the benefit of wearing them, and thus many older women stopped wearing bra completely and adopted a camisole or undershirt with a shelf bra, neither of which provided the necessary breast support. So the brassiere was identified as a problem garment that most women did not wear. The reasons for this behaviour included difficult body movements, problems with fasteners, and a lack of comfort. All three users reported needing assistance from a member of their family (caregivers) on a daily basis to don and doff bra.

Adaptive clothing does not only have a different design. It should be made with special materials and fabrics to provide increased comfort for women suffering from hemiplegia.

Moreover, it should be available on affordable prices. Adaptive bra should be attractive and stylish in a manner similar to the intimate apparel used by normal people in embellishment, but at the same time convenient to put on and take off and durable.

Define Requirements

There is a strong relationship between adaptive garment design and the body capabilities. A number of different needs and restrictions governs the choice of material intend to use for adaptive bra for women suffering from hemiplegia. It should be comfortable and appropriate for any physical requirements. In addition it should be easily available for reasonable price.

The wear comfort of adaptive bra can be achieved by thermo-physiological, skin sensorial, ergonomic wear and psychological comfort. By keeping in view body needs of hemiplegic females, functional features for adaptive bra summarized in a manner that allows them to adequately fulfill requirements of comfort and functionality as shown in figure 2.4.

Women with one nonfunctional or limited-functional hand need fasteners located within the optimum grip area of the functional hand. Fabrics with "optimum" moisture management property for keeping them warm and dry were preferred.

2.

Brassiere with flexible and easily manageable fasteners were required.

3.

Location of the fasteners should have given more design consideration for easy limb movement.

Once the biomechanical problems of hemiplegic females have been identified and user's requirements have been established by keeping in view of ergonomic considerations, the next step was to select appropriate materials (fabric and fasteners) followed by the design of bra in a manner that allows them to adequately fulfill the requirements of comfort and functionality.

Evaluation Scheme

Based on the principles of conceptual design of functional adaptive clothing stated earlier, a scheme has been developed for the evaluation as shown in figure 2.5.

The adaptive bra evaluation was realized by defining potential solutions, the main and additional functions of the bra. Moreover, it is important to choose and justify materials, 2) Fasteners and trims that are easy to manipulate,

3) Inclusion of adaptive mechanisms to facilitate wearing with single hand, 4) Specialized garment pattern [START_REF] Kabel | Clothing-related barriers experienced by people with mobility disabilities and impairments[END_REF] Evaluation of intimate apparel involves a series of tests to ascertain the performance of the garment and accessories.

Fabric Evaluation

Evaluation of fabrics for its performance is mandatory particularly during design and development of adaptive intimate apparel. By investigating the properties of fabric through textile testing, it is possible to determine its suitability for its intended application. Fabric's physical parameters play an important role in determining their characteristics, which is widely used by professionals as 'specifications' whilst making decisions such as suitability for a particular end use.

In case of knitted fabric, when considering their behavior, the mechanical properties of fabrics are one of the most important characteristics that should have evaluated. During usage, the fabrics exposed to different types of strains in different directions. An important type of strain is bursting (pressure applied on the fabric surface). The hyperactive elasticity of knitted fabrics requires the use of the bursting test when measuring the fabric strength.

Furthermore, the presence of moisture on fabric-skin contact has been found to be positively correlated with the frictional force and thus with the perception of roughness. Moisture at the skin surface can alter intensity of perceived fabric roughness: as the moisture content increases. Therefore, a fabric that is perceived to be comfortable under low humidity conditions may be perceived to be uncomfortable under high humidity or sweating conditions 

Weft Knit Structure

The weft knitted structural units have been representing by using the following methods: 

Fabric area Density

Fabric weight is mass per unit area, denoted in grams per square meter (g/m 2 ). It is an important fabric property that has been often using in determining the fabric cost and quality.

For knitted fabrics, area density= (s x l x T) ÷ 100

2.1

Where, sstitch density per cm 2 ; lstitch length is length of yarn in a knitted loop, and Tyarn count in tex.

[118]

Fabric Thickness:

It is the distance between the upper and lower surface of the fabric. The thickness has been measuring by using the KES-FB3 compression tester of the Kawabata Evaluation System for fabrics as shown in figure 2.8. Five samples (20 cm 2 ) used in this test to provide five replications of test data. The test operates with a small 2 cm 2 circle in the bottom of the surface of the tester. The thickness of the 2 cm 2 area has measured at the point at which the force has reached only 0.5 gf/cm 2 (50 Pa), at initial contact between column and the fabric surface.

The distance between plates recorded in mm (BS EN ISO 5084). Fabric thickness affects the overall performance of a garment, especially, abrasion resistance of fabrics, higher fabric thickness, higher the resistance to abrasive action. 

Fabric bursting Strength test

Physical and mechanical properties of knitted fabrics are very important in many ways.

Among these properties, the bursting strength is extremely important. Bursting strength is the force that exerted perpendicularly on the fabric surface to break off fabric. As tensile strength test could give unidirectional measurement, therefore measurements of tensile strength in knitted fabrics are not suitable. Consequently, Bursting strength, which is the strength against multi directional forces, becomes important especially for knitted fabrics [119].

In order to obtain bursting strength and bursting distension values, knitted fabric samples were applied bursting strength test in accordance with BS EN ISO 13938-2:1999 standard The dimension of testing area is generally 50 mm 2 . A constant rate of increase in liquid volume selected between 100 and 500 cm 3 /min depending on the test area and fabric requirements. If it is not possible to apply a constant volume increase rate, test conditions should have adjusted so that the time to burst is (20±5) s.

The parameters extracted from this test are the following; the bursting pressure (kPa), height at burst (mm), and bursting volume (cm 3 ). The specimen bursting pressure obtained by applying a correction for the diaphragm burst pressure, which is the pressure needed to deform the diaphragm up to burst without any fabric. 

Measurement of Fabric comfort

The physical properties of textile materials, which contribute to physiological comfort, involve a complex combination of heat and mass transfer. The comfort of fabric has attained through transmission of sensible and insensible perspiration. Chosen intimate apparel fabrics should have quick drying and good wicking property to handle excess sweat produced by the body. Wicking is the movement of liquid by capillary action, if the liquid wets the assembly of fibers so that it can move from its source to some distance against the gravitational forces by occupying the available capillary spaces. The smallest capillary possess greater capillary forces, hence the wick ability. Water vapor permeability and thermal resistance have 

Air Permeability

The measurement of the air permeability is the rate of airflow passing perpendicularly through a known area under a prescribed air pressure differential between the two surfaces of a material of textile fabrics (ISO 9237). The permeability findings not influenced by fabric orientation because the measured area is always circular. The test conditions for the measurement of air permeability are the clamping area of the sample (cm 2 ) and the pressure difference (Pa). The air permeability tester FX-3300 (figure. 2.11) is one of the apparatus, which is able to measure air permeability of fabric. In this apparatus, air pumped by a piston at a constant volume of 8π cm 3 /s. The velocity of the air is dependent on the plate chosen on the tester; each plate has a different aperture size, and air velocities of 0.4, 4 or 40 cm/s are possible.

Figure 2. 11: Schematic representation of air permeability tester

The pressure drop caused by the resistance of the specimen has measured by a differential pressure gauge. The output is the air resistance R, measured in kilopascals times seconds per meter (kPa ⋅ s/m), found from Equation 2.3:
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There are some defining equations of fluid flow that should be explained. If a specimen has small holes, the pressure drop is due to frictional loss and is defined as

ΔP = KV 2. 4
Where ΔP is the pressure difference, V is the air velocity, and K is the constant for the specimen. This can also be expressed as

K = Δ P/ V 2. 5
Here,

R = K 2. 6

Where R is resistance and is linear with respect to velocity for the specimen. A material with this response can be considered as a 'linear resistor'. If the specimen exhibits large holes, then Bernoulli's law holds true, Where ΔP = KV 2 2. 7

Rewritten, KV = Δ P/V 2. 8

And

R = KV = ΔP/V 2. 9
Then, R is not constant because it is now a function of changing velocity.

The air resistance values of the multi-layer knitted fabrics have measured individually by using air permeability tester FX 3300 as shown in figure 2.12. The specimen is loaded to the test area of the instrument easily by means of an automatic holder. By pressing down the holder to start the test. Tester equipped with a vacuum pump to draw air through an automatic interchangeable test head with a circular opening. The pre-selected test pressure has automatically maintained, and after a few seconds, the air permeability of the test specimen has digitally displayed in the pre-selected unit of measure on the touch panel. After test, the holder has released and the vacuum pump shut off. 

Design evaluation through Ergonomic comfort Analysis

Once the prototypes were constructed and approved by participants, the next phase was to evaluate the design. In order to evaluate adaptive design, the best way was to find the ergonomic comfort. Ergonomics is a scientific discipline concerned with understanding the interactions between humans and other elements of a system. Ergonomic comfort, sometimes also called aesthetic comfort, can be tested with different objective methods [124] for example through wear trail test and survey.

Ergonomics applies theory, principles, data, and methods to design in a way that optimizes human well-being and overall system performance (IEA, 2017). Ergonomics is concerned with the "fit" between the user, clothing, and their environment. If a garment fits the human body well, the wearer can easily move in the garment. It can be determined by measuring, 1. Fasten ability of the fasteners 2. Survey analysis followed by wear trail analysis

Fasten-ability of Magnetic Fasteners

Tensile properties frequently has been including in material specifications to ensure quality.

Tensile properties are often measured during development of new materials and processes, so that different materials and processes can be compared. Finally, tensile properties often used to predict the behavior of a material under forms of loading other than uniaxial tension. The strength of a material often is the primary concern. The strength of interest measured in terms of either the stress necessary to cause appreciable plastic deformation or the maximum stress that the material can withstand specially in case of fasteners.

Engineering Stress is the ratio of applied force P and cross section or force per area.

𝜎=𝑃𝐴0
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𝞼 is engineering stress P is the external axial tensile load 𝐴0 is the original cross-sectional area

Engineering Strain defined as extension per unit length.

𝐿f -𝐿0 Ɛ = Δ𝐿/𝐿0 = 2.

𝐿0

Ɛ is the engineering strain 𝐿0 is the original length of the specimen 𝐿𝑓 is the final length of the specimen An example of the engineering stress-strain curve has shown in figure 2.13. From it, some very important properties can be determined. The elastic modulus, the yield strength, the ultimate tensile strength, and the fracture strain have all clearly exhibited in an accurately constructed stress strain curve.

Figure 2. 13: Stress-strain curve

The stroke-effected patients suffering from hemiplegia have not much physical activity [START_REF] Bohannon | Muscle strength and muscle training after stroke[END_REF]125]. In respiration, the increase in circumference is up to 6 cm [126]. So in order to evaluate comfort function of bra while breathing it is important to see the maximum extension of bra at which it stayed fastened. For qualitative measurement, hemiplegic females have observed while wearing bra in different postures and found that it stayed fastened without any displacement. So for quantitate evaluation, tensile strength tester was used in order to find magnetic pull away force of the magnetic fasteners, at the velocity rate of 100 mm/s. Test was performed on 1/4 th part of bra as can be seen in figure 2.14.

Figure 2. 14: Pull away force of magnetic fasteners using MTS tensile testing machine

Survey analysis through Wear trail

In these wearer trials, wearers are required to perform a series of activities, which normally occur in practice. The wearer rates the ease of body movement on a scale from zero to ten.

Wear Test was conducted over four visits separated by 1 week each.

Three women suffering from left hemiplegia age ranging from 40 to 55 years participated in this study and given their feedback by filling a questionnaire, they are mentioned as "users".

Same test was repeated with five women from administrative staff of university age ranging from 30-45 and ten students age ranging from 25-35, they are mentioned as "evaluators". In this study, in order to find ergonomic comfort of bra, a questionnaire was formulated.

Questionnaires considered one of the most widely used primary data gathering techniques. It has been a research tool through which people are asked to respond to the same set of questions in a predetermined order [127]. This technique has been using to seek views and perspectives of respondents. This approach has been using in order to evaluate the ergonomic comfort of adaptive bra designs. Figure 2.15 gives a summary of the protocol followed to carry out the questionnaire survey.

Figure 2. 15: Protocol for Survey questionnaire

To ensure that the research questionnaire has been structured well and all-important items included in the survey tool, the questionnaire has divided into three sections as shown in table 2.2. The first section evaluate the donning and doffing comfort of the respondents. The second section gauge the sensory comfort of the respondents. The third section assess the aesthetic comfort. The questions were evaluated with a continuous scale starting from '0' which means not satisfied and end at '10' which means highly satisfied, to test the level of importance and acceptance for each design accepts. 

Table 2. 2: Survey form

Characteristics of functional features

Ethical Issues

Ethics in research is based on mutual respect, trust, acceptance, cooperation and wellaccepted expectations between all parties involved in the research project [128].

When dealing with human beings as participants in a study, ethical considerations addressed and maintained throughout the study with great care, to protect participants from deception and to protect their anonymity. This research project gathered data using questionnaires and all participants, participated on a voluntary basis, none of the respondents forced to participate in the study.

Confidentiality and anonymity was maintained and none of the respondents' information was revealed [129]. A cover page with the University of Haute Alsace's logo was attached to the questionnaire. The cover page informed the participants about the study and its goal and it has stated that the participant can withdrew any time for any reason; confidentiality will be maintaining and the contact details of the researcher and study supervisor has included. It has mentioned in the cover page that the participants' contact details will not be used or distributed.

