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Structural integration of antennas into the vehicle body
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Challenges

With the evolution of wireless technologies and the growing demand for antenna systems, many challenges present themselves in the automotive field. Indeed, the automotive industry is facing a proliferation of wireless communication systems in vehicles. Then, on one hand, a growing demand for multiantenna systems is rising in order to reduce the number of radiating elements, but on the other hand, the implementation of new technologies with specific antenna constraints like MIMO is now required in cars. It is therefore difficult to extrapolate the solutions obtained to different types of vehicles. The result is an increase effort in design and integration, which are repeated for every new model. Many researchers tended to integrate antennas in the shark fin radomes [2] and in the rods [3], but in this kind of antennas the car aesthetic is damaged and limited communication systems can be integrated into them. Other solutions integrate antenna in the vehicle glasses [4],

and translucent pane [START_REF] Song | Transparent disc assembly with integrated antenna[END_REF] but in this case cables may be present, which is not advantageous. New studies are in progress, and they are intending to use the vehicle's body [START_REF] Yaoquan | A kind of automobile and the Multi-Function Antenna being mounted in automobile back door spoiler[END_REF] for antennas integration. Some of them are using the vehicle front design, others are using the vehicles doors and the vehicle back side [START_REF] Slovesko | Vehicle roof structure with integrated electrical connectivity module and methods for making the same[END_REF]. Most automotive car makers find the roof as an ideal place to integrate antennas, because it is the highest point on the vehicle, so it can provide good reception in every direction without any blockage [START_REF] Koch | Antennas for Automobiles[END_REF]. The windows, the glasses and their frames are a common method for the antenna integration as well; this method is cheap and effective for the integration of some typical antennas [START_REF] Koch | Antennas for Automobiles[END_REF].

Below is a simplified diagram of these challenges.

Figure 1-Main challenges in the automotive field

Several communication systems are integrated in Renault vehicles, which is equivalent to the integration of several antennas. In what follows, Table 1 summarizes the different antennas present in Renault vehicles, as well as their current integration and whether they will be present in future evolutions and if the number of antennas will increase. 

Context

In order to limit the integration challenges, strategies which consist in grouping several communication subsystems in pre-established zones are already being studied. Like the shark fin antenna which combines the GPS, AM and FM, everything depends to a multimedia system.

Figure 2-Antenna system comprising several communication subsystems [62]

A solution that brings together all the subsystems, called "smart antenna" is already proposed, which consists in grouping together all the technologies in one location. Thus, the antenna wiring problem will be solved because the place of the Electronic Control Unit (ECU) will be in a box just below the smart antenna. But this model has constraints. The first one is the design: the smart antenna will impose an external appearance that may not be favored by the designers. Moreover, it is too complicated to integrate everything into a single design and to mention that such an architecture will change the place of the ECU which will create new architectural problems. This antenna has safety risks, because for example in case of an accident this antenna can break and lose all communications. Ecall backups are considered. 

Shark Fin Antenna

Solutions

Two families of solutions have been considered:

• Improvement of the antenna design as a separate part of the body.

• Co-development of antennas as constituent elements of the structure of the vehicle.

These two families of solutions will be explored in the rest of the report to present the various contributions.

Identification and sorting of technologies

In the following, a projection of a frequency benchmark of all existing communications systems that exists and may exist in the future in vehicles is presented.

As a source of information, we analyzed information from the spectrum regulators and information belonging to the Renault system. The result of this study is a chart representing the general view of all existing communication systems (Figure 4). In these allocation charts, all the technologies with complete lines are existing technologies, while all technologies composed of dashes are projected technologies.

Smart Antenna

Figure 4-General view of all existing communication systems

A sorting of technologies is then done, and it is presented according to two new frequency allocation charts:

• Usages inside and outside of the vehicle (Current + Projected) (Figure 5).

• Regional configurations (Current + Projected) (Figure 6).

Subsequently a table is presented below summarizing the technologies, their uses and to which system they belong. Table 2-Usage of technologies in the vehicle will detail how the different technologies may be used for internal and/or external applications. 

Outline of the Thesis

This thesis presents a method of structural integration of antennas into the vehicles body. Thus, the first chapter will be on GPS antennas. It will begin with a state of the art on circular polarization antennas and slot fed antennas, then we will do a study on an industrial FR4 GPS antenna and then several designed GPS models will be presented. A model will be maintained, prototyped, and then compared to the antenna of the market presented previously. In this first part, the spoiler was used as one of the substrates of our antennas. For this reason, it was important to characterize the electromagnetic properties using a simple method.

In the second chapter, a study in terms of state of the art, design and simulation of several canonical antenna models will be made. The different canonical models were investigated under three center frequencies representing the cellular communication bands including the sub-6 of the 5G bands. A study on the integration of the canonical antennas investigated and on the best placement in the vehicle of two native Vivaldi antennas will be discussed.

In the third chapter, we will present a new original designed Vivaldi model and we will talk about the integration in a native spoiler of this new Vivaldi antenna design.

In the fourth chapter, a state of the art on the placement of the antennas integrated in the vehicle will be presented. And finally, the total system will be integrated into a Renault vehicle, which is the model Zoe, and measured at the CTA in Aubevoye. This work will end with a small study on the MIMO performance of this system.

This manuscript ends with a conclusion and some possible perspectives for this work.

GPS Antenna

This chapter exposes the evolution of the GPS antenna, and its essentiality in human life. GPS antennas are integrated into different devices as in cell phones [START_REF] Wang | Mobile phone antenna[END_REF], watches [START_REF] Sayah | Design and analysis of conformal antennas for smart watch[END_REF], glasses [START_REF] Haydar | Design and analysis of conformal antennas for smart glasses[END_REF], cars [START_REF] Alsayah | Smart Use of Vehicle's Existing Plastic Substrates for GPS Antenna Integration in Automotive Applications[END_REF], etc, and for several purposes. The most important use is the calculation of the itinerary between two points, to find routes and points of interest.

This chapter is divided into three essential parts:

1.1. State of the art on circular polarization, slot fed antennas and GPS antennas.

1.2. Presentation of the reference antenna which is an antenna based on a FR4 substrate.

1.3. Presentation of three models designed for the GPS antenna and comparison of the simulation and measurement of the model we chose to prototype.

State of the art 1.Circularly Polarized Antennas

Nowadays most areas of life require low-profile antennas (planes, trains, medical field, cell phones, vehicles ...). Therefore, one of the most used antenna models is the microstrip patch. These latter can be designed in linear or circular polarization. In the case of satellite signals coming from space, these can be depolarized due to atmospheric propagation, and it is better to use circularly polarized radiating elements. Circular polarization and especially right-hand circular polarization allow maximum signal reception through the antenna when the patch surface has a clear view of the sky [START_REF] Linx | GNSS Antennas[END_REF].

Figure 7-Illustration of the circular polarization [14]

Many reasons lead us to choose circular polarization for the GPS antenna application [START_REF] Frc | Polarization Types[END_REF]:

• Circularly polarized signals are better at penetrating obstacles because they generate reflected signals that are sent in the opposite orientation avoiding conflict with the propagating signal.

• Linear polarized antennas are more susceptible to multi-path due to increased probability of reflection. Interference of out of phase radio signals can cause dead spots.

• Circular polarization is more resistant to signal degradation due to weathering, which affects signal polarization in particular like Faraday effect.

• Line-of-sight: When a line-of-sight path is hampered by light obstacles, circular polarization is effective in establishing and maintaining communication links.

• Circular polarization is more suitable for moving objects, which can be found in all possible angular orientations with respect to the incident signal.

Patch Antenna

According to the literature [START_REF] Balanis | Antenna Theory: Analysis and Design, 3rd Edition[END_REF], it was specified that the circular polarization can be obtained by using several arrangements of feed or by doing some modifications in the structure of the patch. It can be obtained if two orthogonal modes are excited with a phase shift of 90• between them. This can be accomplished by adjusting the physical dimensions of the patch and using one or more feed point. Circular polarization can be acquired on square patches as well as on circular patches. For a square patch element, the easiest way to excite a circular polarization is to feed the element at two adjacent edges to excite two orthogonal modes. It is also the solution giving the largest bandwidth in terms of circular polarization, but its main drawback is the feeding circuit which can be cumbersome.

The quadrature phase shift is obtained by supplying the element with a -3dB 90• power divider Several other ways to create circular polarization can be used, such as:

• Realizing a very thin slot with specific dimensions in a square patch (Figure 10 (a)).

• Truncating two opposite corners of a square patch fed on points 1 or 3 (Figure 10 (b)).

• Making slightly elliptical a circular patch fed at 45° to its axes (Figure 10 (c)).

• Using two orthogonal feeds with a hybrid coupler 

Ring Slot Antenna

Several researchers have worked on this subject to integrate circularly polarized antennas in different research fields. Some studies have also shown that circular polarization can be obtained with ring slots [START_REF] Mu | An annular-ring slot antenna for circular polarization[END_REF], dipoles [START_REF]Electrical 4U, Dipole Antenna: What is it? (And the Types of Antennas)[END_REF] … In [START_REF] Mu | An annular-ring slot antenna for circular polarization[END_REF], a ring slot was designed to cover two frequency bands and work under a circular polarization. Figure 11 shows L-shaped microstrip line which is used to power the antenna. The width W of the terminal arm of the coupling strip affects the impedance matching and the length L influences the circular polarization performance of the antenna. The L shaped is connected to an impedance transformer and a 50-ohm microstrip line. 

Slot Fed Patch Antenna

The basic model of slot fed antenna is presented below: This antenna is designed by a minimum of two dielectric substrates, separated by a ground plane.

The radiating element should be placed above the dielectric substrate having the lower relative permittivity and the microstrip line should be printed at the bottom of the second substrate that is set below the ground plane.

A slot should be cut on the ground plane, to couple the patch and the feeding line.

The slot should be centered below the patch and the center of the slot should be perpendicular to the feeding line for a maximum coupling.

The width of the aperture should be small.

The equations to calculate the size of the patch is as follow:

[40] 𝑊 = 1 2𝑓𝑟√(µ0𝜀0) √ 2 𝜀𝑟+1 = 𝑉0 2𝑓𝑟 √( 2 𝜀𝑟+1 ) (1.1) 𝐿 = 1 2𝑓𝑟√(𝜀𝑟𝑓𝑓)√(𝜀0µ0) -2ΔL (1.2)
This model works under a linear polarization.

The slot-fed antenna can be designed to work under circular polarization as well.

In [START_REF] Głogowski | Circularly Polarized Aperture Coupled Stacked Patch Antenna Element for Ka-Band[END_REF], a circular polarized slot fed antenna was designed. The initial structure was composed by a circular patch with a ground plane and a feed opening cut on it representing a cross slot to achieve circular polarization. In order to excite the patch with two orthogonal modes with a phase shift of 90∘, one of the slots is longer than the other. An air gap of 1 mm was introduced between the radiating element and the ground plane to increase the axial ratio bandwidth.

Another method was used to increase the axial ratio bandwidth by adding another radiating element and replacing the cross slot by a dog bone slot. An air gap was introduced as well between the two radiating elements. 

Multilayer-Multiband Patch Antenna

A dual band circular polarized aperture antenna design operating at S-and X-band is presented in [START_REF] Liberto | A Dual-Wideband Circular Polarized Shared-Aperture Antenna for CubeSat Applications[END_REF]. The use of air gaps was avoided, giving the design robustness against vibrations. A multi-layer substrate assembly is selected for the antenna implementation. The circular polarization was achieved using a single feeding point for each standard by truncating the corners of the two patches of the intermediate layers and using a curved dipole on the last layer (Figure 14), which maintains level of axial ratio (<3dB). 

Cross Slot Fed Antenna

In [START_REF] Kim | A Single-Feeding Circularly Polarized Microstrip Antenna with the Effect of Hybrid Feeding[END_REF] a circular polarized antenna working at 2.4GHz is presented. The antenna is composed of two layers of substrates and an airgap between them. (Figure 15) The patch is on the top layer, and the series feeding line under the bottom layer is positioned close behind the cross-aperture. Duroid and FR-4 substrates were used respectively for the upper and lower layer. To create a 90° phase difference for the circular polarization, a quarter-wavelength section of feeding line was positioned between each arm. Therefore, series feeding line was placed behind the cross-aperture. A wide axial ratio bandwidth was obtained (4.6%) due to the symmetrical feeding of the cross and high gain (8 dBic) is provided because of the short length of the cross aperture.

GPS Reference Antennas

To be able to compare our antennas to the state-of-the-art antennas, two models of antennas dedicated to GPS standard and suitable for vehicular integration are presented in this section.

The first model (Figure 16) [START_REF] Ramdani | Single Coaxial Feed Microstrip GPS Antenna Aimed at Wearable Device Application[END_REF] consists of a simple square patch antenna of dimensions 70x70x1.6 mm 3 fed by a connector placed in a way as to generate the right-hand circular polarization.

Figure 16-First GPS antenna reference [64]

A rectangular slot is placed in the middle of the patch to disrupt the assignment of the current distribution. The principle used here to generate the circular polarization is close to that illustrated in figure10-a. Four other slots are placed at each edge of the patch which make it possible to optimize the desired resonance frequency and the axial ratio. This model presented a frequency bandwidth of 2%, an axial ratio of 1.52 and a gain of 3 dBic.

The second model (Figure 17) [START_REF] Rusdiyanto | Antenna Integrated with Low Noise Amplifier Operating at L1 GPS Application[END_REF] consists of a square antenna of dimensions 40x40x1.6 mm 3 fed by an inverted L with a small stub to obtain an optimal circular polarization. The rectangular patch has a slot on the left side to reach the resonant frequency. Thus 4.4% of frequency bandwidth is achieved, 1.2 of axial ratio and a gain of 1.86 dBic. 