The participants signed the cover page, indicating that they were interested in participating in the study [129].

Participants in the research were protected from any psychological discomfort, as they were not exposed to any harmful procedures or questions [130]. The researcher made no attempt to alter the behavior of participants, but rather the research has designed to gather opinions of participants in a numerical manner [129].

This chapter is devoted to product development by following the methodology described in the previous chapter. First, bi-layer knitted fabric in rib structure was developed to provide increased comfort for people with sensitive skin. Bi-layer knitted fabric was developed on an interlock jacquard knitting machine. The inner face of the fabric was made of a polyester yarn that is hydrophobic (good capillary action). The outer face was made from a hydrophilic cotton yarn (good absorption and evaporation of moisture). A hydrophilic finishing was applied to this fabric. Fabric has been evaluating in order to validate its suitability for end use cad specific needs and expectations of women suffering from hemiplegia. Different tests (fabric structure, fabric thickness, fabric bursting, fabric comfort: moisture management & air permeability) has realized and give good results for the continuity of the study. Then, a magnetic fastening system has been chosen to take into account the needs and expectations of women suffering from hemiplegia magnetic fasteners.

The most important step of product development was to create different prototypes evolving according to the needs of the users evaluated after each new prototype. During each evaluation, two types of sample have been chosen: Three end-users (women suffer hemiplegia), Fifteen evaluators (Women working in administrative staff and women who has been studying in the University of Haute-Alsace).

A first series of two prototypes of bra (1 and 2) was designed with center front opening by using magnetic fasteners located differently. During the evaluation of design, wearer acceptability has been an especially important factor in assessing individuals' perceptions of adaptive apparel. Wearer acceptability on the donning and doffing comfort (wear-ability, removability, fastening, unfastening, location of fasteners, identification of fasteners, firmness of fasteners, dimension of the fasteners, time and fatigue-free). All evaluators presented a favorable picture of their satisfaction with the prototype bra designs, although somewhat less positive than the end-users who have physical disabilities. All participants highlighted a problem of back panel twisting while wearing prototypes with single hand. It was observed that while wearing prototypes hemiplegic women faced problem to pull it around to the other shoulder, they may get it on, but then the strap gets lost behind and they cannot reach it. In order to overcome this problem, it has proposed to use boning material at backside of bra. It has also been observed that bra straps fell off their shoulders. Therefore, in order to overcome this issue, it was proposed to use silicon adhesive material under shoulder straps.

A second series of prototype of bra was designed with the previous requirements (two prototypes 2A and 2B). Although, the use of boning material provided solution against twisting, unfortunately this material exerted unpleasant pressure at backside. The use of boning material provided solution to some extent against twisting but it reduces the flexibility of design. Therefore replaced boning material by a biocompatible smart material that changes shape (kinetic materials). The shape change temperature had to be programmed to a desired temperature, depending on the type of SMM (shape memory materials) involved. Nickeltitanium alloys (NiTi-NOLs) are responsive smart materials, which change their shape and super elasticity within the range of human body temperature. The idea was to use nitinol wires in back side of bra in order to help in keeping backside straight while wearing.

Moreover, it has proposed to make the back panel in plus size, which will facilitate in donning front fastened bra for the women suffering from hemiplegia. After wearing, with body temperature it will contract and give the desired shape, fit and support to wearer. In order to memories shape to these wires, a process of high heating at 500°C for 1 hour and rapid quenching in room temperature water has been realized.

Another prototype of bra has been developed in plus size in inserting Nitinol wires to reduce his size after wearing (required size) and retain its shape during wearing. Nitinol wires have tendency to recover this memorized shape (wearing) in 2 minute at 30 °C. This new prototype 2C has evaluated with prototypes A and B. Survey analysis has done for following three dimensions of comfort: donning and doffing, sensory comfort, aesthetic comfort. For the donning and doffing comfort, design 2C was preferred over design 2A and 2B due to use of shape memory wires due to its shape changing property with change in temperature along with avoiding twisting of back panel while wearing. For the sensory comfort (breast squeezing, pressure on back, pressure on under breast, overall comfort), this special fabric provide to wearers smooth and soft feel. This fabric keeps them dry from sweat, which reduces clinginess of fabric. Bi-layer knitted fabric also provides them desired warmth. For the aesthetic comfort (disability concealment, breast support, youthful look), all users were satisfied as it was exactly what they wanted to have. All users gave higher rating to design 2C as compared to design 2A and 2B, because it provides more youthful look by providing appropriate breast support.

Visual inspection has used to determine whether there were any meaningful trends in dressing task performance across time. Across all participants, dressing the Design 2C took significantly less time to complete when compared to Design 2A and 2B.

After getting satisfaction of users and evaluators with design of bra with respect to wear ability, sensorial and aesthetic comfort, we moved towards our last objective, which was to explore the feasibility of performing reliable respiratory monitoring system using bra as platform.

Circumference of chest change during inhaling and exhaling, which transfers the force or pressure to bra band. Piezoresistive stain gauge embedded to a chest band of bra gives response to variation in its diameter by changing its electrical resistance due to respiration cycle. During inhalation, it extends resulting in an increase in resistance while the resistance decreases to its nominal value during exhalation. Results indicates that breathe rates could easily determine by embedding piezoresistive sensor in bra. The sensor can monitor vital signs, such as the breathing rate, without hindering comfort or performance.

The development of a smart bra system, considering not only the sensor performance, but also the wear ability and user acceptance has analyzed. The women suffering from hemiplegia were more comfortable with the smart bra clothing system and most of them believe that using a smart bra clothing system will improve their health condition and their quality of life.

Ce chapitre est consacré au développement de produits en suivant la méthodologie décrite Product development is the process of translating user needs and preferences into a visual representation of a clothing product. It is a set of sequential activities and tasks, which translate users' needs into product design. Product development is a crucial phase in the overall product life cycle because it is here that many ideas and choices come together to form one product.

Adaptive clothing provides special functionality to the wearer, which the conventional garment cannot. It has worn by the specific group of people. Adaptive clothing design prioritizes people-centered needs, desires, expectations, and preferences to incorporate clothing solutions that enhance performance.

Early development stages, in which initial requests have made for a design solution, are very important. If problems are thoroughly accepted, analyzed, and defined in the early stages, the rest of the process becomes more productive. The next step is creative exploration, which includes working through all possible ideas, examining user and production constraints, and finally producing and evaluating a prototype. The multi-disciplinary strategies for adaptive bra development have investigated from the perspectives of textile technology, physiological considerations and design. In this chapter, many new ideas in terms for materials (fabric and fasteners) and prototype designs have developed and then evaluated, to pick the most promising one. The researcher started with fabric development based on fiber content and fabric structure to ensure the appropriate amount of stretch, which would facilitate the dressing task along with additional feature of thermal comfort. Moreover, the type of fastener as well as ease of use of selected fastener were based on fine motor requirements.

Furthermore, various prototype designs were explored and evaluated, based on user needs (i.e., physical limitations, existing clothing problems, practical solutions, style preferences).

Lastly, the feasibility of performing reliable respiratory monitoring from piezoresistive strain sensors using bra as platform was explored.

Fabric Development and Evaluation

Adaptive clothing have been designing with special materials and fabrics to provide increased comfort for people with sensitive skin. Based on the above trait following materials have been selected for adaptive bra.

Natural and Man-made Fibers

Natural fibers are known for their breathability and comfort. Cotton fabric has been often using to assist with perspiration while the fibers absorb sweat and allows it to evaporate into the air. Natural fibers has desired for their traits of breathability and moisture absorption.

Nevertheless, man-made fibers like polyester can be desirable for their traits of long lasting color, ability to hold its shape, rapid drying, and decreased propensity to wrinkle. Therefore, cotton with polyester has used in order to get best fabric traits of both worlds.

Fabric

A number of different needs and restrictions governs the choice of fabric intend to use for adaptive bra for women suffering from hemiplegia. It should be comfortable and appropriate for any physical requirements. In addition it should be easily available for reasonable price.

The wear comfort of adaptive bra can be achieved by thermo-physiological, skin sensorial, ergonomic wear and psychological comfort.

The physical properties of textile materials, which contribute to physiological comfort, involve a complex combination of heat and mass transfer. The comfort of the fabric could be attained through transmission of sensible and insensible perspiration. Chosen Intimate apparel fabrics should have quick drying and good wicking property to handle excess sweat produced by the body.

Over last few years, there has been growing interest in knitted fabrics due to their simple production technique, low cost, high level of clothing comfort and wide product range.

Knitted fabrics not only posses stretch and provide freedom of movement, but they also have good handle and ability to transmit vapour from the body. Many studies have focused on double-face structures to achieve high level of comfort [START_REF] Suganthi | Moisture-management of bilayer fabric knitted fabrics for sportswear[END_REF][START_REF] Onal | Comfort properties of functional three-dimensional knitted spacer fabrics for home-textile applications[END_REF]131]. The performance of layered fabric in thermophysiological regulation is better than single layer textile structure.

Layering of fabrics used as garment has major effect on properties such as thermal conductivity, air permeability and moisture vapour transmittance [132]. A simple double-face construction has preferred, in which the inner face is made of a synthetic filament yarn that is hydrophobic and has a good capillary action; the outer face is made from a hydrophilic yarn that absorbs the wicked moisture and allows it to evaporate [133].

By keeping in view requirements, constraints of hemiplegic females and in order to get better comfort properties of fabric, bi-layer knitted fabric was proposed. It has suggested to manufacture bi layer knitted fabric in such a way that outer layer is made of cotton and inner layer is of polyester yarn. The main purpose of using this construction of fabric was to improve wicking ability of fabric by improving capillary action.

Fabric Development

Bi Polyester tends to remain dry and exhibits good moisture transportation and release properties [START_REF] Özkan | Investigating thermophysiological comfort properties of polyester knitted fabrics[END_REF]. As moisture absorption and release properties do not coexist in common fibers therefore, polyester (17 tex) has selected for the inner layer whereas cotton (30 tex) selected for outer layer. A connecting layer was prepared with (9 tex) polyester. Fabric mass per unit area (GSM) value found to be 176 with 48 % cotton and 52 % polyester content. Parameters of bilayer knitted fabric has given in table 3.1. Purpose of applying hydrophilic finish has been to further improving absorbency of fabric as well as to enhance smooth feel of the fabric. Many studies have been focusing on double-face structures to achieve high level of comfort [START_REF] Takeuchi | Rehabilitation with poststroke motor recovery: a review with a focus on neural plasticity[END_REF][START_REF] Ratnasabapathy | Shoulder pain in people with a stroke-a population-based study[END_REF][START_REF] Kwasnica | Unilateral Neglect Syndrome After Stroke: Theories and Management Issues[END_REF][START_REF] Brewer | Stroke rehabilitation: recent advances and future therapies[END_REF]. The performance of layered fabric in thermo-physiological regulation is better than single layer textile structure [START_REF] Poslawsky | A systematic review of nursing rehabilitation of stroke patients with aphasia[END_REF][START_REF] De Weerd | The interferons and their receptors--distribution and regulation[END_REF]. In the inner side of a multiple layer textile, a synthetic material with good moisture transfer properties, such as polyester, nylon, acrylic or polypropylene is used whereas on the outside, a material which is a good absorbent of moisture such as cotton, wool, viscose rayon or their blends can be placed [START_REF] Morris | Predicting health related quality of life 6 months after stroke: the role of anxiety and upper limb dysfunction[END_REF][START_REF] Voyvoda | An evaluation of diaphragmatic movements in hemiplegic patients[END_REF][START_REF] De Almeida | Effects of hemiplegy on pulmonary function and diaphragmatic dome displacement[END_REF][START_REF] Mohsenin | Respiratory Complications of Stroke. Seminars in respiratory and critical care medicine[END_REF].

In this work attempt has been done to made bi-layer weft knitted fabric, which can able to transfer moisture from skin to the environment. This bi-layer knitted fabric made on circular double jersey knitting machine with rib structure as shown in figure 3.2. This bi-layer knitted fabric having two layers of yarn, inner layer of fabric is made up of wicking fibers, i.e. polyester which wicks away the perspiration from skin and transfer it to the outer layer which made up of evaporating fibers i.e. cotton which evaporates perspiration into atmosphere while doing so proper moisture management is done. The application of moisture management finish to knitted fabrics made from lower denier filament yarns has the double advantage of absorbing and evaporating the body sweat at a faster rate thereby making the wearer feel comfortable.

Based on above principle hydrophilic finish has been applied on bi-layer knitted fabric in order to achieve better moisture management property.

All the fabric samples were conditioned in standard atmosphere according to TS EN ISO 139 (65±4 % relative humidity and 20±2 0 C temperature) for 24 h before the tests.

Fabric thickness

Thickness of the fabric is measure with KES-FB3 compression tester. Five samples have been tested under standard conditions and samples conditioned before testing. Thickness of the fabric has given in below table. Test results has given in table 3.2. The MMF treatment on knitted fabric has good effect on absorbency and wicking characteristics and this leads to quicker evaporation. The fabric and its garment, which has higher absorbency and evaporation, gives better scope to develop adaptive underwear.