Ceramic Reference Antenna

To better compare with reality, we first made a study on an industrial GPS antenna working under circular polarization. In such a way we designed a 90° hybrid coupler on a FR4 substrate with a thickness of 1.6 mm to feed this antenna. Then we integrated the antenna in a spoiler, and we measured all the radioelectric characteristics in order to be able to later compare the behavior of the antennas that we were going to design, which will be presented in section 1.3, with this one, under the same conditions of working. Figure 18 represents the technical constitution and dimensions of the antenna.

Figure 18-Dimensions of the circular polarized antennas

First of all, the antenna was designed on CST Microwave Studio to be able to create the 90° hybrid coupler and to be able to compare the simulated and measured results of the whole structure (antenna + coupler).

Table 3 shows the different dimensions obtained for this structure. The results are promising for this ceramic antenna and will let us compare our GPS antennas to this industrial ceramic antenna.

Table 3-Dimensions of the substrate and microstrip lines of the antenna

Spoiler GPS Antenna

Considering the manufacturing and the radioelectric constraints of the antennas (open space, electromagnetic visibility, …), and the adaptability to the greatest number of vehicles, the installation location chosen for the antennas is the rear upper spoiler (Figure 23), a plastic body element reported on the tailgate of many tourism vehicles.

This place was chosen for several reasons:

1-It is the only plastic part which is a little wide and which is at the top of the vehicle.

2-This part that will last in the vehicle for a good time. (It will not be eliminated from the vehicle).

3-All the antennas integrated during the thesis are antennas for external communication. Therefore, it was necessary to choose a discreet outdoor location. 

Characterization of the Spoiler

The design of antennas requires as precise a knowledge as possible of the electromagnetic characteristics of the materials which will support them or in which they will be made. That's why the characterization of the material of the spoiler of the vehicle, part of the vehicle chosen for the integrations of our antennas, in terms of relative permittivity and loss tangent is essential for our research.

Spoiler Characterization Methodology

In this part, the characterization methodology of the spoiler is presented in the flow chart below.

This characterization was done through different antenna solutions presented below. From the measurement results, we went back to the characteristics through the theoretical equations and the simulation tools. For this characterization, we made four different structures basically produced as a simple patch for which the plastic material of the spoiler served as a dielectric material to support the metallization. For each structure, the radiating element and the ground plane were located in different places and have different sizes.

The basic model of those four structures is shown schematically in Figure 25. As the dielectric between the radiating element and the ground plane metal parts strongly determines the resonant frequency and the performance of the antenna, the initial goal from this experience was the characterization of the spoiler in terms of relative permittivity (epsilon r, 𝜀𝑟) and electrical dissipation factor (tangent  tg).

At the beginning, the measurements of the four models were made using a VNA to extract the input impedances.

Radiating element Plastic substrate Ground plane

Measured reflection coefficient of the four cases are presented on figure 28: The red curve is not very well adapted because of the placement of the feeding point which does not respect the approximate rule of 2/3 -1/3 of the length. But this is not very important because the objective was just to observe a resonance to characterize the material constituting the spoiler. The relative permittivity was then calculated for each model according to the formula:

f = 𝟏 𝟐𝑳 * √𝜺𝒓 * √𝝁𝟎 * 𝜺𝟎 (1.3)
A raw value of 𝜀𝑟 was determined around 2.6.

From a theoretical point of view the calculation gave us a frequency the same frequencies for the minimum of S11 from the starting point.

The four prototypes were then tested in the Stargate SATIMO for the purpose of extracting the radiation measurements.

Figure 29 shows the settlement of a part of the spoiler in the Stargate SATIMO. 

Figure 30-Measured efficiency of the four antennas

The maximum total efficiency is approximatively the same in both cases of painted and not painted spoiler which shows that the paint has practically no effect on the measurements.

To determine tg it was necessary to calculate the value of the radiated efficiency for every frequency using the following equation.

Radiated efficiency =

𝑇𝑜𝑡𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

1-𝑆11^2

The values are presented in Table 4. As the uncertainty of the anechoic chamber used for the measurements is between +/-0.5 dB, we can consider that the precision of the results is equal to +/-0.5 dB.

Retro simulation

The purpose of this study was to find a range band for the dissipative losses in which is our exact tg.

To find the approximative tg values of the range band, a retro simulation was done by modeling the four antenna prototypes with the respective relative permittivity band (εr) found from these measurements under CST Microwave Studio.

For this reason, we did a parametric study on tg in this part, to find the efficiency value that fits most measurement cases. Thus, the expected results of the search will be the following, (Table 5). In the figures below we can see the parametric study of tg in simulation.

Several values have been considered according to the -/+0.5 dB offset.

An example of application of this methodology is shown for cases a, b and d. After having modelled this part of the spoiler on CST with the relative permittivity already found, we varied tg, in such a way as to find a similar range of values for the efficiency for each case. The different values of tg, found by this method are reported in table 6: To be able to consider the corresponding range of tg, we had to make an averaging between the different values of tg found during the retro simulation phase corresponding to the efficiency found, rounded by the uncertainty (+/-0.5 dB).

Thus, we were able to find that the estimated tg in the range of [0.018 and 0.021].

It should also be mentioned that the material constituting the spoiler is not a homogeneous materiel, so we can assume that the values found for tg is a rough estimation.

GPS Antenna Model

This part consists of the introduction of our first designed communication system, which is the GPS of which we will study 3 different models.

After discovering that the spoiler of the vehicle is composed of two stacked independent parts, it was planned to integrate the antenna systems (which includes the GPS antenna) between these two parts using slot feeding in order to respect the design of the vehicle. Based on the specifications imposed by Renault, the GPS antenna should work at the frequency of 1575 MHz (+/-10 MHz), with a gain of more than 3 dBic, an axial ratio smaller than 3 dB under a righthand circular polarization.

Target Antenna Specification and Constraints

On another hand, geometrical constraints were imposed:

• A maximum antenna size constraint of 100x100 mm 2

• Respect the aesthetics of the vehicle, because for industrial and especially vehicular companies, any hidden antenna is preferable

• Limited possible locations inside the spoiler in order to limit cable length and not overlap with existing electronics (light)

Antenna Design Methodology

For the GPS antenna design, we chose the slot fed antenna which allows us to respect the aesthetics of the vehicle while respecting the location constraints in the spoiler and the restriction of the dimensions imposed in the target antenna specification section.

known FR4 (with a 𝜀𝑟 between 4.4 and 4.7). This model was studied for two cases. The difference between these two cases is the thickness of the FR4 substrate: the first one has a thickness of 0.8 mm and the second one 1.6 mm.

The second model is a two-layer substrate as well (Figure 40); the two-layer substrates is composed by the same plastic mentioned before on the top and the bottom of the antenna, the air gap is now between the ground plane and the patch.

The design of our GPS antenna model was based on [START_REF] Kim | A Single-Feeding Circularly Polarized Microstrip Antenna with the Effect of Hybrid Feeding[END_REF] presented in the state-of-the-art part. 

Antenna Dimensions

Initially, the 50 ohms microstrip line was designed in such a way that its length between each branch is a quarter of a guided wavelength, in order to create the 90° phase shift necessary to supply the two slots, each one exciting an orthogonal mode of the patch. These two slots, ultimately forming a cross, are excited symmetrically on either side in order to improve the bandwidth in circular polarization. In this study we design various GPS models with two different values of tg for the plastic of the spoiler because different type of plastic is available in Renault vehicles. So, we took a random value given the range of tg that will be found for different types of plastic constituting the vehicle which is 0.001 and another value that almost corresponds to the characteristics of the plastic of another vehicle model (Zoe), this value of tg was found in Renault documents and was already found in the tg range during the previous study which is 0.02. Two different values of tg were considered to show that this antenna solution works well on almost all plastic.

For the same model of antenna, we also tried two different thickness of FR4 substrate. In what follows, the simulated results of the four configurations for substrate thickness and tg cases described in the previous table are shown.

Figure 36 represents the four reflection coefficients corresponding to the four different models. Thus, by comparing the 4 configurations, we can see that they all give a wide bandwidth with a criterion of <-10 dB. Models using a higher tg show better results than other models, due to additional losses.

Figure 37 and Figure 38 represent the efficiency and the gain respectively for the four antennas, followed by Table 10 pointing on some important values. Better efficiencies are perceived with the lower tg configuration, which is expected due to lower losses in the plastic material.

Peak gains higher than 4 dBic are recognized for the four configurations presented.

The higher gain is obtained for the configuration of the antenna made by a plastic substrate (tgδ2 = 0.001) and an FR4 substrate of h1 = 1.6mm. Below those figures, the axial ratio and its bandwidth in the broadside direction, as well as the minimum front to back ratio are presented in Table 11 for each of the four cases. The model made of plastic with tg2 = 0.001 and FR4 of thickness h1 = 1.6 mm presents the best performance. Moreover, the four models work under a right-handed circular polarization, which proves the robustness of the functioning of the structure with respect to possible uncertainties on the dielectric losses and thicknesses of the substrates.

Second Model Designed 1.3.2.3.2.1 Presentation of the Structure

The same concept is applied for the second structure, made of the two plastic substrates separated by an air gap of the spoiler but the difference is that the latter does not integrate the FR4 substrate layer.

(Figure 40). 

.3 Simulation Results

In what follows, the best corresponding results of the two cases described above are presented. Figure 42 represents the two reflection coefficients corresponding to each case. tg = 0.02 -1.14 5.9 6.9

The differences between the efficiencies presented in the first part and these one are due to the use of the air which has no loss instead of a lossy material (FR4). For that reason, this model has a better efficiency. 

Summarizing Table of the Six Configurations Presented

This summary table presents the results of all the structures designed in this chapter. The three models using the two substrates show competitive results.

In all cases, the antenna composed of FR4 and plastic (tg2 = 0.001) has the best frequency bandwidth.

It can be noticed that the antennas which are not made of a FR4 substrate, have the narrowest bandwidth.

In the case of tg2= 0.001, the best efficiency, axial ratio and gain are achieved.

In the following, the antenna composed by an FR4 (h2 = 1.6 mm) and plastic model (tg2 = 0.001) is prototyped and measured.

Simulation vs Measurements

The first antenna model made of a 1.6mm thick FR4 substrate was prototyped and measured in the spoiler and compared to the simulation of the plastic composed of a tg2 = 0.001. 

GPS Spoiler Antenna vs Ceramic Antenna vs State of the Art

In this part, a comparison between the designed spoiler antenna, the ceramic antenna, and the two models of the state of the art is done for different characteristics. In this comparison between the four models, we can observe that our antenna has very competitive performance, the larger bandwidth, the lower axial ratio value and the best maximum value of the gain, while the ceramic antenna has the widest bandwidth in axial ratio, and the antenna reference 2, the smallest dimensions. However, in the case of the ceramic antenna, the 90° hybrid coupler tends to improve the bandwidth observed at the system input. This may, on the other hand, be weaker at the level of the antenna inputs themselves. Thus, with our antenna, we have respected the aesthetics of the vehicle by using existing parts of the vehicle, the specifications mentioned at the beginning are achieved while respecting the constraints of imposed dimensions. Moreover, the antenna solution we offer is expected to be less expensive compared to ceramic antennas. However, it is difficult to be certain at this level, as mass production and mechanical integration can bring additional costs that cannot be controlled for the moment.

Conclusion

An original solution for antenna integration into an already existing plastic part of the vehicle was presented. The main objective was to respect the aesthetic of the vehicle and to use already existing parts. The results show that a GPS antenna with circular polarization can be efficiently integrated.

Performances equivalent to state-of-the-art structures are achieved. It's a very competitive and lowcost solution compared to ceramic antennas which are more expensive.

Canonical Antennas for Cellular Communication

In this chapter we will expose different models of canonical antennas that have been designed to be integrated into the vehicle and to do the study that will allow us to choose the best model for our integration of a cellular standard antenna.

Thus, we are going to study the following models before and after integration into the vehicle:

-The dipole (Figure 62 In the following, we will present the results for the four types of antennas and finally the selected model.

To synthetize all these results, this chapter is divided into four essential parts:

2.1. State of the art on canonical antennas including dipole, wire patch, loop and Vivaldi antennas.

2.2. Presentation of the different canonical antennas designed for integration into the vehicle.

Presentation of the different canonical antennas integrated into the vehicle.

2.4. Searching for the best location for the integration of antennas in the spoiler.

State of the Art

In this part, the native dipole, wire patch, loop and Vivaldi antennas have been studied in terms of state of the art. For this reason, these four antennas will be presented as they are in the literature.

A deeper presentation of the Vivaldi antenna will be made for the simple reason is that this antenna after study, showed the best performances.

Dipole Antennas

The dipole antenna is composed of two identical conductive elements, it can be rods or wires. The length of each branch is equal to the quarter of the maximum wavelength in free space at the frequency of operation.

It can be calculated by the following equation: The current is maximum and the voltage minimum at the centre of the dipole antenna, and conversely it is the case at the ends of the dipole antenna. [START_REF]Electrical 4U, Dipole Antenna: What is it? (And the Types of Antennas)[END_REF] The radiation pattern of the antenna is perpendicular to its axis as it is shown in Figure 51Error! Reference source not found.. 

Loop Antennas

A loop antenna is a coil carrying a radiofrequency current, it can have any shape (circular, square, hexagonal …).

There are wo types of loop antennas:

• Large loop antennas: They operates normally in UHF range. They have length roughly equal to the wavelength as:

L=λ (2.3)
where L is the length and λ is the wavelength of the antenna.