After finalizing the fabric type, the next step was to work on type of the fasteners and ultimately style of bra, as following two problems have been highlighted during interview, 1. Difficulty managing fastenings 2. Styles of bra that can be constricting and uncomfortable

These finding suggested to the researcher that the importance should be given to easy-tomanage fastenings. A change of fastener type may help solve fastening problem.

Fasteners

Fasteners are the essential part of a fastening system used to hold together at least two pieces of material. The small buttons, hooks and eyes, snaps and buckle fasteners that are used on many items of apparel can be difficult for the hemiplegic females to manipulate because of muscular weakness, loss of finger dexterity and eye/hand coordination, and limited ranges of motion [137].

In literature review Velcro® closures made a good substitute for hooks and eyes, buttons and zippers [138]. However, Velcro® can be difficult to line up and pull apart and over time lint can built up leaving the fastener useless. Velcro® is also bulky and can snag and damage other clothing when it is not closed. If not closed properly, it may also irritate the skin. Aside from the functional problems of Velcro®, people with disabilities have shown a dislike for this closure because of its stigmatizing affect. Furthermore, Velcro® fasteners were not much compatible as they were unable to sustain with breast movements.

Based on the body needs of hemiplegic females, problems faced by them and keeping in view of ergonomic considerations, the fasteners should have the following characteristics, 5. They should be easy to understand and identify;

6. They should be of suitable dimensions so that they are easy to handle with one hand and should be compatible with design; 

Prototype Development

Future research [109, 115] suggests that prototype construction and evaluation to explore the feasibility of potential solutions.

Types of closures and their locations affected how users donned and doffed garments. The gap in between body ability and motions required to don and fasten a bra for women suffering from hemiplegia, have mediated by creating ergonomic designs. We set out to create stepwise adaptive bra designs in order to identify technical and design challenges and to seek design opportunities.

The extent of reaching problems to back and over the head were identified in first section of the study. The researcher added a full front opening, both for functional and aesthetic reasons.

Front openings were found in previous studies [START_REF] Kernaleguen | Clothing designs for the handicapped[END_REF]140] to be more satisfactory than those in the back because of the problems in movement of arms and shoulders. So as the first step a bra was designed with center front opening by using magnetic fasteners as shown in figure 

Evaluation of Design

For quantitative evaluation, fasten-ability of magnetic fasteners for both designs have been evaluated by using tensile strength tester. Moreover, for qualitative assessment of both designs, a survey analysis has conducted followed by wear trial test. Survey has been conducted both with users (women suffering from hemiplegia) and evaluators (women from university administrative staff and students).

Fasten-ability of Magnetic Fasteners

It has long been established that fasteners are a critical component when designing clothing that supports independent dressing [138].

The magnetic fasteners garnered excitement from participant groups. Women recovering from stroke, they remarked, "that's a really nice invention, I've actually never seen them."

However, all participants (women suffering from hemiplegia, occupational therapists and caregivers) voiced concerns inquired about the strength of the magnet as fasteners, questioning if it was strong enough to remain securely closed during wear.

The stroke-effected patients suffering from hemiplegia have not much physical activity [125,141]. In respiration, the increase in circumference is up to 6 cm [START_REF] Adesoji Adedoyin | Reference Values for Chest Expansion among Adult Residents in Ile-Ife[END_REF]. The graph in figure 3.11, which has drawn for the mean value of all 10 samples for both designs. The comparison of both designs showed that the fasteners stayed fastened up to 5.5 cm (55 mm) for design 1 and for design 2 it stayed fastened till 4.5 cm ( 45 mm) elongation. This means it can stay fastened even if the extension is of 20 cm in case of design 1 and 18 cm in case of design 2. Therefore "dsign 1" is the prefered design and we can use these magnetic fasteners even in our regular bra.

Survey

At the evaluation stage, the designers' resources are tested; a formal evaluation is called for at the prototype stage often involving physical tests that lead to further refinement [142].The goal of this stage is to determine if a design will meet needs or not.

Wearer acceptability is an especially important factor in assessing individuals' perceptions of adaptive apparel since a garment must be acceptable to provide physical comfort. Therefore, after the prototype bra has been produced in two designs, the researcher returned to the original group of users for wear testing and evaluation. This process provided data for objective evaluation, to assess the success of the product using survey analysis followed by wear testing.

In the evaluation, each user tried on the prototypes in a location of her choice and evaluated its success using Instrument (survey). The measure of success is dependent upon how the users envisioned the finished prototypes after giving information and helping the researcher to sketch in the initial interviews. The user has been evaluating the prototype based on information they already presented in interview. The scale used for wear testing and evaluation has designed for a choice from a scale of 1 to 10 for each dimension of comfort of bra. Users (n=3) were asked to rate the prototype based on their expectations which prescribed during initial interview. If they have chosen one, this rating meant that the prototype "worse than they envisioned". If they have chosen five, it mean "just as they envisioned", and ten mean "better than they envisioned" (i.e., the prototype-exceeded expectations). These ratings have based on previous clothing literature involving wear-tests [143].

Before reporting specific results, some general comments made about the prototypes overall.

Several unsolicited comments occurred during the wear-test survey outside of the framework of the question categories that provided overall evaluation. "I like this bra a lot…I'm very pleased with it". All users felt that variables presented in the wear-test survey were sufficient to assess their satisfaction with the prototype bra.

Donning & doffing Comfort evaluation of Design 1 & 2 by Users

No User rated the prototype as 'worse than I envisioned', all users satisfied with the prototype. The prototype met expectations for the entire sample of users. Based on the wear trial test the results has shown in figure 3.12 2. Magnets used in assemblies have flat surfaces, there is no additional force or dexterity required to close magnetic assemblies. Conversely, in snaps, buttons, hooks and eyes, male and female sides have required to be align and then pushed together or pushed through a hole in the garment fabric. Which is an additional advantage for users with low or reduced manual dexterity or in situations limiting the use of their hands).

3. Magnets used in assemblies have smooth surfaces, which are less abrasive as compared to Velcro fasteners. Raised surface of Velcro fasteners could harm the sensitive skin of user if not closed properly due to excessive abrasion.

Furthermore, addition of finger/thumb loop along with extended front bra strap provide more donning and doffing comfort.

Design 2 is preferred over Design 1 due to shape of extended front fastening strap, as it provides more area to grip, which is a desirable feature for women suffering from hemiplegia.

Furthermore, in Design 2 magnetic fasteners towards the side have highlighted with bright yellow color, help that made it easily to identify.

Women suffering from hemiplegia needed external help to some extent during wearing both prototypes because they were not able to pull it around to the other shoulder, they may get it on, but then the strap gets lost behind and they can't reach it. The main reason behind that was twisting of back pannel while wearing and it was not possible for women suffering from hemiplegia to turn it back with single hand. Secondly it has observed while wearing both prototypes there was slippage of shoulder straps.

Evaluation by Individuals without Physical Limitations

Fifteen individuals have contributed to wear test and evaluate the prototype in the same way as the first group. Women working in administrative staff and women who has been studying in the University of Haute-Alsace contacted by email and has encouraged, participating in the study. They were told in advance to mimic as hemiplegic and were briefed about the physical limitations of hemiplegic women. Women in this group have been mentioned as evaluators.

The same instrument was used for the evaluators and the results reported the same as the user group.

Donning & doffing Comfort evaluation of Designs 1 & 2 by Evaluators

No evaluator found it worse than envisioned. The evaluators rate both prototypes against various dimensions of donning and doffing comfort as shown in figure 3.13.

Figure 3. 13: Comparison of donning and doffing comfort of adaptive bra design 1 and 2 by evaluators

They commented that the idea of using of magnetic fasteners with center front opening is quite exciting. Furthermore, they are satisfied with the magnetic force of the assemblies; they commented that strength of magnetic fasteners are enough to keep the bra closed without any displacement during their daily activities.

Moreover, in design 2 the shape of the front wing facilitates more in donning and doffing with single hand.

They also commented that these front fastened bra designs with magnetic fasteners could have used for burst-feeding women as well. All evaluators presented a favorable picture of their satisfaction with the prototype bra designs, although somewhat less positive than the users who have physical disabilities. All evaluators highlighted same problem of back panel twisting while wearing both prototypes with single hand.

Shortcomings and Proposed solutions for next design

All users were satisfied with magnetic fasteners and the location of fasteners as well.

However, it was observed that while wearing both designs hemiplegic women faced problem to pull it around to the other shoulder, they may get it on, but then the strap gets lost behind and they can't reach it as shown in figure 3.14. All users were happy with the addition of silicon adhesive material under the shoulder straps.

It helped a lot while wearing with single hand by keeping shoulder strap at its place. The use of plastic boning material in design 2A at under breast level on back side of the bra enhance the donning and doffing comfort as it helps in keeping back side straight while wearing. In design, 2A boning material was stitched only at one side, which had not restricted the stretch ability of fabric as well as wear-ability of design. However, in design 2B, boning material was used at center back in between the shoulder straps as well, it helped a lot to kept the back panel straight but as the both ends of boning material has stitched so it hinder the flexibility of fabric as well as design which create problem in wearing with single hand.

Although, the use of boning material provided solution against twisting, but unfortunately this material exerted unpleasant pressure at backside. These patients stay prolonged time in wheel chair. Due to persistent contact of their back body to wheel chair back support, this boning material apply prolonged pressure on sensitive skin of women suffering from hemiplegia.

This prolonged and unpleasant pressure could be the reason of creating pressure scores.

Donning & doffing Comfort evolution of Designs 2A & 2B by Evaluators

Wear-trial has again conducted with evaluators. Donning and doffing comfort of Design 2A and 2B have compared. Ratings given by evaluators against each dimension of donning and doffing comfort has shown in figure 3.18. All evaluators like the idea of using silicon adhesive material under shoulder straps as it facilitates wearing with single hand. However, the response regarding use of boning material was not very positive especially in case of design 2B. It exerted unpleasant pressure especially for women who had large and heavy breasts. Moreover, it reduce the wear-ability by hindering the extensibility of bra design 2B.

Proposed solution for next design

The use of boning material provided solution to some extent against twisting but it reduces the flexibility of design. Nevertheless, it exerted unpleasant pressure and created pressure scores. Women suffering from hemiplegia have sensitive skin; therefore, the need was to find some biocompatible material, which can provide solution against twisting by providing stiffness to back panel but did not exert unpleasant pressure. The idea was to use some smart material, which have kinetic effect. The word "kinetic" refers to garments that could have even further reconfigured; whose shape could more fundamentally be altered using heat.

Imagine clothing that could move and morph designs, just with little heat like body heat. All of this can now be achieved in the era of 'smart' or 'technical' textiles, where new technologies are being combined with traditional textile manufacturing to create high performance materials with a whole variety of exciting applications.

Smart Materials

Smart materials are great tools to design radically innovative products that respond to specific user needs. Materials that move introduces a particular category of smart materials able to react to a stimulus acting with a kinetic effect. The general characteristic of these materials is their ability to move. Owing to the movement, that characterizes those produces a change of physical form, we could also name them materials that change shape or kinetic materials.

Their shape changes can be free and casual yet also programmed and controlled. Shape memory alloys are capable to function absolutely silently and relentlessly while requiring minimal space and producing subtle movements. Shape memory wires and polymer fibers have been incorporated into textiles to develop woven fabrics, knitted fabrics, and non-woven fabrics. These kinetic textiles have the ability to return to some previously defined shape or size when subjected to an appropriate thermal procedure. The shape change temperature can be programmed to a desired temperature, depending on the type of SMM (shape memory materials) involved. Usually heating is used to stimulate shape changes such as shrinking, creasing, rolling up, or expanding.

NiTi Shape memory wires

NiTi (sometimes called NiTiNOL, an acronym derived from its composition and place of discovery -Naval Ordnance Laboratory) is the most commercially successful shape memory alloy. NiTi wires and thin filaments have functional and structural properties outperforming other shape memory alloys.

NiTi is relatively easy to process into wires that range in diameter from a few to tens of microns thickroughly the thickness of a human hair. They could have combined with traditional yarns made from cotton or wool to make a variety of different fabric types. The stretch ability of the NiTi wires (due to their super elastic functional property) is similar to the blended yarns so the overall fabric is suitable for use in items like clothing. Moreover, it has proposed to make the back panel in plus size, which will facilitate in donning front fastened bra for the women suffering from hemiplegia. After wearing, with body temperature it will contract and give desired shape, fit and support to wearer. Nitinol wires used in the experiment was purchased from Kellogg's research lab and has specific properties and settings, appropriated to the behavior required to the bra design development. The transformation temperature that triggers the shape memory effect of the wires and its transformation strains have illustrated in Table 3.4. This wire has used in applications, where a shape change due to changes in temperatures (around body temperature) is required; therefore, it is more appropriate for the desired application. The surface condition chosen is the oxide surface, without treatment, have diameter of 0.5 mm and 1 mm. The corrosion property of Nitinol wire is excellent which is very important because it is resistant to deterioration, essential feature to materials that have submitted to washing process. In addition, biocompatibility, which is excellent as shown in table 3.5, is a key factor because the material will be used with a high proximity with the human body[145]. In order to memories shape to these wires, nailed in a specific design pattern. The shape has memorized to nitinol wires through a process of high heating at 500°C for 1 hour, in electric furnace as shown in figure 3.20 and then rapid quenching in room temperature water. 

Evaluation of NiTi wires

Wires of nickel-titanium alloys are known primarily for their two unique properties of super elasticity and the shape-memory phenomenon. This investigation has undertaken to quantitatively analyze the deformation force energy and shape-memory phenomenon of wires made of nickel-titanium alloys.

Deformation force energy

The samples of NiTi wires were analyzed for deformation energy force in order to evaluate the compatibility of these wires with body movements. The properties of wires has given in table 3.6. The prototype bra has developed in plus size and the purpose of inserting Nitinol wires were to get it back to required size, so we need certain amount of force to keep it at required size after wearing. During any physical activity, certain elongation required in order to provide ease of movement to busts but in order to provide proper support, bra should exert certain pressure to hold the busts in order to avoid excessive movement [146]. As the graph in figure 3.22 indicates that, more force is required to deform in case of Nitiol wire of 0.5mm diameter and transition temperature of 20°C.

Figure 3. 22: Comparison of deformation force for each wire type

It means this wire type is quite compatible in order to hold the bra, in required size. As we construct the bra, in plus size and the purpose of embedding Nitinol wires are to reduce the bra size after wearing and retained its shape during wearing. Moreover, this force will not exert extra pressure to body, which cause pressure marks. NiTi wire having diameter of 0.5mm, transition temperature of 20 °C have more tendency to stay at its programmed shape when in contact with human body due to its lower transition temperature as compared to NiTi wire having transition temperature of 35°C.

Shape recovery time of NiTi wires

As results of above, tensile strength test indicates that nitinol wire having transition temperature 20°C is better so that wire was selected for further evaluation. The shape memory wires should recover its shape at body temperature so that any external energy source could have avoided. In order to evaluate the time in which shape memory wires recovered its programmed shape, a test has performed in Instron thermal chamber as shown in figure 3.23.

The purpose of using Instron thermal chamber was to perform test at fixed temperature. A scale has fixed inside chamber and time has recorded in order to see how long it would take to come back to its programmed shape. We have taken 30°C temperature as it is close to human body temperature, which is 35°C.

The reason behind taking less temperature than body temperature was, there will be impact of environmental temperature on garment as well so better to keep it little low so that can relate with actual conditions.

Principle and Development of next prototype

Once the design problem and metrics have defined, the next step in design process was to ideate design solutions by conceiving prototype. The detailed stepwise illustration of wearing conceived bra design C (embedded shape memory wires in back panel) by a woman suffering from hemiplegia has given in figure 3.25. It shows how this design could facilitates wearing of bra for a women suffering from hemiplegia. Software "Maya" has used for creating this illustration. Maya is 3D computer animation software with powerful modeling, rendering, simulation, texturing, and animation tools. doffing comfort in all aspects. As soon as the shape memory wires exposed to body temperature, they reduced the size to desired level and provide preferred shape. All users (n=3) found that the Design 2C exceeded expectations for freedom of movement.

The graph results depicts that the design 2C has used efficiently and comfortably and with a minimum of fatigue. The prototype 2C has judged to be a garment of low physical effort. All Users donned, doffed and wore the bra without any noticeable or verbalized fatigue. The prototype design 2C has rated at a high score for the dimensions of ease of movement, donning and doffing.

Sensory Comfort (Dimension II)

The importance of sensory evaluation of bra has emphasized in the field of apparel, because the foundation garment evokes pressure sensation in women due to direct contact with their sensitive skin. Moreover, there have been a limited number of studies [146,147] on the clothing pressure of brassieres on the breast.

Aesthetic Comfort (Dimension III)

All users said they were pleasantly surprised with the use of shape memory wires at backside.

As the use of shape memory wires have extension and contraction property, which provide solution against twisting as well as facilitates donning and doffing due to extension and contraction property. Furthermore, it did not create any unpleasant pressure at front or back.

Additionally it provide smooth, steady and required as well as desired pressure.

Many of the participants wanted to have current styles of bra and often had in mind a particular style they felt "worked" best for them. This strong preference for specific styles was clearly based on personal experience. Some users stopped wearing bra as they cant wear it independendly. Ratings given to all three designs by the users against different dimensions of aesthetic comfort is presented in the below figure 3.29.

All users were satisfied as it was exactly what they wanted to have. All users gave higher rating to design 2C as compared to design 2A and 2B, because it provide more youthful look by providing appropriate breast support. 

Evaluation by individuals without Physical limitations

Fifteen individuals have contributed to wear test and evaluate the prototype in the same way as the first group. Women in this group reported as evaluators. The same instrument has used for the evaluators and the results reported the same as the user group.

Donning and doffing Comfort (Dimension I)

The Evaluators without physical disabilities presented a favorable picture of their satisfaction with the prototype garment, although somewhat less positive than the Users who had physical disabilities. Ratings given against different dimensions of donning and doffing comfort has shown in below figure 3.30. Design 2C has given greater rating in all aspects of donning and doffing comfort, the reason behind that is the use of shape memory wires. Shape memory wires facilitated donning of bra with single hand as it help by keeping the back side straight and in extended form during wear and after wearing just with body temperature, it transformed to desired shape, fit and size. 

Sensory Comfort (Dimension II)

All evaluators found the prototypes satisfactory, ratings given by evaluators against different dimensions of sensory comfort for all three design of adaptive bra has given in below figure 3.31. Mostly evaluators do not like the use of plastic stays both in design 2A and 2B as it increases the squeezed the breasts as well as increase pressure at back and under breast level.

They greatly "admire" the idea to use shape memory wires at backside as it did not exert any unpleasant pressure while wearing and did not create any skin problems due to its biocompatibility. Bilayer knitted fabric has used in design 2C, which greatly admired due to its moisture management properties and soft texture. 

Aesthetic Comfort (Dimension III)

Mostly evaluators were satisfied with visual appeal the prototypes bra possessed. Ratings given by evaluators against all dimensions of aesthetic comfort is shown in figure 3.32. They mentioned that aesthetic appeal of design 2C is better as compared to design 2A and 2B in all aspects. Design 2C has ability to conceal disability to greater extent along with providing better support to breasts, which ultimately provide more youthful look. 

Smart Bra

Bra has a lot of surface area in steady contact with the thorax over a range of promising skin sites therefore; it could provide a great potential place to stash wearable health technology. Bra-like system for women could be very promising and enable the positioning of many sensors and sensor types in firm contact with the skin. 

Respiratory rate measurement

Respiratory rate is a vital sign used to monitor the progression of illness. An abnormal respiratory rate is an important marker of serious illness especially for patients suffering from hemiplegia. The respiratory disorders caused by stroke can occur in all three sections of the breath; including metabolic respiration, behavioral respiration and emotional respiration [START_REF] Bokaeian | Respiratory disorders associated with stroke and the role of physiotherapy in the treatment of these disorders[END_REF].

Disorder in each of these sections cause many problems in patients. The metabolic respiration disorder called sleep disordered breathing (SDB) is the most dangerous of these diseases.

SDB, which is a risk factor for stroke, may occur due to damage to the central nervous system or inefficiency of the muscular system. Stroke-induced disorders of breathing pattern are typically intermittent and tend to occur more frequently during sleep, perhaps in part because potentially compensatory voluntary control mechanisms are absent during sleep [START_REF] Mohsenin | Respiratory Complications of Stroke. Seminars in respiratory and critical care medicine[END_REF].

There is substantial evidence that alterations in respiratory rate could use to predict potentially serious clinical events such as cardiac arrest or admission to the intensive care unit [149,150].

These studies have shown respiratory rate to be better than other vital measurements such as pulse and blood pressure in discriminating between stable patients and patient at risk [149].

Using changes in respiratory rate measurements patients could have identified as high risk up to 24 hours before the event with a specificity of 95% [START_REF] Mohsenin | Respiratory Complications of Stroke. Seminars in respiratory and critical care medicine[END_REF].

The human respiratory system is responsible for passing into oxygen from air to blood and The piezoresistive effect has been known to those skilled in the art of solid-state chemistry/physics and electronic/ electrical engineering for quite some time; however, its application in textiles for strain sensor development is just a little over two decades old. Textile properties together with current available technology enable ambulatory and remote health monitoring systems to achieve user requirements of a wearable monitoring system, which are washable, wearable, portable and mobile. As a result, users can monitor their own health status in normal daily activities to enhance their quality of life [153].

In this work strain sensor has embedded in a bra to measure respiration rate. The system works by correlating the excursion of the user's thorax to respiration indicators per minute. 

Principle of Prototype development

Strain gauge sensor

The Piezoresistive strain sensor as shown in figure 3.36 was purchased from the company called "Tekscan". It is of very small size, ideal for prototyping and integration. It is made of pressure sensitive ink for high-temperature and high-humidity environments. It is very thin, flexible, and easy to use. Physical properties of strain sensor has given in table 3.7. 

Evaluation of the implemented system

Breathing rate was tested to verify the function of the implemented system with actual respiratory movements. It has to be mentioned that this preliminary examination was under testing conditions to receive verifiable results. A test subject was a certain person (woman suffering from hemiplegia) in a certain position. The smart bra has worn by the test subject who sat steadily on a chair to minimize movement artifacts. The portable interface unit has connected with the smart bra and placed on the desk. In an initial test, the respiration was controlled. The test subject breathed normally and slowly which made the chest move synchronously. The respiration should not be shallow or too deep, so the portable interface unit can receive respiratory related signals of good quality.

Results

The user wears the smart bra after which two wires connected from both ends of the sensor have plugged into ohmmeter as shown in figure 3.37. Signal stability level is very high compared to some other prototype sensors published in literature. There was no recognizable difference in test patterns conducted at different times within the day. Even though initial resistance kept fluctuating over time, it had no detectable adverse impact on the results.

To build a correct system to measure the frequency of breathing, it is necessary to prepare a measuring sensor, equipment that processes the signal, and a monitoring system that converts the signal collected into readable information. The researcher focused only on the first stage of such a system: used piezoresistive sensor to determining changes in resistance related to breathing, which assessed per unit of time in order to measure breath rate. For future, this sensor could be connected to portable equipment that process the collected signals and convert them into readable information.

This work presents an economic application of an ergonomically designed wearable smart bra capable of measuring an array of respiration indices. Results patterns show good agreement with studies done in other parts of the world using similar technologies and instrument such as the Go Direct Respiration Belt, RIP sensors, and so on. Projects of this nature serve to create a product that will assist in raising health consciousness by providing a cheaper means of untethered testing of respiration data, especially outside the hospital environment. It might also allow doctors and physicians to also remotely monitor their patients. It anticipate that further analysis, some of the basic data, will extend the practical, theoretical and non-clinical utility of respiration data.

information could be transmitted through Bluetooth to a smartphone, which processes it and allows for performing emergency calls. 5. The field of wearable systems is still quite young, and no data is available related to cost analysis of smart clothing system. This is another area for further research.

Question de recherche 3

Toutes ces caractéristiques sélectionnées peuvent-elles être incorporées dans un produit 

Question de recherche 4

Le soutien-gorge ayant une grande surface en contact permanent avec le thorax sur toute une série de sites cutanés prometteurs, pourrait-il constituer un lieu potentiel de stockage de technologies de santé portables ?

Un système de type soutien-gorge pour femmes pourrait être très prometteur et permettre de positionner de nombreux capteurs et types de capteurs en contact ferme avec la peau. Comme le montrent les résultats, l'intégration d'un capteur de contrainte piézo-résistif dans la bande du soutien-gorge permet de surveiller les signes vitaux, tels que le rythme respiratoire, sans nuire au confort ou aux performances. Le développement d'un système de soutien-gorge intelligent, prenant en compte non seulement la performance du capteur, mais aussi la capacité de port et l'acceptation de l'utilisateur, a été discuté. Les utilisateurs se sont montrés plus à l'aise avec le système de vêtements de soutien-gorge intelligents et la plupart d'entre eux pensent que l'utilisation d'un système de vêtements de soutien-gorge intelligents améliorera leur état de santé et leur qualité de vie.

Recommandations

Malgré les résultats prometteurs obtenus dans ce travail de thèse, des recherches supplémentaires sont toujours nécessaires, car l'amélioration est un processus sans fin. Le développement d'un système de vêtements fonctionnels et intelligents peut être amélioré de plusieurs façons :

1. Gather detailed information from women suffering from hemiplegia, caregivers and occupational therapists, about specific physical limitations, which influence intimate clothing needs and preferences of users (clothing choice, functional and symbolic needs). (Addresses research questions 1 and 2).

2. Universally designing an intimate clothing product (bra) using data gathered in interviews with women to produce a prototype (functional and symbolic needs).

(Addresses research question 2)

3. Assess the success of the product with women by using wear-testing and survey evaluation (functional and symbolic needs). (Addresses research question 3).

4. Explore the feasibility of performing reliable respiratory monitoring from pressure sensors using bra as platform. (Addresses research question 4).

Summary of Results

For Objective One, detailed information about physical limitations was gathered during interviews from users, caregivers and occupational therapists, demonstrating a variety of limitations distributed throughout the sample of Users (n=3). These physical limitations had been itemized based on reports in the literature and assistance from occupational therapist and caregivers. Analysis of the results showed that upper body strength, difficulty lifting, reaching or carrying, difficulty handling & fingering and limitations of stamina were major problem areas for users. Limitations of head movement, difficulty with range of motion of upper body and incoordination were the second most common problem areas.

For clothing dimensions relating to intimate clothing needs and preferences (Objective One), constricting styles and difficult to manage fastenings caused the most consistent problems with all three users. These findings about clothing dimensions suggest that the researcher's priority, in designing a prototype product for these users was to find a design solution that generated a comfortable, well-fitting bra that allowed for optimum ease of movement for breasts with easy to manage fastenings.