The large loop antennas are characterized by having high radiation efficiency.

• Small loop antennas: Their size is calculated as follow:

L = λ 10 (2.4)
where L is the length and λ is the wavelength of the antenna.

The small loop antennas are characterized by low radiation resistance; to have a high one, a multi-turn ferrite core construction should be used. It has low radiation efficiencies on the contrary if large loop antennas. The fact of having a small size, makes them simple to construct. It is generally linearly polarized. In these types of antennas, the feed position defines if the antenna is vertically or horizontally polarized.

The shape of the radiation pattern of these antennas is the same as that of the horizontal dipole.

[19]

Wire Patch Antennas

The composition of a wire patch consists of two ground wires placed near a coaxial probe which feeds a plate at its center.

Figure 53-Wire patch antenna representation [20]

A parallel resonance is created by the inductance placed in parallel with the capacitance of the antenna formed between the plate and the ground plane. The height and length of the plate, the diameter of the ground wires and the characteristics of the dielectric substrate placed between the two parallel elements determines the resonance frequency of the antenna. The ground wires give a better control on the adaptation of the antenna [START_REF] Delaveaud | New Kind of Microstrip Antenna: The Monopolar Wire-Patch Antenna[END_REF]. This antenna has a vertically linearly polarized radiation pattern that exhibits a minimum in the normal direction of the antenna, and a maximum located in the extension of the ground plane when the latter is assumed to be infinite. [START_REF] Delaveaud | Monopolar Wire-Plate Antenna[END_REF] 

Vivaldi Antennas

There are three basic types of Vivaldi antennas, which can be used:

• Tapered slot Vivaldi antenna (Figure 54 (a)) which will be presented in our studies.

• Antipodal Vivaldi Antenna (Figure 54 (b)).

• Balanced Antipodal Vivaldi Antenna (Figure 54 (c)). An in-depth discussion will be presented for the tapered Vivaldi antenna as it is the antenna used in this work. The profile of the conic is an exponential curve, creating a smooth transition from the slit line to free space. y(t)=Ce rt [START_REF] Perdana | Design of Vivaldi Microstrip Antenna for Ultra-Wideband Radar Applications[END_REF] (

Where C = The antenna uses microstrip line feed to drive the slit lines, which is a balanced transmission line, which mainly needs to be incorporated with a balun.

As the electrical length of the antenna increases with frequency the gain also increases [START_REF] Simons | Impedance Matching of Tapered Slot Antenna Using a Dielectric Transformer[END_REF].

A general relationship between the length of the cone and the directivity of an arbitrary conical slot antenna is defined as follows [START_REF] Neverly | Design of Vivaldi antenna[END_REF]:

D = 10𝑙𝑜𝑔 ( 10𝐿 λ0 ) (2.6)
where L is the length of the cone, valid between L = 3 to 7 λ0.

and D = 10𝑙𝑜𝑔 ( 4𝐿 λ0 ) (2.7)
for longer antennas. [START_REF] Johnsson | Antenna Engineering Handbook[END_REF] The thickness of the substrate and the dielectric constant play a major role in the performance of the radiation pattern. A low dielectric constant of the substrate maximizes the radiation of the antenna by reducing the dielectric discontinuity at the end of the TSA. [START_REF]Microstrip Antenna[END_REF] Increasing the thickness of the substrate increases the gain of the antenna, the sidelobes and asymmetric beam patterns. [START_REF] Kotthausand | Investigation of Planar Antennas for Submillimeter Receivers[END_REF] The radiation patterns are also affected by the profile of the taper slit [START_REF] Judaschke | Millimeter-wave Corrugated Tapered-Slot Antennas[END_REF]. The faster slit line opening narrows the beam width, which in turn increases the power levels of the sidelobes [START_REF] Mirshekar-Syahkal | Single and Coupled Modified Vshaped Tapered Slot Antennas[END_REF].

While shifting the slit line aperture toward the end of the antenna widens the pattern in the E plane, while reducing the pattern in the H plane. The E and H planes are shown below.

Figure 55-View of fields E and H [32]

As the antenna length increases, the gain also increases, and the beamwidth decreases in both planes E and H. [START_REF] Panzer | Development of an Electrically Small Vivaldi Antenna[END_REF] The following two aspects should be considered to achieve large bandwidth:

• The transition from microstrip line to antenna feed slot line.

• The dimensions and shape of the antenna, to obtain the necessary beam width. [START_REF]Microstrip Antenna[END_REF] The flare has an important influence on the radiation pattern of the Vivaldi antenna, the length of the flare (LF) in Figure 56 should be greater than or equal to the wavelength under the minimum operating frequency [START_REF] Behera | Vivaldi antenna for medical applications: Design, modelling and analysis of microstrip-fed Vivaldi antenna[END_REF].

Figure 56-Schematic of Vivaldi antenna [34]

The Vivaldi antenna is known by its capability to give a wide bandwidth, for that reason it should be noted that the width at the narrowest point of slot-line (Ws) impacts the high frequencies of the Vivaldi antenna [START_REF] Shan | A parametric study of microstrip-fed Vivaldi antenna[END_REF]. To reduce the size of the antenna, the dielectric constant and the thickness of the substrate should be increased [START_REF] Shan | A parametric study of microstrip-fed Vivaldi antenna[END_REF].

Several researchers have worked on this type of antenna to have an antenna that works at very broadband. In [START_REF] Khairuddin | Bandwidth enhancement of Vivaldi antenna using triangular shaped slots[END_REF], the author proposes two Vivaldi antennas, a basic antenna and an identical antenna but with triangle slots (Figure 57), to show the efficiency of these slots on the frequency bandwidth.

Figure 57-Proposed Vivaldi antenna [35]

The basic Vivaldi antenna exhibits 1.507 GHz of frequency bandwidth while the Vivaldi antenna with triangular shaped slots have a wider bandwidth of 2.624 GHz. This shows the influence of the slots on the bandwidth. It shows better efficiency and gain as well.

In [START_REF] Geng | A Novel Miniaturized Vivaldi Antenna for Ultra-Wideband Applications[END_REF], the author proposes two Vivaldi antennas, a basic antenna and another model having the same dimensions but having a tapered slot edge with a stepped structure to improve the radiation performance at low frequencies (Figure 58).

Figure 58-Proposed Vivaldi antenna [37]

The exponential curves E1 are given by: x = ± c1e [r ex1 (y -6)] ∓ (c1 -c2), (6 ≤ y ≤ 36) (2.8)

The exponential curves E2 are given by: x = ± c3e [r ex2 (y -6)] ∓ (c3 -c4), (8.2 ≤ y ≤ 23.76) (2.9)

A microstrip feeding line with a balun structure is adopted to achieve a good impedance matching.

By inserting a pair of balanced tapered slot edge with a stepped structure (TSESS)s, the low-end cutoff frequency of the proposed design is reduced to 2.35 GHz from 3.10 GHz of CVA which means that a larger bandwidth is obtained. The relative impedance bandwidth has increased as well by 17% and same is for the radiation of the gain.

In [START_REF] Ao | A miniaturized Vivaldi antenna by loading with parasitic patch and lumped resistor[END_REF], the author used the method of loading parasitic patches and lumped resistors to extend low frequencies and achieve antenna miniaturization. To extend the current path the parasitic patch loading, while the lumped resistors loading is used to reduce the influence of the reflected wave.

Figure 59-Proposed Vivaldi antenna [38]

The edges of the parasitic patch are an exponential curve's function:

𝑥(𝑖) = 𝑥 2-𝑖 -𝑐 𝑖 1 -𝑐 𝑖 . 𝑒 𝑟 𝑖 (𝑦 1 𝑖 -𝑦 2-𝑖 -𝑦) 𝑦 1-𝑖 ≤ 𝑦 ≤ 𝑦 2-𝑖 (i = 1,2,3,4) (2.10)
The loaded Vivaldi antenna shows better at VSWR <2, a wide bandwidth is achieved from 2 to 18 GHz.

This antenna was compared to an original Vivaldi model without the parasitic elements (first picture of Figure 59), and it showed that it is very efficient with an unchanged dimension from the original antenna. 

Cellular Antenna Design

Target Antenna Specification and Constraints

Maximized radiation towards the horizon N/A

Average gain towards the horizon for 5G > ou = -4 dBi

Maximum dimension (mm 2 )

100 x 100

MIMO 2x2

The cellular communication antenna should work at in four frequency bands going from 650 MHz to 3800 MHz, the gain should be more than 2dBi in all the frequency band, we need to have a maximum gain towards the horizon with a value greater than or equal to -4dBi according to the state of the art for the 5G communications. It should work as a 2x2 MIMO.

The same constraints as before were imposed, it is worth reciting them:

• A maximum antenna size constraint of 100x100 mm 2

• Respect the aesthetics of the vehicle

• Very limited placements in the spoiler

Antenna Design Methodology

The flow chart below describes the antenna design process followed.

Thus, according to the expected specifications, a choice was made of three frequency bands around 800, 2000 and 3500 MHz, the fourth (2300-2700 MHz) was requested by Renault later.

Four canonical models were retained for the study, the dipole, the wire patch, the loop and the Vivaldi because these four antennas have different characteristics of radiation. Thus, it is interesting to study their behaviours on vehicles.

Then we calculated the different dimensions of the canonical antennas, we modelled the body of the vehicle using only metal, plastic, and glass under CST, and we adapted the dimensions of the antennas to the body of the vehicle to be able to compare these different structures.

The development of this methodology is elaborated in the remainder of this chapter. 

Vehicle Model

A vehicle is made of several components, most of them have an impact on the behavior of the antennas integrated nearby. It is mainly composed of large metallic parts, glasses, cables, and plastic parts. 

Canonical Antennas

As presented in the design methodology, the canonical antenna models studied are:

• The dipole

• The wire patch

• The loop

• The Vivaldi They were tested for three sampling frequencies representing three of the four-frequency cellular bands of interest studied during this thesis, the fourth band (2300-2700 MHz) having been requested by Renault later as written before.

• 600 MHz -960 MHz

• 1700 MHz -2100 MHz

• 2300 MHz -2700 MHz

• 3300 MHz -3800 MHz

For that reason, the tests were made at 800 MHz, 2000 MHz, and 3500 MHz representing the center frequencies of those bands.

Our goal is to have, after the integration in the vehicle, an omnidirectional radiation pattern and to be able to cover a wide frequency band (next chapter). This kind of loop antenna was chosen because its lower input impedance than the simple loop, made it possible to obtain structures adapted to 50 ohms. In the case of the simple loop, the impedance values did not make it possible, and we will not able to compare the results. Table 19 shows the different dimensions of the four antennas tested for the three frequency centres. Table 20 shows the frequency bandwidths under a criterion of -6 dB, the efficiencies, and the gains of these antennas. As can be seen, the bandwidth of the wire patch is the narrowest.

Canonical Antenna Design

Simulation Results

The dipole and the loop show almost similar effects in term of S11 and bandwidth depending on the frequencies.

The three models show very good results in terms of efficiency, but the loop antenna presents the best performance in terms of gain.

Looking at the Vivaldi antenna designed to work at 0.8 GHz, we can see that the bandwidth only covers this frequency band.

We can notice that at 0.8 GHz and in the case of the Vivaldi antenna we have the greatest bandwidth.

2D representations of the radiation pattern of the total gain at phi = 0° (axial plane), phi = 90° and theta = 90° (horizontal plane) are given for 800, 2000 and 3500 MHz. 

Canonical Antennas Integrated in the Vehicle

The same canonical antennas have been integrated into the spoiler of the vehicle model presented above.

Our goal as presented above, is to have an omnidirectional radiation pattern and to be able to cover a wide frequency band. Average gain toward horizon is calculated to compare the different structures for cellular communication applications. 

AUT Integrated in the Vehicle

Parametric Optimization of the Wire Patch

In this part, we will show the parametric study of the wire patch antenna on the vehicle because this one consists of several parameters.

For the first frequency at 0.8 GHz; we can notice that a simple variation of the dimension of the wire patch could change the matched frequency of the antenna, going from a dimension of 83.5 x 83.5 mm 2 without the vehicle up to 76 x 76 mm 2 .

The initial value (83.5 x 83.5 mm 2) is the dimension of the wire patch without vehicle (previous part).

The graph below shows this variation. The table below confirms this variation. This is why we had to look for a second parameter to adapt our antenna.

Thus, it was noticed that by enlarging the distance between the main cylinder and the two ground wires on each side from dist1 = 10 mm to 15 mm, the antenna was adapted at the right frequency. The table below confirms this variation. 

Adaptation of the total band

Thus, we can notice that each parameter used for this antenna has a direct effect on the behaviour of the latter. It can be observed that the patterns are strongly affected by the structure of the vehicle, just by comparing these radiation patterns with the ones of the canonical antennas alone (before integration into the vehicle).

Simulation Results

Deep ripples are obtained, especially at 2000MHz which increases the peak gain, but creates many nulls in the pattern.

The vehicle structure tends to move all antennas radiation patterns toward the sky, which is not suitable for cellular application.

For the two bands, the wire patch provides the most omnidirectional radiation patterns toward the horizon, which is to be sought for cellular antennas.

The dipole is the most impacted structure, and the loop is more impacted at 800MHz than 2000MHz.

At theta = 90°, most of the radiation is at the rear part of the vehicle, obviously because the antennas are integrated in the back and that the radiation is less handicapped towards the rear due to the absence of the metal of the body in this direction.

Table 25 summarizes all the results of the four antenna types at 800, 2000 and 3500 MHz which will allow us to pick the canonical antenna that has most of the best performance for the rest of the studies. By comparing those results to the previous section, where we have simulated the antennas alone (without the body of the vehicle), we can say that the metal part of the vehicle's body has a big influence on the bandwidth of the reflection coefficient.