For Objective Two, the researcher created a single design sketch of adaptive bra that accommodated the features suggested during the user interviews by each user to feel comfortable (functional features) and also the aesthetic features that they had indicated they would prefer (symbolic features). The researcher had expected this section of the study to be

The researcher proposes that if the product is designed to satisfy a majority of needs and preferences, but an assortment of sizes are available, the "research through design" principles such as flexibility and equitable use would be applied.

To explore the feasibility of performing reliable respiratory monitoring from pressure sensors using bra as platform. (Objective Four), A Piezoresistive strain sensor was imbedded in bra band. It is clear from results that the embedded sensor can monitor vital signs, such as the breathing rate, without hindering comfort or performance of bra.

Conclusions -Research Questions

Research Question 1. What are the specific physical limitations of a sample of women suffering from hemiplegia and how do these limitations impact their ability to wear currently available ready to-wear clothing especially intimate clothing (bra)?

Specific physical limitations that are common to this group (n=3) of women suffering from hemiplegia can be grouped into following categories, (a) range of motion, (b) motor planning, (c) strength, (d), sensory, (e) stamina, and (f) other. Some categories that presented the most common problems, strength and stamina, impact both the wearing of and styling of bra.

Physical limitations influence the ability of women to find suitable bra in a number of ways.

Significant problem areas for the users were in finding bra that does not constrict them and has easy-to-manage fastenings. The problem with constricting styles could be solved with designing garments that have plenty of room built into them for ease of movement. New generations of fastenings need to be developed that are more user-friendly and can be manipulated by people with a broad range of abilities.

Research Question 2. What are the desirable bra features that allow adaptability for specific physical limitations, maintain a sense of dignity and suitable appearance for this sample of women?

Using a research through design technique, the researcher established common clothing features preferred among users, which could be put into a clothing product (bra). These included the use of bi-layer knitted fabric, flexible magnetic fasteners, center front opening with extended bra fastener, silicon adhesive material under shoulder straps and the most
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L

  'hémiplégie est une paralysie complète sur une moitié verticale du corps, elle est un effet courant de l'attaque cérébrale. L'attaque cérébrale est considérée comme la troisième cause la plus fréquente de réduction des années de vie corrigées du facteur invalidité. Des études antérieures révèlent qu'un accident vasculaire cérébral se produit toutes les 4 minutes seulement en France, soit environ 130 000 par an. Bien que les preuves indiquent que les différences entre les sexes en matière de facteurs de risque d'AVC soient marginales, son impact s'est avéré plus fort chez les femmes, puisque celles-ci représentent plus de 60 % du total des décès dus aux AVC. Les survivants d'accidents vasculaires cérébraux souffrent souvent de complications médicales et d'une invalidité de longue durée. Les perturbations du fonctionnement du système respiratoire et les complications affectant le système respiratoire sont courantes après un AVC. L'hémiplégie restreint la paroi thoracique, ce qui serait dû à une augmentation du tonus musculaire et à la spasticité des muscles de la paroi thoracique du côté affecté. De plus, l'obstacle le plus courant pour les femmes souffrant d'hémiplégie est de mener leurs activités quotidiennes sans problème en raison de douleurs articulaires et d'une mobilité réduite. Le gonflement, la raideur et la sensibilité des articulations sont quelques-uns des effets secondaires qui inhibent la mobilité. C'est la cause principale de la douleur et cela limite également la mobilité pour bouger les doigts ou tenir quoi que ce soit avec eux. Elle limite le mouvement et la flexion des articulations portantes. L'immobilité ainsi que le mouvement douloureux des articulations affectent les besoins vestimentaires des femmes souffrant d'hémiplégie.

L

  'aspect thermique correspond à l'hygroscopicité du tissu des sous-vêtements, à la transmission de la chaleur et au matériau de gestion de l'humidité à structure fibreuse pour les vêtements intimes. Par conséquent, dans la quatrième sous-partie, les matériaux et les méthodes utilisés pour intégrer ces matériaux dans les soutien-gorge adaptatifs ont été examinés. La littérature récente a montré que les fixations magnétiques sont avantageuses car elles sont faciles à utiliser et offrent une fixation adéquate. De plus, les propriétés réactives des fibres visent à améliorer la fonctionnalité du soutien-gorge. Les fibres naturelles de cellulose et de protéines ont toutes deux des propriétés d'absorption dynamique de l'humidité. De plus, les fibres synthétiques ont des capacités de séchage rapide. La structure du tissu lui-même pourrait être conçue pour améliorer les propriétés fonctionnelles du soutien-gorge adaptatif en utilisant une combinaison de fibres naturelles et synthétiques comme objectif global. Des technologies innovantes et de nouvelles méthodes de fabrication ont permis aux chercheurs de développer de nouvelles classes de matériaux réactifs, à la forme changeante et intelligents. En outre, les vêtements intégrant ces matériaux intelligents offrent de nouvelles possibilités d'améliorer la fonctionnalité des vêtements, en particulier dans le cas des vêtements adaptatifs.
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 12 Figure 1.2: Intracerebral Haemorrhage
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 16 Figure 1.6: Factors affecting adaptive clothing
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 8 

  (a) and (b) show a De Bevoise's 1915 bust bodice with the label 'brassiere', and this is taken by many scholars as evidence which supports the bust bodice, rather than the corset, as the direct predecessor of the modern bra. The importance of De Bevoise's invention has been highlighted by Hawthorne (1992) who cites an editorial
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 1718 Figure 1.7: Breast supporter by Luman Chapman in 1863

Figure 1 . 9 :

 19 Figure 1.9: Breast supporter patented by Marie Tucek in 1893

  industry. For example, a corset patented by Chapman indicates the need for different cup sizes for the corset to accommodate the different sizes of the wearer. Whilst this demonstrates that the concept of sizing was in the air, a systematic approach to sizing took some time to be developed [66]. In October 1932, the Formfit Company simply offered three different cup sizes, small, average, and full, for each band size but, by February 1933, S.H. Camp and Company emphasized the need for support for different breast profiles and different degrees of pendulousness by introducing a four letter, cup sizing system. Size A was small and flat to size D for larger and more pendulous breasts [66]. The Warner Brothers Corset Company introduced the Alphabet bra line in 1935, taking credit as the first to offer women a choice of cup sizes! The Alphabet bra line initially offered four different cup sizes A, B, C and D, and then DD (or double D) was added a little later, whilst UK manufacturers labelled cup sizes as Junior, Medium, Full and Full with Wide Waist. It took a further twenty years for UK manufacturers to adopt the Warner Brothers Corset Company bra sizing system when R & W. H. Symington, a leading UK manufacturer, introduced cup sizes for bras.
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 110 Figure 1.10: Modern conventional bra design

3

  Push-Up BraA push-up bra lifts your breasts and pushes them closer while giving you a very prominent cleavage. Push-up bras usually have underwired cups for a gentle lift. They have angular padding that drastically changes the shape and look of your breasts. Starting from level 1 push up, which is a gentle push to a level 3, which is a heavy lift, you can pick the amount of drama you need! 4Underwired BraAs the name suggests, these bras have wired cups, although the cups may or may not be padded. The underwires provide a gentle lift to breast making them look perkier. This style works best for women who feel they have saggy breasts and need that extra lift 5 Convertible/ Multiway Bra

  figure bras as the name suggest has full coverage cups and broader side coverage. Such styles work best with women who have bigger & fuller breasts. These bras prevent slippage and give a much more flattering figure.16Minimizer Bra
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 113 Figure 1.13: Moisture management phenomena of bi-layer cotton/polyester knitted structure
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 115 Figure 1.15: The transformation between the Martesite and Austenite phase in one-way thermal shape memory alloy
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 116 Figure 1.16: The transformation in superelastic shape memory alloy
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 1 Figure 1.17: (a) Underwire bra (b) Various designs of superplastic NiTi underwires
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 18 Figure1.18: An intelligent windows curtains application
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 1 Figure 1.19: A shape memory dress with SMA wires
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 1 Figure 1.20: SMA for use in thermally activated cloth
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 1 Figure 1.21: Transformable clothing

Figure 1 .

 1 Figure 1.22: SMA structure use for bra cup
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 5 L'évaluation du concept est une étape clé dans la détermination de l'efficacité des décisions prises dans le cadre de la conception du soutien-gorge. En portant le prototype, les "utilisatrices" (des femmes souffrant d'hémiplégie) avaient demandé à donner des réponses à des questions qui évaluaient diverses dimensions du produit par des tests d'usure et par des tests d'utilisation. Leurs réponses ont été utilisées pour déterminer dans quelle mesure le prototype répondait à leurs besoins. Un groupe de femmes (personnel administratif et étudiants) sans handicap physique, appelées "évaluateurs" (n=15), a également évalué le prototype par des essais d'usure et des analyses d'enquête. 6) Les femmes souffrant d'hémiplégie ont souvent des problèmes de troubles respiratoires.

  This design practice comprises efforts to structurally and continuously design, refine and envisioned artefact. Watkins proposed seven steps to successful design for functional clothing[107]. DeJonge outlines seven stages to take the researcher from design request through the design evaluation. He put much importance on early development stages in which initial requests had made for a design solution. If the problems are thoroughly accepted, analyzed and defined in the early stages, the rest of the process become more productive. Many new ideas could be generated and then sorted out to pick the most promising one [108]. Kincade suggests that through prototypes construction and evaluation, the feasibility of potential solutions can be explored in a better way[109]. The approach of research-through-design comprises of methods and processes from design practice, has been used as a common methodology in HCI (human-computer interaction) studies[110]. This approach has also been successfully used to develop and test smart garments for rehabilitation[111]. This research builds on the knowledge from therapy, human engineering (ergonomics), textile materials and apparel technology. Given the complexity and multitude of challenges, and in order to balance the various requirements of function, technology and aesthetic, we have been adopting research-through-design approach with the intention of generalizing, applicable and communicable knowledge through the development of prototypes. The functional design process is a conceptual framework addressing user needs or user situations through systematic exploration. Schematic illustration of research through design process has given below in figure 2.1. A loop structure has been created by going back to any of previous steps until completion of a whole problem as well as a series of smaller associated problems. The activities shown in

Figure 2 .

 2 Figure 2.1 are not merely sequential, but overlapping. Each stage begins before the previous one is completely finished.

Figure 2 .

 2 Figure 2. 1: Schematic illustration of research-through-design process

Figure 2 .

 2 Figure 2.2 illustrates the range of comments and concerns about problems recognized by participants about the intimate apparel, especially about the bra, derived from the field data. In figure 2.2 white dots indicate comments of patients and blue dots indicate comments of occupational therapists as well as caregivers.

Figure 2 . 4 :

 24 Figure 2. 4: Functional features of adaptive bra design

  because this information is the basis for the substantiation of the technology of combining the elements of clothing (materials and means of influence). The next stage in adaptive functional clothing design is the manufacture of a prototype product. Evaluation of adaptive functional clothing effectiveness has been performing on mechanical testing of materials used, experimental wearing and the results of survey as shown in figure 2.5.

Figure 2 . 5 :

 25 Figure 2. 5: Schematic design for evaluation of adaptive bra Adaptive clothing has been designing with special materials and fabrics to provide increased comfort for people with reduced mobility who wear it. There are four main traits of adaptive clothing, 1) Breathable, moisture management fabrics,

[

  117]. Wet feeling and wet clinging can be a major source of sensorial discomfort in intimate apparel. Therefore, physical attributes of the fabric surface are of high importance in the overall aspect of fabric sensorial (tactile) comfort. In this section, following parameters have

  is easy to understand but it is comparatively difficult to produce particularly for complex designs. Generally, symbolic notation on graph paper is widely using for the representation of knitted structures. Any type of loop or knitted structure has represented on graph paper with the help of some symbol. There are a large number of horizontal and vertical lines at equal distance, which divide the paper into a large number of squares. Each square has used to represent one loop. The horizontal rows have used as courses whereas vertical columns are used to indicate wales in the knitted structure. The presence or absence of some particular symbol in a square indicates various types of loops or stitches (figure 2.6(a)). (a) A cross mark (x) inside a square represents face loop. (b) A blank circle (o) inside a square represents back loop. (c) A dot (•) inside a square represents tuck loop. (d) A blank square represents float or miss loop. In addition to graphical representation, the knitted structure has been showing with the help of schematic diagram on point paper. The schematic diagram in figure 2.6(b) describes the movement of yarn across the cross-section of needle (point) during loop formation. The techniques of representation of knitted loops as shown in figure 2.7 are internationally accepted and widely used in different countries.

Figure 2 . 6 :

 26 Figure 2. 6: Graphical loop notation

Figure 2 . 7 :

 27 Figure 2. 7: German notation of loop

Figure 2 . 8 :

 28 Figure 2. 8: Fabric compression tester KES-FB3

[

  120].MTS bursting strength test device used is shown in figure 2.9. Pneumatic technique is used for this test. The test sample laid over diaphragm. Increasing compressed air pressure was applied to the underside of the diaphragm and so diaphragm and fabric has forced to distention. The pressure increased smoothly until the test specimen burst. The bursting strength and distension are measured. The measurements is repeated five times from different parts of the samples. Then, the pressure at this distension noted as diaphragm pressure and subtracted from the initial pressure values.

Figure 2 . 9 :

 29 Figure 2. 9: Fabric bursting strength tester MTS EC37
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 2751 measured by using moisture management tester according to the ISO 11092 standard. ISO 11092 standard is the first of a number of Standard test methods in the field of clothing comfort. Influence of Moisture transfer in Functional clothing (Permetest) Permetest developed by Sensora Instrument, Czech Republic, which measures water vapor resistance, relative water vapor permeability and thermal resistance of woven, knitted and nonwoven fabrics [121]. The equipment works on ISO 11092 standard that measures the thermal and water vapor resistance under steady state conditions (sweating guarded hot plate test). Bogusławska-Bączek and Hes, (2013) recently presented the working principle of Permetest as skin model that provides a reliable measurement of the water vapor permeability of fabrics in a dry and wet state[122]. Permetest -often called as a 'skin model' here the instrument used in our study to measure the water vapor permeability of fabrics. Tests were performed in National Textile University, Pakistan. This instrument simulates the wet and dry human skin conditions in terms of thermal feeling and serves for the determination of water vapor permeability of fabrics (Figure 2.10). The instrument works on the principle of heat flux sensing. When water flows into the measuring head, some amount of heat is lost. The instrument measures the heat loss from the measuring head due to the evaporation of water in bare condition and while covered by the fabric. The relative water vapor permeability of the fabric sample has calculated by the ratio of heat loss from the measuring head with and without fabric. Das et al. (2009) reported the water vapor permeability of blended fabrics using Permetest[123].

Figure 2 .

 2 Figure 2. 10: Permetest testerThe results are presented in the equipment as well as via a software connected to a PC. The instrument also allowed recording the test results and calculated simple statistical test, mean, median and standard deviation. The relative water vapor permeability (RWVP) is determined using the formula:

Figure 2 . 12 :

 212 Figure 2. 12: Air permeability tester FX 3300

  Easy to wear with single hand Easy to fasten with single hand Donning Easy to unfasten with single hand And Easy to remove with single hand Doffing Location of fasteners are in optimum grip area Comfort Fasteners are easy to understand and identify Fasteners stand body movements without opening Fasteners have suitable dimensions for handling Is it time and fatigue free? Sensation Comfort Do you feel your breasts squeezed of your breast? Do you feel pressure on the back? Do you feel pressure on the lower part Do you feel the tested bra comfortable as a whole? Aesthetic Comfort Do you feel bra design concealing your disability? As a whole, do you feel your breasts set in a good shape? Do you feel bra design gives you youthful look?

  dans le chapitre précédent. Tout d'abord, un tissu tricoté bicouche à structure nervurée a été développé pour offrir un confort accru aux personnes ayant une peau sensible. Le tricot bicouche a été développé sur un métier à tricoter jacquard à mailles serrées. La face intérieure du tissu a été réalisée avec un fil de polyester hydrophobe (bonne action capillaire). La face extérieure a été réalisée à partir d'un fil de coton hydrophile (bonne absorption et évaporation de l'humidité). Une finition hydrophile a été appliquée à ce tissu. Le tissu a été évalué afin de valider son adéquation avec les besoins et les attentes spécifiques des femmes souffrant d'hémiplégie. Différents tests (structure du tissu, épaisseur du tissu, éclatement du tissu, confort du tissu : gestion de l'humidité et perméabilité à l'air) ont été réalisés et donnent de bons résultats pour la continuité de l'étude. Ensuite, un système de fermeture magnétique a été choisi pour prendre en compte les besoins et les attentes des femmes souffrant d'hémiplégie.L'étape la plus importante du développement du produit a été de créer différents prototypes évoluant en fonction des besoins des utilisateurs évalués après chaque nouveau prototype.Lors de chaque évaluation, deux types d'échantillons ont été choisis : Trois utilisateurs finaux (femmes souffrant d'hémiplégie), Quinze évaluateurs (femmes travaillant dans le personnel administratif et femmes ayant fait des études à l'Université de Haute-Alsace).Une première série de deux prototypes de soutien-gorge (1 et 2) a été conçue avec une ouverture centrale sur le devant en utilisant des attaches magnétiques situées différemment.Lors de l'évaluation de la conception, l'acceptabilité du porteur a été un facteur particulièrement important dans l'évaluation de la perception qu'ont les individus des vêtements adaptés. L'acceptabilité du porteur sur le confort d'enfilage et de retrait (possibilité de porter, d'enlever, d'attacher, de détacher, emplacement des attaches, identification des attaches, fermeté des attaches, dimension des attaches, temps et absence de fatigue). Tous les évaluateurs ont présenté un tableau favorable de leur satisfaction par rapport aux prototypes de soutien-gorge, bien qu'un peu moins positif que celui des utilisateurs finaux qui ont un handicap physique. Tous les participants ont souligné un problème de torsion du panneau dorsal lorsqu'ils portent les prototypes d'une seule main. Il a été observé que, lorsqu'elles portaient des prototypes, les femmes hémiplégiques avaient du mal à le tirer vers l'autre épaule, elles pouvaient l'enfiler, mais la bretelle se perdait derrière et elles ne pouvaient pas l'atteindre. Afin de surmonter ce problème, elle a proposé d'utiliser un matériau de désossage à l'arrière du soutien-gorge. Il a également été observé que les bretelles des soutien-gorge tombaient de leurs épaules. Par conséquent, afin de surmonter ce problème, il a été proposé d'utiliser un matériau adhésif au silicone sous les bretelles.Une deuxième série de prototypes de soutien-gorge a été conçue selon les exigences précédentes (deux prototypes 2A et 2B). Bien que l'utilisation d'un matériau de désossage ait fourni une solution contre la torsion, ce matériau a malheureusement exercé une pression désagréable sur le dos. L'utilisation d'un matériau de désossage a permis d'éviter dans une certaine mesure les torsions, mais il réduit la flexibilité de la conception. Il a donc fallu remplacer le matériau de désossage par un matériau biocompatible intelligent qui change de forme (matériaux cinétiques). La température de changement de forme a dû être programmée à une température souhaitée, en fonction du type de SMM (matériaux à mémoire de forme) concerné. Les alliages de nickel-titane (NiTi-NOL) sont des matériaux intelligents réactifs, qui changent de forme et de super-élasticité dans la plage de température du corps humain.L'idée était d'utiliser des fils en Nitinol dans le dos des soutien-gorge afin d'aider à garder le dos droit pendant le port. De plus, il a été proposé de fabriquer le panneau arrière en taille plus importante, ce qui facilitera l'enfilage du soutien-gorge à fermeture frontale pour les femmes souffrant d'hémiplégie. Une fois porté, le soutien-gorge se contractera en fonction de la température du corps et donnera la forme, l'ajustement et le soutien souhaités à la personne qui le porte. Afin de mémoriser la forme de ces fils, un processus de chauffage élevé à 500°C pendant 1 heure et de trempe rapide dans de l'eau à température ambiante a été réalisé. Un autre prototype de soutien-gorge a été développé en taille plus en insérant des fils de Nitinol pour réduire sa taille après le port (taille requise) et conserver sa forme pendant le port. Les fils de Nitinol ont tendance à récupérer cette forme mémorisée (port) en 2 minutes à 30 °C. Ce nouveau prototype 2C a été évalué avec les prototypes A et B. L'analyse de l'enquête a porté sur les trois dimensions suivantes du confort : enfiler et enlever, confort sensoriel, confort esthétique. Pour le confort d'enfilage et de retrait, la conception 2C a été préférée aux conceptions 2A et 2B en raison de l'utilisation de fils à mémoire de forme, car elle change de forme en fonction de la température et évite la torsion du panneau arrière pendant le port. Pour le confort sensoriel (compression des seins, pression sur le dos, pression sous les seins, confort général), ce tissu spécial offre aux porteurs un toucher doux et lisse. Ce tissu les garde au sec de la sueur, ce qui réduit l'adhérence du tissu. Le tricot bicouche leur apporte également la chaleur souhaitée. En ce qui concerne le confort esthétique (dissimulation du handicap, soutien des seins, aspect jeune), tous les utilisateurs ont été satisfaits car c'est exactement ce qu'ils souhaitaient. Toutes les utilisatrices ont donné une note plus élevée au modèle 2C par rapport aux modèles 2A et 2B, car il offre une apparence plus jeune grâce à un soutien mammaire approprié. L'inspection visuelle a permis de déterminer s'il existait des tendances significatives dans l'exécution des tâches d'habillage au fil du temps. Parmi toutes les participantes, l'habillage du modèle 2C a pris beaucoup moins de temps que celui des modèles 2A et 2B. Après avoir obtenu la satisfaction des utilisateurs et des évaluateurs quant à la conception du soutien-gorge en ce qui concerne la capacité de port, le confort sensoriel et esthétique, nous nous sommes dirigés vers notre dernier objectif, qui était d'explorer la faisabilité d'un système de surveillance respiratoire fiable utilisant le soutien-gorge comme plateforme. Circonférence du changement de poitrine pendant l'inspiration et l'expiration, qui transfère la force ou la pression à la bande du soutien-gorge. Une jauge piézo-résistive intégrée à une bande de soutien-gorge sur la poitrine réagit à la variation de son diamètre en modifiant sa résistance électrique en fonction du cycle respiratoire. Pendant l'inhalation, elle s'étend, ce qui entraîne une augmentation de la résistance, tandis que la résistance diminue à sa valeur nominale pendant l'expiration. Les résultats indiquent que les taux de respiration pourraient facilement être déterminés en incorporant un capteur piézo-résistif dans le soutien-gorge. Le capteur peut surveiller les signes vitaux, tels que le rythme respiratoire, sans nuire au confort ou aux performances. Le développement d'un système de soutien-gorge intelligent, prenant en compte non seulement la performance du capteur, mais aussi la capacité de port et l'acceptation de l'utilisateur, a été analysé. Les femmes souffrant d'hémiplégie étaient plus à l'aise avec le système de vêtements en soutien-gorge intelligent et la plupart d'entre elles pensent que l'utilisation d'un système de vêtements en soutien-gorge intelligent améliorera leur état de santé et leur qualité de vie.
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 31 Figure 3. 1: Fabric preparation; (a) Knitting machine, (b) Machine for hydrophilic finishing

4 .

 4 Fabric has been evaluating in order to validate its suitability for end use. Following tests has selected by keeping in view of specific needs and expectations of women suffering from hemiplegiaFabric comfort (Moisture management & Air permeability)3.1.4.1 Fabric StructureFabric is an essential component of clothing and deserves special consideration especially in next to skin applications. Liquid transporting and drying rate of fabrics are two vital factors affecting the physiological comfort of under garments[START_REF] Supuren | Moisture management and thermal absorptivity properties of double-face knitted fabrics[END_REF]. Moisture management refers to the controlled movement of water vapor and perspiration from the surface of the skin to the atmosphere through the fabric. Liquid moisture management properties in knitted fabrics are affected by their fiber properties, yarn properties, fabric structure and any mechanical or chemical treatments applied on the fabric[134].
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 32 Figure 3. 2: Fabric construction of bi-layer rib structure
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 144 figure 3.3.
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 333435 Figure 3. 3: Thermal comfort properties of bi-layer knitted fabric; (a) Air permeability, (b) Thermal resistance and (c) water vapor permeability
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 7836 Figure 3. 6: Flexible magnetic fasteners
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 37 Figure 3. 7: Step # 1 of ergonomically designed adaptive bra

Figure 3 . 8 :

 38 Figure 3. 8: Step # 2 of ergonomically designed adaptive bra

Figure 3 . 9 :

 39 Figure 3. 9: Step # 3 of ergonomically designed adaptive bra

Figure 3 .

 3 Figure 3. 10: (a) Adaptive bra design 1 (b) Adaptive bra design 2

Figure 3 . 11 :

 311 Figure 3. 11: Comparison between magnetic full away force for design 1 and 2. Data is representing the mean value of 10 samples for each design

Figure 3 . 12 : 1 .

 3121 Figure 3. 12: Comparison of donning and doffing comfort of adaptive bra design 1 and 2 by users
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 314 Figure 3. 14: Problems faced by hemiplegic woman while wearing front fastened bra

Figure 3 .

 3 Figure 3. 15: Step # 4 of ergonomically designed adaptive bra

Figure 3 . 16 :

 316 Figure 3. 16: Adaptive bra design 2A Adaptive bra design 2B

  .

Figure 3 . 17 :

 317 Figure 3. 17: Comparison of donning and doffing comfort of adaptive bra design 2A and 2B by users

Figure 3 . 18 :

 318 Figure 3. 18: Comparison of donning and doffing comfort of adaptive bra design 2A and 2B by evaluators

  Nickel-titanium alloys (NiTi-NOLs) are responsive smart materials, which change their shape and super elasticity within the range of human body temperature. Nitinol has low elastic anisotropic properties, good mechanical properties, high ductility, good corrosion and abrasion resistance, moisture resistance and besides this, it is electrically conductive and biocompatible[144].Subsequently, it has been proposed to integrate Nitinol wires in back panel of bra, the principle on which these wires work is illustrated in the figure3.19. The idea was to use nitinol wires in back side of bra; it will help in keeping backside straight while wearing.

Figure 3 . 19 :

 319 Figure 3. 19: Principle of shape change with temperature for Nitinol wires embedded in back panel of bra

Figure 3 . 20 :

 320 Figure 3. 20: Nabertherm electric furnace

  carried out was based to EN ISO 2062:1993 standards, using tensile strength tester as shown in figure 3.21.

Figure 3 . 21 :

 321 Figure 3. 21: Tensile test method (a) at initial position, (b) medium deformation, (c) linearity of the wire

Figure 3 . 23 :Figure 3 . 24 :

 323324 Figure 3. 23: Shape recovery of NiTi wire with respect to temperature (a) NiTi wire at 30 % deformation (b) NiTi wire back to its programmed shape at 30°C also representing temperature pannel of instron thermal tester at upper right corner

Figure 3 . 25 :

 325 Figure 3. 25: Stepwise illustration of wearing of ergonomically designed adaptive bra

Figure 3 . 26 : 1

 3261 Figure 3. 26: Ergonomically constructed adaptive bra design 2C

Figure 3 . 27 :

 327 Figure 3. 27: Comparison of donning and doffing comfort between bra designs 2A, 2B and 2C by users Design 2C was preferred over Design 2A and 2B due to use of shape memory wires due to its shape changing property with change in temperature along with avoiding twisting of back panel while wearing. Design 2C has made in plus size, which enhanced the donning and

Figure 3 . 29 :

 329 Figure 3. 29: Comparison of aesthetic comfort between adaptive bra designs 2A, 2B and 2C by users

Figure 3 . 30 :

 330 Figure 3. 30: Comparison of donning and doffing comfort between adaptive bra designs 2A, 2B and 2C by evaluators

Figure 3 . 31 :

 331 Figure 3. 31: Comparison of sensory comfort between adaptive bra designs 2A, 2B and 2C by evaluators

Figure 3 . 32 : 3 . 9

 33239 Figure 3. 32: Comparison of aesthetic comfort between adaptive bra designs 2A, 2B and 2C by evaluators

Figure 3 .

 3 Figure 3.33 shows that across all participants, dressing the Design 2C took significantly less time to complete when compared to Design 2A and 2B.

  This system could provide monitoring of a wide range of electrical [electrocardiogram (ECG), electromyogram (EMG)] and mechanical (respirogram, motor activity) physiological signals over extended periods of time. Wearable comfortable systems aid the daily acquisition and processing of multipara-metric health data, providing an early detection of pathological signs and improving the curative rate of disease without interfering with daily life[148].

  photoelastic, and conductivity related properties such as piezoresistance, piezoelectricity, capacitance and inductance[150]. The piezoresistive effect has been known to those skilled in

From

  figure 3.35. In this work, the principal caused by chest movement has used.
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 335 Figure 3. 35: Chest circumference changes in every respiration; (a) In inhalation, abdominal circumference is increased and it put force on the bra band, (b) In exhalation, abdominal circumference decreased and force on bra band decreased

Figure 3 . 36 :

 336 Figure 3. 36: Piezoresistive strain sensor

Figure 3 . 37 :

 337 Figure 3. 37: Ergonomically designed smart bra prototype, embedded with piezoresistive sensor at center front for the measurement of respiration rate

Figure 3 . 38 :

 338 Figure 3. 38: Computation modes of selected respiration indices This section shows the results by using generated signals. In the verification, the signals have measured continuously, so the graphs shown in the results have a snap shot of the test in one

Figure 3 .Figure 3 . 40 :Figure 3 . 41 :

 3340341 Figure 3. 39: respiration rate (breaths per minute) measurement of 1 st woman suffering from hemiplegia in sitting posture

4 .

 4 Bra-like system embedded with different sensor types, could be used to monitor a wide range of electrical [electrocardiogram (ECG), electromyogram (EMG)] and mechanical (respirogram, motor activity) physiological signals over extended periods of time.

  d'habillement pour le haut du corps (soutien-gorge) tout en conservant un attrait et une fonctionnalité universels ? Toutes les caractéristiques sélectionnées (tissu tricoté bicouche, fermetures magnétiques, fils à mémoire de forme, ouverture centrale du soutien-gorge sur le devant ainsi que fermeture de soutien-gorge étendue) ont été incorporées dans un soutien-gorge produit comme prototype dans le cadre de cette étude, à la suite d'une conception conjointe avec les utilisateurs. Les tests d'usure effectués par les utilisatrices initiales et les évaluateurs ont démontré que l'attrait universel et la fonctionnalité pouvaient être maintenus. Les notes du prototype 2C dans toutes les dimensions de confort ont été très bonnes. La majorité des femmes au stade de l'évaluation ont trouvé le prototype de conception 2C tel qu'elles l'avaient imaginé ou mieux qu'elles ne l'avaient imaginé.
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  and Boucher claim that the advent of push-up bras, and the G-string or thong panties[START_REF] Barbier | The story of lingerie[END_REF], provide perfect examples of sexy and comfortable contemporary underwear because they possess the utilitarian functions demanded of modern female underwear. To accommodate the rapid rise in sports participation by women, sports equipment and specialized apparels have been designed for this segment of the population, With this increasing interest from health-conscious consumers, many identified a need to research the support levels afforded by sports bras for the intensity of activity [66]. Research conducted by the Department of Sport and Exercise Science at the University of Portsmouth found that breasts which were unsupported during rigorous physical activity could display permanent breast sag due to stretching of the Cooper's ligament which is partly responsible for holding the breast in position. This research, which was sponsored by Shock Absorber, showed that wearing an ordinary T-shirt bra during exercise reduced breast bounce by an average of 38 per cent whilst wearing a Shock Absorber sports bra reduced breast bounce by up to 74 per cent[66]. Collaboration was also established between Marks & Spencer and the University of Wollongong, Australia, in 2001 and, by 2007 had resulted in the creation of a smart fabric bra which can tighten bra straps and stiffen cups to prevent

	line called 'Sexy Sport' in 2006 to claim its share of the lucrative 358 million USD sports bra
	market [63].
	A British sports bra maker 'Shock Absorber' has invited to be the manufacturer of the 'Sexy
	Sport' line which features trendy colors and sexy design elements such as a padded plunge
	neckline and a convertible racer back. High-tech performance materials such as 'Coolmax R ',
	'Supplex

including several types of sport bras

[66]

.

By the 1990s, sports bras have become normal everyday wear for the multi-activity lifestyle characteristic of the decade

[START_REF] Barbier | The story of lingerie[END_REF] 

and the development of sports bras gained further impetus from burgeoning sales demand. Bra manufacturers, in common with sports footwear manufacturers, began to take a very scientific approach to the research and development of sports bras.

Nike introduced 'Inner Support 'vests with built-in sports bras in 2004, marketing two styles, one for high impact and another for less vigorous exercise or activities. Another sports bra innovation, the ENELL bra, has created by American Renelle Braaten in 2005 and quickly gained popularity in the US due to endorsement by the popular talk show host, Oprah Winfrey. This no-bounce bra was made of a material called Naturex, a high-performance fabric that wicks moisture away while providing strength and long garment life, and features a front closure and wide shoulder straps. It has rumored to be so effective that some insurance companies will cover the cost of the bra when a physician prescribes it for patients recovering from breast surgery. Victoria's Secret also introduced a new high-tech and high-performance R ' and 'Meryl Actisystem R ' used for thermal control, soft hand feel, and quick drying. Sexy Sport introduced the notion of support levels for the intensity of activity from light, medium, firm to maximum and have color-coded with size for consumer convenience. breast pain and sag by responding to breast movement. The era of science and research in bra design and manufacture had clearly arrived, and the underwear industry continues to seek knowledge transfer collaboration with universities as it seeks innovations in both materials and design knowledge.
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: Comparison of selected properties for NiTi and Cu alloys. Vaules have been selected from a more extensive list of comparable properties

[START_REF] Honkala | Introduction to shape memory materials. Intelligent textiles and clothing[END_REF] 
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	1: Fabric parameters

Table 3 .

 3 

	2: Measurement of fabric thickness
	Sr. No.	To
		(mm)
	1	1.360
	2	1.216
	3	1.362

Table 3 .

 3 4: Transformation temperature and strain percentage

	Transformation temperature range	+20 to +35 °C
	Transformation strains up to 1 cycle	Up to 8 %
	Up to 100 cycles	Up to 5 %
	Up to 100,000 cycles	Up to 3 %

Table 3 .

 3 5: Physical properties of SMA

	Shape setting temperature	450 to 500 °C
	Corrosion properties	Excellent
	Biocompatibility	Excellent

Table 3 .

 3 

		6: Properties of NiTi wires
	Sr. No.	Diameter	Transition temperature
		(mm)	°C
	1.	.05	20

Table 3 . 7 :

 37 Physical properties of piezoresistive strain sensor

	Thickness	0.203 mm (0.008 in.)
	Length	25.4 mm (1 in.)**
	Width	14 mm (0.55 in.)
	Sensing Area	9.53 mm 2 (0.375 in. 2 )
	Diameter Connector	2-pin Male Square Pin
	Substrate	Polyester
	Pin Spacing	2.54 mm (0.1 in.)

un problème majeur car elles ne peuvent pas atteindre le corps. De plus, les attaches étaient difficiles à manipuler pour les femmes hémiplégiques en raison de la faiblesse musculaire, de la perte de dextérité des doigts, de la coordination oeil-main et de l'amplitude limitée des mouvements. Elles ont la peau sensible, de sorte que le tissu inapproprié et inconfortable des soutien-gorge actuellement disponibles était un autre problème majeur.Question de recherche 2Quelles sont les caractéristiques souhaitables des soutien-gorge qui permettent de s'adapter à des limitations physiques spécifiques, de maintenir un sentiment de dignité et une apparence appropriée pour cet échantillon de femmes ? En utilisant une technique de recherche par le design, le chercheur a établi les caractéristiques communes des vêtements préférés des utilisatrices, qui pourraient être intégrées dans un produit vestimentaire (soutien-gorge). Ces caractéristiques comprennent l'utilisation d'un tissu tricoté bicouche, des fermetures magnétiques flexibles, une ouverture centrale sur le devant avec une fermeture de soutien-gorge étendue, un matériau adhésif en silicone sous les bretelles et les principaux fils à mémoire de forme. Ces caractéristiques pourraient être utilisées pour l'habillement de populations souffrant d'une série de handicaps physiques dans des applications futures.

Chapter 1-B

Adaptive Clothing

Chapter: 1-C

Intimate Clothing (Brassiere)

Chapter: 1-D

Materials to Incorporate

Shape memory materials (SMM) Suitable for Textile applications

Smart materials respond to external stimulus: to heat, to light, to pressure, and to chemical changes; and they can act by changing shape, harvesting solar energy, conducting electricity or light [START_REF] Vili | Investigating smart textiles based on shape memory materials[END_REF]. Types of smart materials include shape memory alloys and polymers (SMA and SMP), magnetorheological materials (MR), electrorheostatic material (ER), piezoelectric materials (PZT) and electroactive polymers [START_REF] Vili | Investigating smart textiles based on shape memory materials[END_REF].

Shape memory alloys and polymers have both developed into fine monofilaments or wires and thin films offering physical and functional properties on a macroscopic scale that could integrate and utilize to produce active, controlled patterns of movement in flexible materials.

The wide range of properties and potential to be either super elastically or thermally activated, mean SMA and SMP can utilize in many applications to control or sense changes in materials, such as shape, position, strain, stiffness, natural frequency, dampening, friction, and vapor 

Piezoelectric Materials

Piezoelectric materials expand when an electrical field has applied and conversely generate an electrical charge when pressure is applied. Piezoelectric materials are capable of very high cyclic speeds but offer very small units of expansion for a given length. For these reasons coupled with the brittle nature of the material piezoelectric materials are unsuitable for direct integration into textile structures and the production of controlled patterns of movement across a fabric. Possible exceptions to the brittle nature of piezoelectric materials may be polymer based Piezo effect materials such as Polyvinylidene fluoride (PVDF) [START_REF] Zhang | Poly(Vinylidene Fluoride) (PVDF) and its Copolymers[END_REF] that demonstrates flexibility and can be produced in relatively small cross-section forms. In

Chapter 2

Methodology

Chapter Summary in French

Ce chapitre décrit la méthodologie utilisée pour concevoir des vêtements intimes intelligents et fonctionnels pour les femmes souffrant d'hémiplégie. La conception de vêtements traditionnels commence par des informations statistiques sur les personnes, telles que les statistiques démographiques et psychographiques des consommateurs, et intègre les couleurs saisonnières et les prévisions de tendances. Elle ne comporte pas de contact direct entre le créateur et le marché cible (l'utilisateur). À l'inverse, la conception de vêtements adaptatifs/fonctionnels s'appuie généralement sur des informations provenant directement de l'utilisateur dans le cadre d'une interaction individuelle. En accordant une plus grande priorité aux besoins des consommateurs, on favorise le développement de solutions de conception qui améliorent les performances humaines. Les vêtements adaptatifs sont une façon d'intégrer les principes de conception centrés sur l'homme pour obtenir des performances optimales. En ce qui concerne la conception des soutien-gorge adaptatifs, le confort et la facilité d'utilisation en tant qu'objets ergonomiques étaient des exigences du projet. Ce chapitre traite de la manière dont les vêtements adaptatifs pourraient optimiser les performances humaines, aide à conceptualiser le design, ou plus précisément ici les "attributs vestimentaires" qui pourraient aider les femmes hémiplégiques à s'habiller de manière indépendante, et comment ces attributs ont été intégrés dans les vêtements intimes (soutien-gorge). Étant donné la complexité et la multitude des défis, et afin d'équilibrer les diverses exigences de fonction, de technologie et d'esthétique, nous avons adopté une approche de recherche par la conception dans l'intention de généraliser, d'appliquer et de communiquer les connaissances par le développement de prototypes.

Cette pratique de conception comprend des efforts pour concevoir, affiner et imaginer des artefacts de manière structurelle et continue. Cette recherche s'appuie sur les connaissances issues de la thérapie, de l'ingénierie humaine (ergonomie), des matériaux textiles et de la technologie de l'habillement. Le processus de conception fonctionnelle est un cadre conceptuel qui répond aux besoins des utilisateurs ou aux situations des utilisateurs par une exploration systématique. Une structure en boucle a été créée en revenant à l'une des étapes précédentes jusqu'à l'achèvement d'un problème entier ainsi que d'une série de problèmes associés plus petits. En plus des nombreuses itérations, nous avons constaté qu'il est avantageux de passer d'une perspective à l'autre.

Le processus de recherche par la conception est basé sur les principes de base suivants : Let us talk about the kinds of clothing that would make it easier for you to dress patients.

 Which garments are easiest to put on? Why? Most difficult? Why?

 Tell me about the kinds of clothing items people struggle most with. When thinking about functional clothing, where should designers start? Which garments are most in need of design improvements?

 Are there specific bra styles, or bra details that you suggest patients look for?

 Have you considered any solutions that might be incorporated into a bra design?

 What about tricks? What kinds of strategies do you recommend to patients? To help them to be more organized. To help them conserve their energy?

The summary of respondents is listed in Table 2.1. Users had experienced problems with all of the physical limitation categories (e.g., range of motion, motor planning, strength, stamina and sensory). In responses from hemiplegic women, most participants claimed their requirement in the bra design should be of easy do-on and do off. All users had some type of problem with fastenings. Fasteners located in the back of the garment were a major problem in case of bra. Most users were either unable to reach around their body or they could reach around for a limited period of time but not enough stamina to work in a particular spot for any length of time, to manipulate the hooks and eyes which are normally used on traditional bras available in market. 

Chapter 3

Product Development

To investigate clothing wearing fabric-skin contact sensation, a data set of subjective sensory evaluation from previous wear trail study has used and their evaluation given in the form of ratings to different dimensions of sensory comfort for all three designs of bra, in below graph 3.28. The prototypes have considered comfortable by all three of the users.

Figure 3. 28: Comparison of sensory comfort between adaptive bra designs 2A, 2B and 2C by users

In design 2A boning material has used at under breast level in order to avoid twisting of back side of bra while donning and doffing, which has a highlighted problem during interview session, in case of front-fastened bra. However, the use of boning material created extra pressure at under breast level as well as at backside. In design 2B, more number of plastic stays (boning material) have used. Unfortunately, these plastic stays reduced the elasticity of material at backside; additionally these plastic stays have exerted unpleasant pressure at under breast level, back side as well as created breast squeezing. Conversely, in design 2C the use of shape memory wires in back panel did not exerted any unpleasant pressure on back panel.

One user considered the prototype design 2C to have a level of construction that they had expected, and other two considered it to have a higher level than expected. The main reason behind this satisfaction was the use of bi-layer knitted fabric and transformable back panel embedded with shape memory wires. This special fabric provide them smooth and soft feel.

This fabric keep them dry from sweat, which reduces clinginess of fabric. Bi-layer knitted fabric also provide them desired warmth. Caregivers of women suffering from hemiplegia (users) described the ease of using the magnetic fasteners for all three prototypes and the user's positive comments related to prototype' style and fabric texture. Caregivers reported the women's negative comments regarding the use of boning material due to creation of unpleasant pressure, which lead to pressure scores. Caregivers reported positive comments about style, fit, and comfort of the prototype 2C due to use of shape memory wires.

Chapter 4

Summary, Conclusions and Recommendations

Chapter Summary in English

Conclusions -Research Questions

Research Question 1. What are the specific physical limitations of a sample of women suffering from hemiplegia and how do these limitations impact their ability to wear currently available ready to-wear clothing especially intimate clothing (bra)?

Analysis of the interview results showed that upper body strength, difficulty in lifting, reaching, handling, deflect in hand/eye coordination, limitations of stamina and sensorial discomfort were major problem areas for users.

These Physical limitations influence the ability of hemiplegic women to wear bra in a number of ways. Fasteners located in the back of the bra were a major problem as they were unable to reach around their body. Moreover, Fasteners were difficult for the hemiplegic women to manipulate because of muscular weakness, loss of finger dexterity, eye/hand coordination, and limited ranges of motion. They have sensitive skin so Inappropriate and uncomfortable fabric of currently avail bra was another major area of problem.

Research Question 2. What are the desirable bra features that allow adaptability for specific physical limitations, maintain a sense of dignity and suitable appearance for this sample of women?

Using a research through design technique, the researcher established common clothing features preferred among users, which could be put into a clothing product (bra). These included the use of bi-layer knitted fabric, flexible magnetic fasteners, center front opening with extended bra fastener, silicon adhesive material under shoulder straps and the most important shape memory wires. These features could be used for clothing for populations with a range of physical disabilities in future applications.

Research Question 3. Can all these selected features be incorporated into an upper body clothing product (bra) and still maintain universal appeal and functionality?

All the selected features (bi-layer knitted fabric, magnetic fasteners, shape memory wires, center front bra opening along with extended bra fastener) were incorporated into bra produced as a prototype in this study as a result of co-design with users. Wear-test evaluations by both the original users and the evaluators demonstrated that universal appeal and functionality could be maintained. Ratings of the prototype design 2C in all comfort dimensions were very good. The majority of women in the evaluation stage found the prototype design 2C just as they envisioned or better than they envisioned.

Research Question 4. As bra has a lot of surface area in steady contact with the thorax over a range of promising skin sites therefore; could it provide a potential place to stash wearable health technology? Bra-like system for women could be very promising and enable the positioning of many sensors and sensor types in firm contact with the skin. As the results shows that embedding of Piezoresistive strain sensor in bra band was capable of monitoring vital signs, such as the breathing rate, without hindering comfort or performance. The development of a smart bra system, considering not only the sensor performance, but also the wear ability and user acceptance has been discussed. The users were more comfortable with the smart bra clothing system and most of them believe that using a smart bra clothing system will improve their health condition and their quality of life.

Recommendations

Despite promising results obtained in this thesis work but further research is always needed, as improvement is a never-ending process. The development of functional and smart clothing system can be further improved in several ways:

For future studies, the following recommendations are made.

1. The number of individuals comprising the user sample of "women suffering from hemiplegia" could be increased in number and in variety of physical disabilities.

2. Future applications of the research findings might utilize a line of garments with minimum variability from the prototype developed in this study, fabricated in a variety of ways.

3. For future, this sensor could be connected to portable equipment that process the collected signals and convert them into readable information. Furthermore, this

Chapter Summary in French

Conclusions -Questions de recherche

Question de recherche 1

Quelles sont les limitations physiques spécifiques d'un échantillon de femmes souffrant d'hémiplégie et comment ces limitations affectent-elles leur capacité à porter les vêtements prêts à porter actuellement disponibles, en particulier les vêtements intimes (soutien-gorge) ?

L'analyse des résultats des entretiens a montré que la force du haut du corps, la difficulté à soulever, atteindre, manipuler, dévier la coordination main/oeil, les limitations de l'endurance et l'inconfort sensoriel étaient des problèmes majeurs pour les utilisatrices.

Ces limitations physiques influencent la capacité des femmes hémiplégiques à porter un soutien-gorge de plusieurs façons. Les attaches situées à l'arrière du soutien-gorge constituent This research study addressed a specialized product development problem faced by a specific group of individuals or target customers: women suffering from hemiplegia. In order to maintain their dignity and to be self-sufficient in society, these individuals (the users) wanted to have comfortable and appropriate intimate clothing to wear. Currently no appropriate choices exist for them. This study in specialized product development examined the process of developing a clothing product (bra) to satisfy user needs. Within the framework of assessing user needs and applying systemic changes, the concept of "Research through

Design" was also explored, to determine if this might be a suitable product development method of obtaining optimum satisfaction for users, with respect to physiological, sensorial and aesthetic comfort. Furthermore, a smart clothing system for respiratory monitoring was introduced, with a focus on sensor and clothing design and subsequent system evaluation. A resulting framework for specialized product development, which could be extended to a broader range of future specialized products, served as a model for the study.

Research Questions and Objectives

The specific research questions were as follows:

1. What are the specific physical limitations of a sample of women suffering from hemiplegia and how do these limitations influence their ability to wear currently available ready to-wear clothing especially intimate clothing (bra)?

2. What are the desirable bra features that allow adaptability for specific physical limitations, maintain a sense of dignity and suitable appearance for this sample of women?

3. Can all these selected features be incorporated into an upper body clothing product (bra) and still maintain universal appeal and functionality?

4. As bra has a lot of surface area in steady contact with the thorax over a range of promising skin sites therefore; could it provide a potential place to stash wearable health technology?

In order to answer these four research questions, the following objectives were developed:

challenging, but, in fact, the process of assimilating each user's needs and preferences into a single prototype garment was easier than expected because of the similarity of the body and clothing problem areas. Two prototypes (design 1 and design 2) were made in three sizes according to the measurements taken during user interviews. They were constructed with bilayer knitted fabric in rib structure in order to get optimum thermal and moisture management properties. Magnetic fasteners were used at center front of bra with two different designs of extended bra fastener.

To assess the success of the product (Objective Three), first of all, all parameters of fabrics were tested according to its end use. Furthermore, in order to evaluate the ergonomic comfort of prototype bra design, two groups of consumers were used. One was the original group of users with physical disabilities (hemiplegia), and the other was a group of women with no known physical disabilities. Both groups positively evaluated the prototype. The original group of users found the following categories "better than they had envisioned": Easy-tomanage fastenings and Ease of movement. Fastenings were consistently rated as exceeding expectations for both groups of women.

The highlighted problem from both groups of women was lack of wear-ability of both prototypes with single hand due to twisting of back panel. In order to overcome this problem boning material was introduced in back panel of bra. Two prototypes (design A and design B) were constructed by using boning material at different places. Both prototypes were again evaluated by users and evaluators. For both group of users especially for users, one prototype in which boning material was used at under breast level got higher ratings for "donning and doffing" comfort. The reason behind this was its wear-ability with single hand and Easy-tomanage fastening. Nevertheless, the use of boning material exerted unpleasant pressure at backside. In order to overcome this issue along with providing better donning and doffing comfort, a prototype (design C) was developed, in which shape memory wires were used in back panel. This prototype was compared with previous prototypes by both groups of women.

Donning and doffing, Fastening, Coverage in needed areas, and adaptation of features were most often rated as exceeding expectations for the prototypes in which shape memory wires were used in back panel. Prototype with shape memory wires got greater rating than other two prototypes in terms of sensorial and aesthetic comfort as well. Time study analysis was also conducted which also strengthen results of survey analysis. As per time study analysis, prototype C took significantly less time for donning and doffing as compared to design A and B.

important shape memory wires. These features could be used for clothing for populations with a range of physical disabilities in future applications.

Research Question 3. Can all these selected features be incorporated into an upper body clothing product (bra) and still maintain universal appeal and functionality?

All the selected features (bi-layer knitted fabric, magnetic fasteners, shape memory wires, center front bra opening along with extended bra fastener) were incorporated into bra produced as a prototype in this study as a result of co-design with users. Wear-test evaluations by both the original users and the evaluators demonstrated that universal appeal and functionality could be maintained. Ratings of the prototype in all comfort dimensions were generally good. The majority of women in the evaluation stage found the prototype just as they envisioned or better than they envisioned.

Research Question 4. As bra has a lot of surface area in steady contact with the thorax over a range of promising skin sites therefore; could it provide a potential place to stash wearable health technology? Bra-like system for women could be very promising and enable the positioning of many sensors and sensor types in firm contact with the skin. As the results shows that embedding of Piezoresistive strain sensor in bra band was capable of monitoring vital signs, such as the breathing rate, without hindering comfort or performance. The development of a smart bra system, considering not only the sensor performance, but also the wear ability and user acceptance has been discussed. The users were more comfortable with the smart bra clothing system and most of them believe that using a smart bra clothing system will improve their health condition and their quality of life.

Prospective

For future studies, the following recommendations are made.

6. The number of individuals comprising the user sample of "women suffering from hemiplegia" could be increased in number and in variety of physical disabilities.

7. Future applications of the research findings might utilize a line of garments with minimum variability from the prototype developed in this study, fabricated in a variety of ways.

8. Future project need abundant corporations between the researchers from humancomputer interaction, rehabilitation, advanced textile technology, biomedical, electronic engineering and industrial design. To build a correct system to measure the frequency of breathing, it is necessary to prepare a measuring sensor, equipment that processes the signal, and a monitoring system that converts the signal collected into readable information. The researcher focused only on the first stage of such a system: used piezoresistive sensor to determining changes in resistance related to breathing, which assessed per unit of time in order to measure breath rate. For future, this sensor could be connected to portable equipment that process the collected signals and convert them into readable information. Furthermore, this information could be transmitted through WiFi to a remote server where such data are processed and displayed. It could also be transmitted through Bluetooth to a smartphone, which processes it and allows for performing emergency calls.