From the table, we can say that:

• The dipole antenna has the best maximum gain at 2000 MHz and the best average gain towards the horizon at 3500 MHz.

• The wire patch has the best average gain towards the horizon at 800 MHz and the best efficiency in the other two bands.

• The loop antenna has the best efficiency at 800 MHz, the best average gain towards the horizon at 2000 MHz and the best peak gain at 3500 MHz.

• The Vivaldi antenna presents the best results in the 800 MHz band, a very wide bandwidth, the best efficiency, and the best peak gain among the four models; in terms of average gain towards the horizon it has a performance almost identical to the wire patch which represents in this point a better behavior.

As a summary, we can say that the wire patch presents the most omnidirectional radiation pattern toward the horizon, but frequency bandwidth is the narrowest. Such narrow band performance may strongly limit the potential of wire patches for cellular communications.

Finally, we chose to work with the Vivaldi antenna for the continuity of our studies since it has the best performance in the lowest band (800 MHz) which is usually the most difficult band to cover.

Searching for the Best Location for the Integration of

Antennas in the Spoiler

As in the target antenna specification section, we mentioned that the system must be designed to work in a 2x2 MIMO, for that reason it was mandatory to search for the best way to integrate the antennas in order to have the higher level of performance.

Below is the flow chart explaining this research method.

Two Vivaldi antennas corresponding to the basic model presented above in the sections, are integrated in the spoiler of the vehicle and positioned in an opposite way at each end of the spoiler (Figure 77). The third case represents the antennas working in sequential mode, without a coupler. In the sequential mode, the two antennas are directly connected to the two ports of the analyzer.

This study is done to be able to choose the best positioning for our antennas, allowing us to have an omnidirectional radiation pattern, because the Vivaldi antenna is directional. This study is also made to see which configuration gives a better coverage (with a coupler or the sequential mode) in the horizontal plane, in other words, which configuration gives the best coverage in the back of the vehicle and impacts its front, since the antennas are placed in the rear part of the vehicle.

Studied Cases

Several positions were considered either in lateral or longitudinal translation and even in rotation along the axis of each antenna, five cases of these configurations summarizing multiple cases that we have tried are presented to choose the best position for our antennas.

Figure 79 represents the reference position.

Figure 79-Reference position sketching with its benchmark

The study cases are:

1. Reference position (Figure 80). a. Rot = 5°.

5. Longitudinal translation with a rotation towards the center of phase of each antenna (Figure 92).

a. X = -100 mm and rot = 5°.

Reference Position

Figure 80 represents the reference model, in which two Vivaldi antennas have been placed at both ends of the spoiler, so that they are centered at the ends. 

Lateral Translation

The antennas are spaced several millimeters from the end of the spoiler to its center. Several cases of spacing have been considered, but only one case for Y = +/-350 mm will be presented which is almost the middle of the distance between the antenna and the center of the spoiler. 

Longitudinal Translation

The antennas are spaced several millimeters from the end of the spoiler (edge not fixed to the body of the vehicle) in the longitudinal direction. Several cases of spacing have been considered as well, but only one case for X = -100 mm will be presented which is at the front end of the spoiler of the vehicle. In this case we can observe that the impact is a little more important on the "in phase" cases.

2D representations:

The different cuts of the radiation pattern of the total gain presenting the three cases for the antennas integrated in the car's spoiler at phi = 0 °, phi = 90 ° and theta = 90 ° at 800 MHz are shown below: 

Angular Orientation of the Antennas

In this section, a rotation of 5° towards the front of the vehicle is done from the phase center of each antenna. We tried several angles of rotation, but we present the rotation with 5° to see the difference with the results of section 2.5.1.5 where this angle combined with another action was used.

Figure 89 represents the model of the vehicle in which is integrated the two Vivaldi antennas rotated of 5°. In this case we can observe that the impact is slightly more important on the "in out of phase " cases.

2D representations:

The different cuts of the radiation pattern of the total gain presenting the three cases for the antennas integrated in the car's spoiler at phi = 0 °, phi = 90 ° and theta = 90 ° at 800 MHz are shown below: 

Longitudinal Translation and Angular Orientation of the Antennas

The last two previous cases X = -100 mm and Rot = 5° have been combined in this section. We can notice that we have very wide bandwidth and high gain in the case of X= 100 mm and the rotation of 5°.

The average gain toward the horizon values is almost similar in all cases.

Regarding the S21 parameters, the best-case scenario was the reference configuration with the antennas centred on the spoiler, and that's where we see the impact of the metal structure of the vehicle because just by bringing the antennas closer to the edge of the spoiler, the S21 value goes from -25 for the S21 to -11, whereas -25 is a good value and -11 becomes a value that is much worse.

But still from a point of view of other characteristics the last configuration is the one that is the most advantageous. For that reason, this last structure was selected for the final integration of the cellular antennas in the vehicle.

Vivaldi Antenna for Cellular Communication

This chapter exposes the improvement of the selected antenna, which is the Vivaldi antenna, to make it much more powerful compared to the required application.

Therefore, we started from the basic antenna that we have presented in the previous chapter, to arrive at our proposed antenna.

This chapter will present the proposed Vivaldi antenna.

Vivaldi Antenna

Evolution of the Initial Antenna

For the previous studies, the Vivaldi used in simulation was a basic Vivaldi antenna, with a theoretical excitation port between its two ends (Figure 95 a), but in the case of a real Vivaldi it was necessary to have a feeding system that is compatible with the desired application.

In this part another simplified Vivaldi antenna model is proposed, which can work on most of the desired frequency bands, (Figure 95). Vivaldi and a microstrip line on the second face corresponding to the feeding system of the antenna.

Table 31 shows the dimensions of this antenna. The same concept of microstrip line positioning as 2.3.1 is applied.

The equations to be able to design the Vivaldi are based on [START_REF] Perdana | Design of Vivaldi Microstrip Antenna for Ultra-Wideband Radar Applications[END_REF].

The dimension of the Vivaldi (length x width) defines the lowest band of the antenna. The antenna shows good efficiency in most of the frequency bands.

Table 32 shows the antenna radiation characteristics. With a constraint of 100x100 mm 2 , the minimum frequency that could be reached is 850 MHz, so the structure had to be made more complex to satisfy the application and meet the criteria that were imposed.

Unlike previous models, this antenna shows better performance while increasing in frequency.

This encouraged us to seek more to achieve a single structure antenna capable of covering the entire band. For that reason, it was necessary to make the structure more complex to satisfy the application and meet the criteria that were imposed. According to phi = 0 ° and theta = 90 °, we can notice that at 2 GHz and 3.5 GHz the radiation pattern is directional, which is normal behaviour of the Vivaldi antenna.

Final Vivaldi Model

In this part the latest Vivaldi model that has been integrated into the vehicle is presented (Figure 100).

Vivaldi Design

To achieve my objectives, I was inspired by a Vivaldi antenna model [START_REF] Ao | A miniaturized Vivaldi antenna by loading with parasitic patch and lumped resistor[END_REF] that we have found in a publication, but only for the calculations of the parasitic elements that we see in the figure . (Figure 98).

Figure 98-Vivaldi antenna design [38]

This paper showed the interest of adding the parasitic elements to widen the bandwidth, the technique in this article was applied to the lowest band, but in our case the Vivaldi, which was designed had acceptable performances in the low band, but we had problems in the higher bands, so we diverted this technique to improve higher bands performances.

Figure 99-Equation used to design the antenna

For this structure, we mainly used equation number 1 to design the parasitic elements, and it is g and wg that depend on the gap, therefore on the highest frequency.

As we have already presented, for the cellular antenna we chose to design a Vivaldi antenna using an FR4 substrate of a dimension of 100x100 mm 2 and a thickness of 0.8 mm.

The upper face of this antenna is covered by a metal part and a balanced feed line on the second one (metallic parts in grey). The balanced feed is composed by four parts and consists of covering the entire bandwidth of the antenna. The radiation curve of a Vivaldi is an exponential function. [START_REF] Perdana | Design of Vivaldi Microstrip Antenna for Ultra-Wideband Radar Applications[END_REF] The total dimension of the antenna imposes the lowest frequency, the radius of the circle and the opening of the Vivaldi have an impact in high frequencies. For the curvature of the two shoulders as well as the curvature of the two parasites, the previous formula was applied working on the high frequencies, this by creating a coupling between the Vivaldi antenna and the two parasites.

As a result, the length of the two parallel branches of the parasites stabilized the high frequency as well. To justify this theory, (why those parasites work in high bands?), we did the calculation justifying the length of this parasite and we have found that the length of the parasite is equal to Table 33 shows the dimensions of this Vivaldi. Width of the fourth part of the microstrip line y4 0.5

Opening edge length lOpening 8

Radius of the opening radOpening 100°

Parametric Optimization

In the following graph, we can see the influence of each element modified or added in our structure. The table below shows the influence of these elements. According to Figure 102 and Table 34, by balancing the stub, a large part of the bandwidth is covered.

0.1 GHz more is achieved in the low band and more than 1 GHz in the high band.

By engraving the two edges of the Vivaldi, a better adaptation has been obtained and although the effect of parasites in the 5G band is clearly visible.

According to the comparison table the combination of band coverage, efficiency and gain shows that the final model including the engravings and the parasites is the best.

We will discuss in the following some explanations concerning the design of the Vivaldi model, followed by scientific proofs.

First, the dimension of the Vivaldi as mentioned before (length x width) define the lowest band of the antenna.

The side curvatures allowed us to expand and gain much more in the high band without affecting the size of the antenna because we were restricted by its size, and we couldn't enlarge anymore.

The size of the circle inside the Vivaldi and the side lines (parasites) directly affects the higher bands, which allowed us to have all the high bands.

The shape of the feed allowed us to have this very wide frequency band, each branch of the feed directly affects a part of the band, and since we are looking for four frequency bands, we have four feed widths.

Several cases have been considered to be able to prove the best model covering the entire frequency band:

1. Vivaldi chosen The figure shows that the feed directly affects the entire frequency band.

Simulation vs Measurements

This model of Vivaldi antenna was prototyped (Figure 106), measured and compared to the simulations. We used a coaxial cable to feed the antenna (Figure 106) instead of an SMA port, because it was easier to measure the antennas integrated in the spoiler of the vehicle.

The antenna was measured using a VNA for the reflection coefficient and in the Stargate SATIMO for the radiation characteristics (Figure 107).

Efficiency:

Figure 109-Efficiency of the Vivaldi antenna

We can see that there is a difference between the simulated and the measured results, which may be due by multiple reasons. It is certainly caused by the effects of parasitic radiation that comes from the cable which is directly welded on the antenna. The measurement condition and the cabling of the antenna may have slight effects on the results as well. Also, it could be the feeding cable which was not soldered to the end of the line, but about 5 mm higher to create a ground. Looking at the three chosen frequency points of interest, we can estimate 0.99 dB of difference in efficiency at 800 MHz, 0.12 dB difference at 2000 MHz, and 0.34 dB difference at 3500 MHz.

This type of cable was used because we had to slide the antenna inside the spoiler and directly weld it on the antenna.

Table 35 shows the antenna radiation results. From these figures, we can see the difference in the patterns, as said before several factors may play a role. The coupling between the current of the antenna and the current of the cable have an effect, antenna fabrication and placement of coaxial cable have effects as well. The radiation patterns show that the antenna is directive in all the bands and especially in the highest one. This is a normal behaviour of the Vivaldi antenna.

Conclusion

In this part, the evolution of the initial antenna to a more efficient antenna was presented. An original Vivaldi antenna was then modelled, studied, and prototyped. This antenna was able to cover almost the entire frequency band. This model will be used for the final integration into the vehicle.

Vehicular Integration

This chapter exposes first the integration of the proposed Vivaldi antenna in the spoiler and then in the vehicle. This chapter is divided into three essential parts:

4.1. State of the art on the integration of the antennas in vehicles and on some cellular communication antennas to be able to compare our system with the state-of-the-art antennas. 

State of the art 4.1.1 Cellular Communication Reference Antennas

To be able to compare our antenna system to the state-of-the-art antennas, two antenna models dedicated to cellular communication standard are presented in this section.

The first model (Figure 113) [START_REF] Singh | A Compact Planner MIMO Antenna for GSM, DCS, PCS, UMTS, LTE and 5G Application[END_REF] consists of a quarter-oval shape in the middle of the monopole that is used to improve the bandwidth; the slots in the ground plane are created to achieve an isolation between the monopoles. The right part of the monopole covers the low and mid frequency range. The quarter-oval type introduced with the L-shaped structure allows high frequencies to be covered.

Figure 113-First reference -cellular communication model [66]

The second model (Figure 114) [START_REF] Sanz-Izquierdo | Evaluation of wideband LTE antenna on configurations for vehicle applications[END_REF] is a square monopole antenna with a semi-circular base placed on a large ground plane considered as the roof of the vehicle, and which makes it possible to have a wide bandwidth to cover the highest cellular bands.

Figure 114-Second reference -cellular communication model [67]

To cover the low band around 700 MHz a resonant element has been added to the top of the antenna.

An identical antenna to the latter was subsequently placed in parallel, showing a very slight change in gain performance.

Antennas Integrated in the Vehicle

Vehicular technology systems are being one of the most trending and attractive subjects of the growing demand for the car to be intelligent and to meet the human being needs. Autonomous vehicles, driving assistance, infotainment are some examples of those vehicular technology system applications. Those applications require the integration of several antenna systems thus GPS [START_REF] Liu | An Integrated Shark-Fin Antenna for MIMO-LTE, FM, and GPS Applications[END_REF], V2X [START_REF] Dzagbletey | Quarter-Wave Balun Fed Vivaldi Antenna Pair for V2X Communication Measurement[END_REF], and cellular communications [START_REF] Liu | An Integrated Shark-Fin Antenna for MIMO-LTE, FM, and GPS Applications[END_REF], which plays an important role especially in autonomous driving [START_REF] Rabinovich | Automotive Antenna Design and Applications[END_REF]. On the other hand, most antenna systems dedicated for external use in vehicles are likely visible on the body of the car like GPS and cellular communication systems, most of the time co-integrated in the shark fin [START_REF] Diez | A Highly Efficient Car2Car-Multiband Rooftop Automotive Antenna[END_REF], the roof [START_REF] Guan | A Flat Roof Automobile Antenna Module for LTE, GPS and SDARS Applications[END_REF], and the rods [START_REF] Cerretelli | Progress in Compact Multifunction Automotive Antennas[END_REF]. The aesthetic of vehicles is nowadays more and more important which requires integrating the antennas in the vehicle in a discreet way, considering that the body of the vehicle is composed of a very large metallic part which will affect the antenna performance. In addition, each standard requires a special type of radiation pattern. For example, V2X

and cellular antennas require an omnidirectional radiation pattern [START_REF] Luo | A novel automobile antenna for vehicles communication of IOT systems in 5G networks[END_REF] while GNSS antennas require a circularly polarized pattern sky pointing [START_REF] Qu | Integrated GPS Antenna with Circular Polarization for Metal-Rimmed Smart Watch Applications[END_REF].

In [START_REF] Song | Transparent disc assembly with integrated antenna[END_REF], an antenna integrated in the translucent pane was presented (Figure 115). In the figure below, 22 is the translucent pane, 24 is the antenna and 26 is the translucent disk. The technology of the antenna is for radio reception, communication, and navigation. After the antenna circuit module is attached to the spoiler or rear door of the vehicle, each antenna circuit module is then passed through a unified cable-through hole and entered inside the rear door of the vehicle, with the overall wire sheaves phase. A cable-through hole plug is mandatary for this antenna to be fabricated. This chosen placement protects the antennas, respects the appearance of the automobile. [START_REF] Yaoquan | A kind of automobile and the Multi-Function Antenna being mounted in automobile back door spoiler[END_REF] An LTE antenna covering two bands 900 MHz and 1800 MHz integrated in a vehicle mounted shark fin antenna (Figure 117) is studied in [START_REF] Yaliang | A kind of vehicle-mounted LTE antenna[END_REF]. A mobile radio antenna integrated in the window frame of a vehicle (Figure 118) is proposed in [START_REF] Posselt | Mobile antenna, antenna system, vehicle window, window frame and vehicle[END_REF].

In the figure below, 10 is the mobile radio antenna, 12 is the surface of the mobile radio antenna, 20 is the vehicle and 22 is the window frame of the vehicle. In this structure, the edge of the window frame is considered as a ground reference of this antenna.

The mobile radio antennas can be hidden by a black print on the vehicle window, so the antenna will not be visible neither from the inside or the outside. A plurality of mobile radio antennas on a vehicle can be done by integrating the antennas in the window frame of the windshield and the vehicle may also include other mobile antennas in the roof or the rear window. This work proves the efficiency of the signal processing concept [START_REF] Posselt | Mobile antenna, antenna system, vehicle window, window frame and vehicle[END_REF].

Antenna integrated in the spoiler

Antenna Integration

Once the antenna was optimized, we realized its integration in the spoiler. In this part two identical Vivaldi antennas (Figure 119), presented in section 3.1.2, have been integrated in the spoiler of the vehicle, the two Vivaldi antennas are placed at the ends of the spoiler, translated of 100 mm towards the front of the vehicle and rotated (towards the front of the vehicle) of 5°to apply the case selected in the previous section (Figure 92). 

Simulation Results

Reflection Coefficient of the simulation results: We can notice that in the sequential simulations and for the planes phi=0 ° and theta=90 °, each antenna radiates the maximum on the side of its opening. From another point of view, the "in phase"

and "out of phase" simulations show complementary behaviors to each other and in some cases allow to reach maximum gain better than the sequential simulation.
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Table 37 shows the radiation characteristics of the antennas integrated in the spoiler. The results in terms of gain were achieved by returning to the specifications mentioned at the beginning while respecting the maximum size imposed.

The table shows that while increasing in frequency, we have a better gain.

Proposed Model vs State of the Art

In this part a result comparison between the proposed antenna system and the two models of the state of the art is done. As a comparison between the proposed antenna, and the two state-of-the-art models, we can observe that our antenna presents very competitive performances.

In terms of frequency coverage, the three models are very similar.

The proposed antenna has the maximum gain, but reference 1 has the best dimension.

The envelope correlation coefficient is the smallest over the entire band for the proposed antenna system and therefore better.

This model made it possible to respect the aesthetics of the vehicle while using existing parts.

The expected specifications were achieved while respecting the constraints imposed.

Measurement of the Antennas Integrated in the Vehicle

This part presents the results of the measurements carried out at the CTA in Aubevoye on a Zoe vehicle.

The results are encouraging.

The three sub-sections are as follow:

• Part 1 presents the replacement of the original spoiler by our spoiler with integrated antennas and the placement of the vehicle in the anechoic chamber.

• Part 2 presents the different reflection coefficients.

• Part 3 presents some radiation results in the anechoic chamber.

Replacement of the Original Spoiler by our Spoiler with Integrated

Antennas and the Placement of the Vehicle in the Anechoic

Chamber

To place the new spoiler containing the antennas on the vehicle, we had to remove the old spoiler (the original one) (Figure 125). The old spoiler was replaced by the new spoiler (Figure 126). To ensure the two cases of phase shift applied previously (in phase and out of phase operations) of the prototype, the "narda MODEL 4032C" hybrid coupler" with a 90° phase shifter (Figure 128) was used [START_REF] Miteq | Model: 4032C[END_REF].

This hybrid coupler works in the [1000-2000] MHz band.

Figure 128-Hybrid coupler

The antenna connectors have been taken out of the screw places (Figure 129). 

Screw places Connectors

The vehicle was then placed inside of the anechoic chamber (Figure 130).

Figure 130-Placement of the vehicle in the anechoic chamber

The vehicle was then placed in the chamber so that the spoiler was at the phase center (Figure 131). 

Reflection Coefficients Measurement

The antennas were measured using a VNA for the reflection coefficient.

Three cases were adopted:

• Without any coupler (Left antenna and right antenna)

• In phase coupler The targeted frequency bands are:

• 650-960MHz

• 1700-2100MHz

• 2300-2690MHz

• 3300-3800MHz

Table 39 summarizes the coverage of the measured results. Regarding the S parameters, the bands representing the coupler in phase and out of phase cover the entire band.

While the case of the right and left antennas only covers the mid and high bands, the right antenna covers a small sample of the low band from 0.77 to 0.8 GHz.

The two cases present undulations in high frequencies.

This coupler acts almost exclusively on the low band.

Knowing that we are working with two antennas placed far from each other, the parameters S21 and S12 are weak, that's why they have not been interpreted. In this part the radiation patterns will be presented in another way than previously, as they are extracted directly from a software dedicated to Renault.

• At a frequency = 800 MHz.

o Phi = 0°, where the car is seen from its side. This studied case was made with a coupler.

▪ Without any coupler

For the coupler port 1 case, we can see as well that the maximum radiation is directed to the right (back of the vehicle), but in this case we have a little more radiation to the left (front of the vehicle) than the case of antennas without a coupler, but still, it's not much.

The same reasoning was done for the right antenna. In the with a coupler case.

For the coupler port 1 case, we can see that a maximum radiation is directed to the left side of the In the without any coupler case.

For the left antenna case, the maximum radiation is perceived in the left part of the radiation pattern, which is normal, since the antenna is placed on the left, and the opposite is true for the right antenna case.

▪ With a coupler In the with a coupler case.

We can see that in both cases, we have a large part of the radiation propagated in the rear part of the vehicle, it is normal because the antennas and the coupler are at the rear part of the vehicle.

• At a frequency = 1900 MHz.

o Phi = 0°, where the car is seen from its side. Table 40 shows the radiation characteristics of the antennas integrated in the spoiler of the vehicle

▪ Without any coupler

Table 40-Radiation characteristics of the antennas integrated in the spoiler of the vehicle

In the four cases we have almost similar values.

In the highest bands the efficiencies are better than the lowest ones.

By comparing this antenna system with the specifications quoted at the beginning, we can confirm that in all of our bands we have a gain greater than 2 dBi and the average gain towards the horizon for the 5G antennas is greater than -4 dBi while taking into account all the components of the vehicle and the reactions that can be provoked.

The table below presents a comparison between the required specifications and the proposed system values integrated in the vehicle. 

Studies Frequency

Representation of the ECC and DG of this MIMO system

Figure 174 shows the ECC and DG of the MIMO system using the DG gain method.

Figure 174-ECC and DG of the MIMO system

In the whole frequency band, we have ECC <0.02 and DG almost equal to 10, which shows that this system presents a very good diversity performance.

• The design of couplers covering the entire band at negligible cost will be considered as well as the integration of new communication systems.

• Measurements on other types of Renault vehicles.

• The design of a method of radiation measurement in a real environment to have a better characterization of the antennas, for example we could use technologies based on drones to make a scan around the car.
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 3 Figure 3-Smart Antenna [63]

Figure 5 -Figure 6 -

 56 Figure 5-Sorting the technologies according to the uses inside or outside the vehicle

(Figure 8 Figure 8 -Figure 9 -

 889 Figure 8-(a) 90• power divider (b) 90• hybrid coupler [16]

Figure 10 -

 10 Figure 10-Circular polarization by (a) Cutting a thin slot in the patch (RHCP in this case) (b)Trimming the two opposite corners of a square (c) Making a circular patch slightly elliptical[START_REF] Balanis | Antenna Theory: Analysis and Design, 3rd Edition[END_REF] 
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 11 Figure 11-Ring slot antenna for circular polarization [17]

Figure 12 -

 12 Figure 12-Slot fed antenna design [40]

Figure 13 -

 13 Figure 13-(a) Feeding aperture (b) Element side view [41]

Figure 14 -

 14 Figure 14-(a) Multilayer-multiband antenna (b) Truncated corner patches and curved dipole [42]

Figure 15 -

 15 Figure 15-(a) Cross slot fed antenna (b) Bottom view of the antenna [43]

Figure 17 -

 17 Figure 17-Second reference -GPS model [65]

6 Figure 19 Figure 19 -Figure 20 -

 6191920 Figure19shows the prototype of the antenna.

Figure 21 -Figure 22 -

 2122 Figure 21-Spoiler containing a GPS antenna for measurement in the SATIMO system

Figure 23 -

 23 Figure 23-Rear Upper Spoiler

  Figure 25 represents how the different antennas are made on the plastic spoiler of a Renault Megane.

Figure 25 -Figure 24 -Figure 26 -Figure 27 -

 25242627 Figure 25-Representation of the integration of the structure in the spoiler

Figure 28 -

 28 Figure 28-Measured S11 parameters of the patchs outside (a),(c),(d) and inside the spoiler (b)

Figure 29 -

 29 Figure 29-Patch integrated on the spoiler in the Stargate SATIMO

Figure 31 -

 31 Figure 31-Different sides of view of the antenna simulated on the spoiler (CST) back, middle, and front respectively

Figure 32 -

 32 Figure 32-Retro simulation of the different cases

Figure 34

 34 Figure 34 describes the first model composed of two layers of substrate separated by a layer of air representing the plastic parts of the spoiler (orange part) and an additional layer of FR4 type dielectric substrate (yellow part) of dimension 70x70 mm 2 , separated from the plastic part of the vehicle by a metal ground plane.

Figure 34 - 35 Figure 35

 343535 Figure 34-Design of the first GPS antenna model working under circular polarization

Figure 35 Figure 35 35 Figure 35 Figure 35 -

 3535353535 Figure 35 Figure 35 (d)). This slot is excited by a microstrip line, realized on the additional FR4 substrate of permittivity 𝜀𝑟1 = 4.4 and tgδ1=0.02 Figure 35

Figure 36 -

 36 Figure 36-Reflection coefficient of the simulated GPS antennas

Figure 37 -Figure 38 -

 3738 Figure 37-Efficiencies of the four simulated GPS antenna configurations

Figure 39

 39 Figure 39 shows the 2D representations of the LHCP and RHCP gains in x0z (Phi = 0°) and y0z (Phi = 90°) planes for the four cases at 1.575 GHz, proving that the antennas are right-handed circularly polarized in the upper part of the spoiler.

Figure 39 -

 39 Figure 39-Normalized LHCP and RHCP gains in xOz (phi=0°) and yOz (phi=90°) planes (a) h2 = 0.8 mm, tg2 = 0.001; (b) h2 = 0.8 mm, tg2 = 0.02; (c) h2 = 1.6 mm, tg2 = 0.001; (d) h2 = 1.6 mm, tg2 = 0.02

Figure 40 -

 40 Figure 40-Design of the second GPS antenna model in circular polarization

Figure 44 -

 44 Figure 44-Gain of the second simulated GPS antenna for different tg

Figure 45 FigureFigure 45 -

 4545 Figure 45 Figure 39shows the 2D representations of the LHCP and RHCP gains in x0z (Phi = 0°) and y0z (Phi = 90°) planes for both cases at 1.575 GHz.

Figure 46 Figure 46 -

 4646 Figure 46 represents the prototype integrated into the vehicle spoiler.

Figure 47 -

 47 Figure 47-Reflection coefficient of the GPS antenna

Figure 48 -Figure 49 -

 4849 Figure 48-Measured and simulated efficiencies of the GPS antenna

  (a)), -the wire patch (Figure 62 (b)), -the loop (Figure 62 (c)), -the Vivaldi antenna (Figure 62 (d)).

  8 m/s is the velocity of light and f the frequency, in Hertz. These two identical conductive elements are connected by a feeder or coaxial cable at its end closest to the center of the antenna.

Figure 50 -

 50 Figure 50-Schematic model of the dipole antenna [18]

Figure 51 -

 51 Figure 51-Radiation pattern of the dipole [18]

Figure 52 -

 52 Figure 52-Circular loop antenna [19]

Figure 54 -

 54 Figure 54-(a) Tapered slot Vivaldi antenna [22], (b) Antipodal Vivaldi antenna [23],(c) Balanced antipodal Vivaldi antenna[START_REF] Molaei | Dielectric lens balanced antipodal Vivaldi antenna with low cross-polarisation for ultra-wideband applications[END_REF] 

  in Error! Reference source not found.).

Figure 60 -

 60 Figure 60-Flow chart "Antenna design methodology"

Figure 61 represents

 61 Figure 61 represents the vehicle's body model used during the simulations. Only three essential materials were considered metal, plastic, and glass, located in different areas of the vehicle's body.

Figure 61 -

 61 Figure 61-Vehicle's body used during the study

Figure 62

 62 Figure62shows the basic structures of the dipole, wire patch on a very small ground plane, loop and

Figure 62 -

 62 Figure 62-Basic structures of the (a) Dipole antenna, (b) Wire patch antenna, (c) Loop antenna and (d) Vivaldi antenna

5 *

 5 Tapering link is the length of the curve projected on the side.The dimension of the Vivaldi (length x width) defines the lowest band of the antenna.Calculation of the position of the port can be obtained using this formula:

Figure 63

 63 Figure 63 represents the reflection coefficients of the four antennas at respectively 800, 2000 and 3500 MHz.

Figure 63 -

 63 Figure 63-Reflection coefficients of the four antenna models at respectively (a) 800, (b) 2000 and (c) 3500 MHz

Figure 64 -Figure 65 -Figure 66 -

 646566 Figure 64-Radiation pattern for phi = 0° at: (a) 800MHz (b) 2000MHz (c) 3500MHz

Figure 67 Figure 67 -

 6767 Figure67shows the antennas as they are positioned in a vacuum for simulations and their 3D radiation pattern.

Figure 68 -

 68 Figure 68-Vehicle's body used during the study

Figure 69 -

 69 Figure 69-Parametric optimization of the wire patch antenna at 0.8 GHz

Table 22 -For the second frequency 2

 222 Parametric optimization of the wire patch antenna at 0GHz, we can see on the contrary of the first case that by changing only the dimension of the wire patch nothing happens.

Figure 70 - 2 For the third frequency at 3 . 5

 70235 Figure 70-Parametric optimization of the wire patch antenna at 2.0 GHzThe table below confirms this variation. Table 23-Parametric optimization of the wire patch antenna at 2.0 GHz Dimensions Frequency (GHz)

Figure 71 -

 71 Figure 71-Parametric optimization of the wire patch antenna at 3.5 GHz

Table 24 -

 24 Parametric optimization of the wire patch antenna at 3

Figure 72

 72 Figure 72 represents the reflection coefficients of the four canonical antennas integrated in the plastic part of the vehicle at respectively 800, 2000 and 3500 MHz.

Figure 72 -Figure 73 -Figure 74 -Figure 75 -

 72737475 Figure 72-Reflection coefficient of the four canonical antennas at respectively (a) 800, (b) 2000 and (c) 3500 MHz

Figure 77 -•Figure 76 -Figure 78 -

 777678 Figure 77-Position of the two antennas in the spoiler

2 .

 2 Lateral translation (Figure 83) representing the distance from the center of the spoiler. a. Y = 350 mm for the antenna on the top side of the figure. b. Y = -350 mm for the antenna on the opposite side of the figure.

3 .

 3 Longitudinal translation (Figure86). a. X = -100 mm.4. Rotation (toward the front of the vehicle) with a rotation towards the center of phase of each antenna (Figure89).

Figure 82 -

 82 Figure 82-Radiation pattern of the three cases for :(a) phi = 0° (b) phi =90° (c) theta = 90°

Figure 83 represents the

  Figure 83 represents the model of the vehicle in which is integrated the two Vivaldi antennas spaced at Y= +/-350 mm from the center of the spoiler.

Figure 83 -Figure 84 -Figure 85 -

 838485 Figure 83-The Vivaldi antennas spaced of 350 mm from the end of the spoiler Reflection Coefficient:

Figure 86

 86 Figure 86 represents the model of the vehicle in which is integrated the two Vivaldi antennas at X=-100 mm.

Figure 86 -Figure 87 -

 8687 Figure 86-The Vivaldi antennas spaced of 100mm to the front end of the spoiler Reflection Coefficient:

Figure 88 -

 88 Figure 88-Radiation pattern of the three cases for :(a) phi = 0° (b) phi =90° (c) theta = 90°

Figure 89 -Figure 90 -

 8990 Figure 89-Rotation of 5° of the center of each antenna Reflection Coefficient:

Figure 91 -

 91 Figure 91-Radiation pattern of the three cases for :(a) phi = 0° (b) phi =90° (c) theta = 90°

Figure 92

 92 Figure 92 represents the model of the vehicle in which is integrated the two Vivaldi antennas at X=-100 mm and rotated of 5°.

Figure 92 -Figure 93 -Figure 94 -

 929394 Figure 92-The Vivaldi antennas spaced of 100mm to the front end of the spoiler and rotated of 5° of the phase center of each antenna

Figure 95 -

 95 Figure 95-Evolution of the initial Vivaldi antenna

Figure 96 Figure 96 -

 9696 Figure 96 represents the reflection coefficient and the efficiency of the Vivaldi antenna model.

Figure 97 -

 97 Figure 97-Radiation pattern for (a) phi = 0° (b) phi = 90° (c) theta = 90°

Figure 100 -

 100 Figure 100-Vivaldi antenna (a) Front view (b) Back view

Length of the first part of the microstrip line x1 26 . 5 Width of the first part of the microstrip line y1 3 Length of the second part of the microstrip line x2 10 . 5 Width of the second part of the microstrip line y2 2 Length of the third part of the microstrip line x3 12 Width of the third part of the microstrip line y3 1 . 5

 265310521215 Length of the fourth part of the microstrip linex4 12

Figure 102 -

 102 Figure 102-Influence of each element modified or added to the Vivaldi structure

2. Vivaldi without side lines 3 . 7 . 8 . 9 .Figure 103 ,

 3789103 Figure 103, Figure 104 and Figure 105 represents the reflection coefficient of the nine cases of the

Figure 104 -

 104 Figure 104-Reflection coefficient of the Vivaldi antenna by varying the slits

Figure 105 -

 105 Figure 105-Reflection coefficient of the Vivaldi antenna by varying the feed dimensions

Figure 106 -

 106 Figure 106-Prototype of the Vivaldi antenna (a) Front view (b) Back view

Figure 110 -Figure 111 -Figure 112 -

 110111112 Figure 110-Radiation pattern at phi = 0° for (a) Simulation results (b) Measurements results

4. 2 . 4 . 3 .

 243 Vivaldi antenna integrated in the spoiler of the vehicle. Vivaldi antenna integrated in the vehicle.

Figure 115 -Figure 116 -

 115116 Figure 115-Antenna placement in the vehicle [52]The antenna system integrated in this study can be an AM/FM radio, Wi-Fi, DSRC, satellite radio, GPS or cellular (MIMO) antennas. The objective of this study is to improve the communication functions of the antenna and to provide a visually pleasing transition from the trim component to the mid-segment of the translucent disc. A translucent disk is also in the translucent panel. It is constituted by a laminated safety glass with three layers, an outer layer, an inner layer and a flexible layer between them such as polyvinyl butyral. Three cases were considered for the antenna placement, between the flexible layer and the inner glass layer, between the flexible layer and the outer part and between two flexible layers, and the thickness of each flexible layer is equal to the half of the thickness of the first flexible layer. The three integrations protect the antenna system physically and respects the aesthetic of the car.[START_REF] Song | Transparent disc assembly with integrated antenna[END_REF] 

Figure 117 -

 117 Figure 117-Proposed shark fin antenna [54]In the figure, 10 is the PCB substrate, 30 is the first radiator and 50 is the second radiator. The objective of the study is to solve the problem of bandwidth limitation, weakness of the frequency spectrum and multiband requirements. This antenna includes a PCB substrate and two radiators, the first one is connected to a grounding point working on the first range [698MHz-960MHz], and the second one is connected to a feeding point working on the second range [1427.9MHz-2690MHz]. The PCB substrate structure is a rectangular trapezoid.[START_REF] Yaliang | A kind of vehicle-mounted LTE antenna[END_REF] 

Figure 118 -

 118 Figure 118-Placement of the antenna in the vehicle [55]

Figure 119 -

 119 Figure 119-The Vivaldi antenna integrated in the spoiler Figure 120 shows the two Vivaldi antennas integrated into each side of the native spoiler.

Figure 120 -

 120 Figure 120-Vivaldi antennas in the spoiler

Figure 121 -

 121 Figure 121-Simulated reflection coefficient for the three studied cases

Figure 123 -Figure 124 -

 123124 Figure 122-Radiation pattern at 0.8 GHz of the three cases for :(a) phi = 0° (b) phi =90° (c) theta = 90°

Figure 125 -

 125 Figure 125-(a) The car with its original spoiler, (b) Removing the old spoiler

Figure 126 -

 126 Figure 126-The car with the new spoiler

Figure 127 -

 127 Figure 127-Native picture of the spoiler with the antenna integrated in it

  Figure 129-(a) The screw places, (b) The connectors inside the car

Figure 131 -

 131 Figure 131-Placement of the vehicle in the phase center Figure 132 represents the laser centering to place the antenna phase center.

Figure 132 -

 132 Figure 132-Laser centring for the phase center

•Figure 133 -

 133 Figure 133-Reflection coefficients of the three cases

Figure 136 -

 136 Figure 136-Different cuts of the vehicle in the anechoic chamber 2D representations: In what follows we will be showing different cuts of the measured radiation pattern presenting the three cases for the antennas integrated in the car's spoiler at phi = 0° (axial plane), phi = 90° and theta = 90° (horizontal plane) at 800 MHz, 1900MHZ, 2300 MHz and 3500 MHz, representing the four frequency bands.
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 138139 Figure 137-Car direction at phi = 0°

HPBWCouplerPort1oFigureFigure 141 -Figure 142 -

 141142 Figure 140-Car direction at phi = 90°

FigureFigure 144 -

 144 Figure 143-Car direction at theta = 90°
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 145 Figure 145-Radiation pattern at theta = 90° for: (a) Coupler port 1 (b) Coupler port 2
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 147148150151153154156157159160162165166168169171 Figure 146-Car direction at phi = 0°
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 173 Figure 173-Basic Structure of a MIMO System [59]
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0 General Introduction 0.1 General Overview of Renault Software Labs

  

	Renault Software Labs is a subsidiary of the Group Renault, founded in 2017 and located in
	France on 2 sites, Toulouse, and Sophia Antipolis. Renault Software Factory is a software R&D
	center that develops software architectures and embedded systems integrated into connected,
	autonomous and electric vehicles. This innovation structure brings together more than 400
	engineers. I am part of the Sophia Antipolis team. [1]
	Also, this thesis was made in collaboration and with the support of the RF and CEM department of
	the DEA-S of the Techno Centre Renault based in Guyancourt.

Table 1 -Antennas present in Renault vehicles with their actual and future integrations Antennas Actual Integrations Future Integrations Systems

 1 

	A growing		
	demand for		
	multi-		
	antenna		
	systems		
	Proliferation of		
	wireless	Difficulties in	
	communication	extrapolating the	Multiplication of
	s systems in	solutions obtained	design and
	vehicles	to different	integration efforts
		vehicles	
	New		
	technologies		
	with specific		
	antennal		
	constraints		

Table 2 -Usage of technologies in the vehicle Technologies Systems Usage inside the car Usage outside the car

 2 

	WiFi	Multimedia	Media Sharing	FOTA
			Phone Mirroring	Download Car Visual
			Remote Parking	
			Download Car	
			Visual	
			In-Car WiFi Hospot	
			IPCM Services	
			(HESR), E2E NAV	
		Communication	Internet Access	EV Wireless
				Charging
			Tethering LTE+	EUICC Profile
			WiFi	Update
				FOTA
	NFC	Dedicated		Access
	RFID	Dedicated		Access
	Access Control	Dedicated		Lock and Unlock
				(iKey) (1m)
				APRUN (Approach
				Unlock) (2m)
				WAL (Walkaway
				Lock) 20cm)
	GNSS	Multimedia and		Calculate a route
		Communication		between two points
				Orient the route
				(Find routes and
				points of interest)
	AM	Multimedia		Infotainment
	FM	Multimedia		Infotainment
	Wireless Charging	Dedicated		Fill the vehicle
	Electrical Vehicle			battery when it is
				parked on a ground
				charger
	Wireless Charging	Dedicated		Recharge the phone
	(Qi)			wirelessly
	V2X			Collision prevention

Table 4 -Maximum efficiency value for the four cases at the corresponding frequency Cases Total Efficiency (dB) S11 (dB) Radiated Efficiency (dB)

 4 

	Frequency
	(GHz)

Table 5 -Searching range of the efficiency values due to the uncertainty of the four cases at the corresponding frequency Cases -0.5 dB + Efficiency Efficiency (dB) 0.5 dB + Efficiency Frequency (GHz)

 5 

	(a)	-2.568	-2.068	-1.568	1.845
	(b)	-2.635	-2.135	-1.635	1.91
	(c)	-1.923	-1.423	-0.923	1.77
	(d)	-2.45	-1.95	-1.45	1.65

Table 6 -Range of tg values corresponding to the range of efficiency values

 6 

	Cases	-0.5 dB +	Efficiency	0.5 dB +	Frequency
		Efficiency		Efficiency	(GHz)
	(a)	0.03	0.023	0.017	1.845
	(b)	0.032	0.025	0.018	1.91
	(c)	0.021	0.015	0.009	1.77
	(d)	0.024	0.018	0.013	1.65

Table 7 -Target antenna specification and constraints

 7 

	Characteristics	Values
	Frequency (MHz)	1575 (+/-10)
	Gain (dBic)	>3
	Axial Ratio (dB)	<3
	Polarization	RHCP
	Maximum dimension (mm 2 )	100 x 100

Table 8

 8 

presents the different dimensions used for the models constituted of FR4 substrate of 0.8 and 1.6 mm, with both values of tangent delta tg.

Table 8 -GPS antenna dimensions

 8 

	Dimensions	Dimensions	h1 = 0.8 mm	h1 = 1.6mm	h1 = 0.8 mm	h1 = 1.6 mm
		annotations	tg = 0.02	tg = 0.02	tg = 0.001	tg = 0.001
	Patch length	yPatch	43	45	43	45
	(mm)					
	Patch width	xPatch	43	45	43	45
	(mm)					
	Ground plane length	yGroundPlane	100	100	70	70
	(mm)					
	Ground plane width	xGroundPlane	100	100	70	70
	(mm)					
	Aperture length	Ls	37.3	34	37.3	34
	(mm)					
	Aperture width	Ws	1.3	1.3	1.3	1.3
	(mm)					
	Microstrip line width	Wf	1.4	2.9	1.4	2.9
	(mm)					
	FR4 substrate length	yGroundPlane	100	100	70	70
	(mm)					
	FR4 substrate width	xGroundPlane	100	100	70	70
	(mm)					
	FR4 substrate height	d3	0.8	1.6	0.8	1.6
	(mm)					
	Plastic substrate height	d1	4	4	4	4
	(mm)					
	Quarter wave (Feeding line)	xT1	24.65	22.65	24.65	22.65
	(mm)					
	Feeding branch	xT7	28	15	28	15
	(mm)					
	Relative permittivity of the	𝜀𝑟1	4.4	4.4	4.4	4.4
	FR4 substrate					
	Loss of the FR4 substrate	tg1	0.02	0.02	0.02	0.02
	Relative permittivity of the	𝜀𝑟2	2.6	2.6	2.6	2.6
	plastic substrate					
	Loss of the plastic substrate	tg2	0.02	0.02	0.001	0.001

.2.3.1.3 Simulated Results

  

Table 11 -Axial ratio and bandwidth in the broadside direction for each of the four antenna configurations

 11 

	First Model	Axial Ratio	Axial Ratio	Minimum Front
		(dB)	Bandwidth	to Back Ratio
			(AR<3dB)	(dB)
	h2 = 0.8 mm	1.52	1.69%	12
	tg2 = 0.001			
	h2 = 0.8 mm	1.02	2.58%	16
	tg2 = 0.02			
	h2 = 1.6 mm	0.64	3.17%	21
	tg2 = 0.001			
	h2 = 1.6 mm	0.78	1.84%	17
	tg2 = 0.02			

Table 12

 12 presents the different dimensions used for the model with both values of tgδ.

Table 12 -GPS antenna dimensions

 12 

	Dimensions	Dimensions	tg2 = 0.02	tg2 = 0.001
		annotations		
	Patch length	yPatch	72.8	72.8
	(mm)			
	Patch width	xPatch	72.8	72.8
	(mm)			
	Ground plane length	yGroundPlane	100	100
	(mm)			
	Ground plane width	xGroundPlane	100	100
	(mm)			
	Aperture length	Ls	40	40
	(mm)			
	Aperture width	Ws	1.3	1.3
	(mm)			
	Microstrip line width	Wf	2.6	2.6
	(mm)			
	Plastic substrate height	d1	4	4
	(mm)			
	Quarter wave (Feeding	xT1	26.5	26.5
	line)			
	(mm)			
	Feeding branch	xT7	29	29
	(mm)			
	Relative permittivity of the	𝜀𝑟2	2.6	2.6
	plastic substrate			
	Loss of the plastic	tg2	0.02	0.001
	substrate			
	1.3.2.3.2			

Table 16 -Summary table

 16 

	Structrures	FR4 and	FR4 and	FR4 and	FR4 and	Air and	Air and
	(Substrate)	plastic	plastic	plastic	plastic	plastic	plastic
		tg2 = 0.001	tg2 = 0.02	tg2= 0.001	tg2= 0.02	tg2 = 0.001	tg2 = 0.02
	Substrate	1.6	1.6	0.8	0.8	4	4
	thickness						
	(mm)						
	Microstrip	50	50	50	50	100	100
	input						
	impedance						
	(ohms)						
	Reflection	-16.62	13.81	-15.7	-17.11	-12.6	13.04
	coefficient						
	(dB)						
	at 1.575						
	GHz						
	Frequency	7.02	8.19	9.08	10.23	1.8	2.5
	bandwidth						
	(%)						
	(S11<-10						
	dB)						
	Axial ratio	0.64	0.78	1.52	1.02	0.35	1.39
	at 1.575						
	GHz						
	Total	-0.57	-2.23	-0.5	-2.02	-0.33	-1.14
	efficiency						
	(dB)						
	Efficiency	16.99	11.23	14.16	10.11	7.5	5.9
	bandwidth						
	(%)						
	(<-3 dB)						
	Gain	5	4.5	4.9	4.4	7.8	6.9
	(dBic)						

Table 17 -GPS Spoiler antenna vs Ceramic antenna vs State of the art 1 vs State of the art 2 Results Spoiler GPS Antenna Ceramic Antenna State of the art 1 [64] State of the art 2 [65] Frequency bandwidth (S11<-10dB) (%)
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		7.02	5	2	4.4
	Min Axial ratio	0.64	1.25	1.52	1.2
	(dB)				
	Max Gain	5	4.34	3.071	1.86
	(dBic)				
	Axial ratio	3.17	5.34	1.3	3.77
	bandwidth				
	(AR<3dB)				
	(%)				
	Dimensions	70x70x5.6	100x100x6.6	70x70x1.6	40x40x1.6
	(mm 3 )				
	Approximative	0.5 euros	4 euros	0.5 euros	0.5 euros
	cost				

Table 18 -Target antenna specification and constraints
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	Characteristics	Values
	Frequency	650 -960
	(MHz)	1700 -2100
		2300 -2700
		3300 -3800
	Gain	>2 (depending on frequency)
	(dBi)	

Table 19 -Dimensions of the structures at different frequencies
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	Antenna Type	Frequency	800	2000	3500
		bands			
		(MHz)			
	Dipole	Height of the	84	32.5	18.35
		dipole			
		(mm)			
		Width of the	10	10	5
		dipole			
		(mm)			
	Wire Patch	Length and width	83.5 x 83.5	41.7 x 41.7	15 x 15
		of the wired			
		patch			
		(mm 2 )			
		Length and width	100 x 100	80 x 80	45 x 45
		of the ground			
		plane			
		(mm 2 )			
		Height between	10	3	10
		the radiating			
		element and the			
		ground plane			
		(mm)			
		Central cylinder	1.27	1.27	2.5

Table 20 -Frequency bandwidths, efficiencies, and gains of the antennas
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	Antenna	Frequencies (MHz)	Frequency Bandwidth	Efficiency	Gain
	Types		(S11<-6dB)	(dB)	(dB)
			(%)		
	Dipole	800	11.99	-0.14	2.09
		2000	16.37	-0.14	2.18
		3500	16.02	-0.14	2.11
	Wire patch	800	2.69	-0.3	1.14
		2000	2.52	-0.3	1.11
		3500	10.57	-0.14	1.3
	Loop	800	4.55	-0.16	3.65
		2000	6.74	-0.34	3.92
		3500	15.61	-0.0003	4.004
	Vivaldi	800	23.75	-0.02	1.956
		2000	N/A	-2.151	4.913
		3500	N/A	-1.695	7.191

Table 25 -Frequency bandwidth, efficiency, peak gain and average gain toward the horizon of the antennas Antenna
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		Frequency	Frequency	Efficiency	Peak Gain	Average gain
	Types	(MHz)	bandwidth	(dB)	(dB)	toward the
			(%)			horizon
			(S11<-6dB)			(dBi)
	Dipole	800	24.98	-1.185	8.996	-2.99
		2000	41.88	-0.815	12.12	-1.17
		3500	Very large	-1.285	10.64	-1.285
	Wire	800	4.26	-2.307	4.879	-1.1
	patch					
		2000	22.41	-0.6621	10.2	-0.84
		3500	Very large	-0.8371	8.269	-0.8371
	Loop	800	16.24	-0.8886	8.235	-3
		2000	2.51	-1.388	9.794	-0.75
		3500	Very large	-1.16	12.13	-4.71
	Vivaldi	800	35.1	-0.97	9.852	-1.64
		2000	Very large	-2.34	9.35	-21
		3500	Very large	-1.9	11.53	-20

Table 26 -Radiation characteristics of the three cases
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	Studies	Frequency bandwidth	Efficiency	Gain	Average Gain
		(%)	(dB)	(dB)	Towards the
		(S11<-6dB)	at 0.8 GHz	at 0.8 GHz	Horizon
	Port 1	34.48	-1.512	7.864	-0.67
	(Sequential mode)				
	Port 2	33.06	-1.632	7.869	-0.66
	(Sequential mode)				
	In Phase	Port 1: 35.77	-1.446	7.755	-1.02
		Port 2: 39.44			
	In Out of Phase	Port 1: 31.83	-1.747	7.076	-0.39
		Port 2: 39.75			

Table 27 -Radiation characteristics of the three cases
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	Studies	Frequency bandwidth	Efficiency	Gain	Average Gain
		(%)	(dB)	(dB)	Towards the
		(S11<-6dB)	at 0.8 GHz	at 0.8 GHz	Horizon
	Port 1	35.83	-1.148	6.383	-1.15
	(Sequential mode)				
	Port 2	35.36	-1.194	6.401	-1.17
	(Sequential mode)				
	In Phase	Port 1: 34.68	-1.045	7.087	-0.33
		Port 2: 38.45			
	In Out of Phase	Port 1: 25.6	-1.227	8.595	-2.06
		Port 2: 34			

Table 28 -Radiation characteristics of the three cases
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	Studies	Frequency bandwidth	Efficiency	Gain	Average Gain
		(%)	(dB)	(dB)	Towards the
		(S11<-6dB)	at 0.8 GHz	at 0.8 GHz	Horizon
	Port 1 (Sequential	31.03	-1.253	8.617	-1.12
	mode)				
	Port 2 (Sequential	27.97	-1.348	8.609	-1.12
	mode)				
	In Phase	Port 1: 22.96	-0.8702	7.647	-0.45
		Port 2: 23			
	In Out of Phase	Port 1: 27.38	-1.768	6.266	-1.82
		Port 2: 40.8			

Table 29 -Radiation characteristics of the three cases
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	Studies	Frequency bandwidth	Efficiency	Gain	Average Gain
		(%)	(dB)	(dB)	Towards
		(S11<-6dB)	at 0.8 GHz	at 0.8 GHz	horizon
					(dBi)
	Port 1	34.27	-1.940	7.414	-0.81
	Sequential mode				
	Port 2	34.32	-1.973	7.423	-0.81
	Sequential mode				
	In Phase	Port 1: 27.5	-1.641	8.334	-1.03
		Port 2: 37.06			
	In Out of Phase	Port 1: 27.85	-2.314	6.735	-0.63
		Port 2: 28.43			

Table 30 -Radiation characteristics of the three cases
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	Studies	Frequency bandwidth	Efficiency	Gain	Average Gain
		(%)	(dB)	(dB)	Towards the
		(S11<-6dB)	at 0.8 GHz	at 0.8 GHz	Horizon
	Port 1	40.53	-1.472	8.812	-1.19
	(Sequential mode)				
	Port 2	40.58	-1.489	8.835	-1.18
	(Sequential mode)				
	In Phase	Port 1: 31.49	-1.29	8.533	-0.21
		Port 2: 32.34			
	In Out of Phase	Port 1: 37.03	-1.755	6.453	-1.8
		Port 2: 26.16			
	2.5.1.6 Summarizing			

Table

  This table summarizes all the previous cases which will allow us to choose the corresponding position.

		Study cases	Frequency	Efficiency	Gain	Average Gain	S21 at
			bandwidth	at 0.8	at 0.8	Towards the Horizon	0.8 GHz
			(%)	GHz	GHz	at 0.8 GHz	(dB)
			(S11<-6dB)	(dB)	(dB)	(dBi)	
	Reference	Port 1	34.48	-1.51	7.86	-0.67	-25.
		(Sequential					
		mode)					

52 Port 2 (Sequential mode) 33.06 -1.63 7.86 -0.66 -25.52 In phase 35.77 and 39.44 -1.44 7.75 -1.02 In Out of

  

			38.45				
		In Out of	25.6 and 34	-1.22	8.59	-2.06	
		Phase					
	X = -100	Port 1	31.03	-1.25	8.17	-1.12	-12.33
	mm	(Sequential					
		mode)					
		Port 2	27.97	-1.34	8.09	-1.12	-12.33
		(Sequential					
		mode)					
		In phase	22.96 and	-0.87	7.64	-0.45	
			23				
		In Out of	27.38 and	-1.76	6.26	-1.82	
		Phase	40.8				
	Rot = 5°	Port 1	34.27	-1.94	7.41	-0.81	-25.39
		(Sequential					
		mode)					
		Port 2	34.32	-1.97	7.42	-0.81	-25.39
		(Sequential					
		mode)					
		In phase	27.5 and	-1.64	8.33	-1.03	
			37.06				
		In Out of	27.85 and	-2.31	6.73	-0.63	
		Phase	28.43				
	X = -100	Port 1	40.53	-1.47	8.81	-1.19	-11.41
	mm et rot	(Sequential					
	= 5°	mode)					
		Port 2	40.58	-1.48	8.83	-1.18	-11.41
		(Sequential					
		mode)					
		Phase In phase	31.83 and 39.75 32.34 31.49 and	-1.74 -1.29	7.07 8.53	-0.39 -0.21	
	Y = +/-350 mm	Port 1 (Sequential Phase In Out of	35.83 26.16 37.03 and	-1.14 -1.75	6.38 6.45	-1.15 -1.8	-25.15
		mode)					
		Port 2	35.35	-1.19	6.40	-1.17	-25.15
		(Sequential					
		mode)					
		In phase	34.68 and	-1.04	7.08	-0.33	

Table 31 -Antenna dimensions Dimensions Dimensions annotations Values Length of the substrate
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		ySub	90
	(mm)		
	Width of the substrate	xSub	100
	(mm)		
	Height of the substrate	hSub	1.6
	(mm)		
	Relative permittivity of the	𝜀𝑟1	4.4
	substrate		
	Slot radius		
	(mm)		

Table 32 -Antenna radiation characteristics
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	Characteristics	Frequencies	Values
		(MHz)	(dB)
	Efficiency	800	-3.098
		2000	-0.8967
		3500	-0.4136
	Gain	800	1.947
		2000	5.135
		3500	6.377

Table 33 -Antenna dimensions
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	Dimensions	Dimensions	Values
	(mm)	annotations	
	Length of the substrate	ySub	100
	Width of the substrate	xSub	100
	Width of the Vivaldi	xVivaldi	90
	Height of the substrate	hSub	0.8
	Relative permittivity of the substrate	𝜀𝑟1	4.4
	Slot radius	rCircle	10
	Tapering Link	TL	50
	Spacing between the two lips of the Vivaldi at	s	2
	port level		
	Slot length	ySlot	21.45
	Spacing between the two lips of the Vivaldi at	sHighest	34.95
	its highest point		
	Parasite width	wParasite	2.05
	Length of the linear part of the parasite	lParasite	34

Table 34 -Influence of each element modified or added to the Vivaldi structure Study cases Coverage (S11<-6 dB) (GHz) Frequencies (MHz) Efficiencies (dB) Gain max (dBi)
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	Vivaldi	0.9-1.1	800	-5.482	2.142
	with a		2000	-0.7427	5.137
	normal	1.6-2.19			
	stub		3500	-2.593	7.217
	Vivaldi	0.8-0.98	800	-1.361	1.969
	without		2000	-0.1351	5.232
	engraving	1.39-3.41			
	and with a		3500	-2.079	4.656
	balanced				
	stub				
	Vivaldi	0.8-2.1	800	-2.344	1.947
	with		2000	-0.3175	5.135
	engraved	1.45-3.62			
	edges and		3500	-0.4705	4.926
	without				
	parasite				
	Final	0.82-1.1	800	-2.799	1.938
	Vivaldi		2000	-0.9473	5.256
		1.47-4			
			3500	-1.316	6.202

Table 35 -Simulated vs Measured characteristics of the Vivaldi antenna Characteristics (dB) Frequencies (MHz) Simulated Results Measured Results
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	Efficiency	800	-2.79	-1.8
		2000	-0.93	-1.05
		3500	-1.31	-0.97
	Gain	800	1.93	2.86
		2000	5.25	5.4
		3500	6.2	5.89
	At 2000 MHz and 3500 MHz, the gains are almost similar. A difference of 0.9 dB is only perceived at
	800 MHz.			
	This model can cover almost the entire frequency bandwidth, while having good radiation results.

Table 36 -Frequency coverage Studied cases Coverage of the first band (GHz) Coverage of the second band
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	(GHz)

Table 37 -Characteristics of the Vivaldi antenna integrated in the spoiler
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	Frequency	Studied cases	Efficiency	Gain
	(GHz)		(dB)	(dB)
	0.8	Port 1 (Sequential mode)	-0.96	3.14
		Port 2 (Sequential mode)	-0.92	3.34
		In Phase	-0.73	5.73
		In out of phase	-0.88	5.38
	2	Port 1 (Sequential mode)	-0.82	8.89
		Port 2 (Sequential mode)	-0.9	7.8
		In Phase	-0.95	10.73
		In out of phase	-0.76	6.56
	3.5	Port 1 (Sequential mode)	-0.96	8.93
		Port 2 (Sequential mode)	0.95	8.54
		In Phase	-0.98	7.93
		In out of phase	-0.96	9

Table 38 -Proposed antenna system vs State of the art 1 vs State of the art 2 Results Proposed antenna system State of the art 1 State of the art 2
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	Frequency	[0.7 -1]	[0.8 -2.7]	[0.7 -1]
	bands covered	[1.3 -3.8]	[3.4 -3.9]	[1.7 -4]
	(S11<-6dB)			
	(GHz)			
	Max Gain	> 3 -10.8	> 2 -8	> 4 -7.34
	(dBi)			
	Dimensions	100 x 100 x 1.3	30 x 80 x 1.6	69 x 81 x 2
	(mm 3 )			
	ECC max	<0.015	<0.3	N/A

Table 39 -Frequency coverage
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	Study cases	Frequency coverage
		(<-6 dB)
		(GHz)
	In phase coupler	0.6 -0.99
		1.48 -4
	In out of phase coupler	0.6 -1
		1.5 -4
	Left antenna	N/A
		1.62 -2.5
		2.7 -4
	Right antenna	0.77 -0.8
		1.54 -2.2
		2.7 -3.6

This thesis work was funded by a CIFRE contract. It was done in collaboration between Renault Software Labs and the Laboratoire d'Electronique, Antennes

The methodology used to optimize the antenna is presented in the flow chart on Figure 33.

Antenna Design Models

The first model (Figure 34) is composed of two layer substrates, where the first substrate is the plastic of the spoiler that we have characterized in the previous part, and the second substrate is the well-Expected specifications of the target antenna Choice of materials used as substrates for the antenna Calculation of the patch, the slot and the feeding line dimensions

Adaptation of the results to the maximum dimension constraints of the antenna

• Variation of the dimensions of the patch for the optimization of S11

• Variation of the branch supply for the optimization of the axial ratio (< 3dB)

• Variation of the slot dimensions for a better adaptation of the axial ratio Final dimensions adapted to the total size of the antenna ohms for the microstrip feed line to reduce its width. Indeed, an impedance of 50 ohms on this substrate of lower dielectric permittivity, leads to a line that is too wide to be realized.

The integration on CST Microwave Studio simulator is presented in the figures below: 

Antenna Dimensions

Here again, the 100-ohm microstrip line was designed in such a way that its length between each branch is a quarter of a guided wavelength, in order to create the 90-degree phase shift necessary to supply the two slots, each one exciting an orthogonal mode of the patch. The same studies were done as the previous part with two values of tgδ, 0.001 and 0.02. In terms of reflection coefficient and bandwidth, the models using a higher tg show better result than the other one, like the previous model.

Figure [START_REF] Kim | A Single-Feeding Circularly Polarized Microstrip Antenna with the Effect of Hybrid Feeding[END_REF] and Figure 44 shows the efficiency of the two antennas.

Figure 43-Efficiency of the second simulated GPS antenna for different tg

Table 15 presents the axial ratio and its bandwidth in the broadside direction for both antennas. The "in Phase" and "in Out of Phase" curves represent the reflection coefficients of the two cases where the antennas are fed in phase and in out of phase respectively.

We can see that the impact is quite weak whatever the case studied.

2D representations:

In what follows we will be showing 2D representations of the total gain of the different cuts of the radiation pattern presenting the three cases for the antennas integrated in the car's spoiler at 800

MHz: phi = 0°, phi = 90° and theta = 90°. The band from 0.65 GHz to 0.96 GHz was not completely covered, only it was covered from 0.82 GHz to higher frequencies (<-6dB), because we couldn't widen the dimension of this antenna due to the limitations imposed on its size for integration in the spoiler, knowing that the size of the antenna affects the lowest band.

Radiation Results in the Anechoic Chamber

The efficiencies measured in the anechoic chamber are the following:

Figure 134-Efficiency of the three cases

By mentioning that the chamber has been calibrated for specified bands.

We can see that good system efficiency is perceived, especially in the higher bands.

Average gain in the horizon direction:

Figure 135-Average gain towards the horizon direction

Just by analyzing both graphs we can see that:

• Similar bands in both cases with and without couplers are achieved.

• A great loss is perceived in the low frequencies. This can be caused in addition to the reasons cited above, by the redirection of the cables inside the vehicle since the antenna was wired by a coax.

Otherwise, higher frequencies work better than lower frequencies.

Comparing the results with the spoiler alone, we find that the vehicle body has significant effects on antenna performance.

Figure 136 expends the different cuts of the vehicle in the anechoic chamber. It can be seen from the measurements, and in any case, that the coupler doesn't have too much effect on the radiation patterns, since we had some expectations that it can make an omnidirectional radiation pattern. From these radiation patterns, we can see that the antenna radiates best at the average frequencies 1900 and 2300 MHz. Not all of these results will be 100% accurate due to calibration errors. 

Conclusion

By comparing the results of the Vivaldi antennas integrated in the spoiler alone with the results of the antennas integrated in the vehicle, we can notice that the vehicle body has too much effect on the performance of the antennas, this is confirmed by the differences in efficiency, especially in low band.

Also, the differences in S parameter prove this fact. So, we can say that the results of the antennas integrated in the vehicle are promising.

MIMO Performance

Coming back to the model, we can notice that a 2x2 MIMO system was created by the association of two Vivaldi antennas on the spoiler.

To study the performance of this MIMO system, the Envelope Correlation Coefficient (ECC) and the Diversity Gain (DG) must be calculated and interpreted.

What is MIMO, ECC and DG?

By definition:

A. A MIMO system (Figure 173) is made up of several transmitters and receivers which have a function of transmitting data at the same time [START_REF]What Is Multiple-Input-Multiple-Output?[END_REF]. To create such a system, the number of antennas must increase from one to two antennas or more. This system must be able to control several antennas simultaneously during transmission or reception. [START_REF] Abracon | Top 3 Advantages of MIMO[END_REF] 

General Conclusion

With the advancement of technologies in all areas of life, several problems arise due to the complexity of communication systems. These problems relate of course to the automotive field. Indeed, the automotive field confront a proliferation of wireless communication systems in vehicles. A growing demand for multiantenna systems is increasing for the purpose of reducing the number of radiating elements; several systems with specific antenna constraints are now required in vehicles. Another problem is posed on the integration of visible antennas on the vehicles, so nowadays all that is visible is not pleasant and acceptable.

In Chapter 1, we designed several models of GNSS antennas. All models were promising. We chose a single model to prototype, integrate and measure. It is an original solution for an integration into an already existing plastic part of the vehicle. The results show that a GPS antenna with circular polarization can be efficiently integrated, with performances equivalent to state-of-the-art structures using a dedicated radome.

Moreover, the aesthetics of the vehicle are not deteriorated, which makes it a very competitive and low-cost solution by comparing with an industrial ceramic antenna that is more expensive.

In chapter 2, several canonical antenna models working under central frequencies 800, 2000 and 3500

MHz representing the cellular bands were studied alone, then those canonical antennas were integrated into a simplified vehicle model and they were also studied under the same three frequencies 800, 2000 and 3500 MHz. The results show that the wire patch presents the most omnidirectional radiation pattern toward horizon, but frequency bandwidth is the narrowest, the Vivaldi antenna presented the best results in the lowest band, which is normally the hardest band to cover, for that reason the Vivaldi antenna was selected for the remainder of the studies. Then two Vivaldi antennas were placed on each side of the spoiler of this simplified vehicle model knowing that the Vivaldi antennas are directional. A study aiming to choose the best antenna placement was conducted allowing to have an omnidirectional radiation pattern. We have selected the model of the vehicle in which the two Vivaldi antennas are translated of 100 mm towards the front of the vehicle and rotated (towards the front of the vehicle) of 5° from the phase center of each antenna.

In Chapter 3, an original Vivaldi antenna was designed, being able to capture almost the whole of the sought band. This model was subsequently prototyped and measured. Very good results in terms of efficiency and gain were perceived.

In Chapter 4, the Vivaldi designed in chapter 3 was integrated into the spoiler alone in two copies, while respecting the location chosen previously. A comparison with state-of-the-art structure showed very good results for our system. Then this system was positioned in a real Renault vehicle which is the Zoe and measured at Aubevoye. Measurements with and without couplers were made to be able to select the best configuration allowing us to have a greater signal coverage. A large part of the frequency bandwidth was captured for measurements without couplers while the entire frequency band was captured for measurements with couplers. The results were relatively good, knowing that the calibration was not perfect.

A comparison was then made with the specifications required cited in the beginning and showed that our system has reached all the required specifications.

By comparing the results with the spoiler alone, we find that the vehicles body has effects on the performance of the antennas. For future work: