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Abstract— This paper proposes a multiple-input multiple-

output (MIMO) antenna array with four RXs and three TXs 

designed in a certain geometry configuration to achieve obstacle 

detection ability in both horizontal and vertical planes for an anti-

collision radar system, which can enable visually impaired people 

to perceive the environment better in their everyday lives. An 

aperture coupled wide-beam patch antenna with two parasitic 

patches is proposed for each channel of RXs and TXs, which is 

utilized on a four-layer flexible printed circuit board (PCB) to 

ensure its compactness and wearability. The proposed MIMO 

antenna array achieves well-matched impedance in the frequency 

range of 76-81 GHz and the realized gains of 4.2 dBi and 2.4 dBi 

in each RX and TX channel respectively. It also realizes a wide 

3dB beamwidth of larger than 90 degrees in the horizontal plane 

which improves the radar system angular coverage. 
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I. INTRODUCTION 

Nowadays, the estimated number of visually impaired 
people in the world is 285 million, which includes 39 million 
blind and 246 million with poor vision [1]. One of the major 
challenges in the everyday life of a visually impaired person is 
to avoid collisions while walking in an unknown environment. 
Radar systems are well-known for obstacle detection, however, 
they are typically bulky, rigid, expensive, and not suitable for 
wearable applications [2]-[4]. But, with the advancement in 
highly integrated radar integrated circuits (IC) and flexible PCB 
technology, a low-cost and wearable radar can be realized as an 
ideal solution for this purpose. The design of MIMO antenna 
array plays the most important role in the radar system as the 
antenna array is in charge of sensing the environment. There are 
three main requirements for this antenna array design. First, the 
MIMO array configuration should be optimized for better 
angular resolution. This optimization can be achieved by 
adopting the concept of virtual antenna array which is the major 
advantage of MIMO array [5]. Second, each antenna element in 
the array should have a wide 3 dB beamwidth, especially in the 
horizontal plane, for good radar angular coverage. Last, good 
isolation between the antenna and the lossy human body should 
be established because the presence of the human body can 
considerably deteriorate the antenna radiation performance. 

II. DESIGN OF MIMO ARRAY CONFIGURATION 

For MIMO radar arrays, the change of transmitting position 
will cause a total equal phase delay on all receiving antennas, 
compared with the original transmitting array [6]. Therefore, if 

the multiple transmitting array is placed at a proper pattern, the 
corresponding phase delay pattern of the receiving antennas will 
equivalently enlarge the receiving array size via the virtual 
antenna array as shown in Fig. 1. Usually, for better angular 
resolution, arrays with more receiving antennas are preferred, 
but that increases the space requirement. To achieve good 
resolution in horizontal and azimuth planes with a minimum 
number of antennas, the MIMO array configuration is optimized 
as shown in Fig. 1. In this configuration, 8 horizontal antennas 
and 2 vertical antennas are equivalently realized from 3 TX and 
4 RX physical antennas, reducing half of the array size. 

  

Fig. 1. Schematic for of the complete flexible radar system. 

III. DESIGN OF ANTENNA ARRAYS 

To achieve a good angular coverage, each antenna element 
in both TX and RX channels should have a wide beamwidth of 
90 degrees at least in the horizontal plane. Besides, the antenna 
array needs to be realized on a flexible substrate to ensure its 
flexibility and wearability. In this design, a four-layer 
polyimide-based flexible printed circuit (FPC) process is chosen 
for fabricating the antenna array. Four main structures need to 
be properly designed to ensure the antenna array performs well. 
These structures are the transmission line (TL), the transition 
from the chip output to the TL, the antenna feeding structure, 
and the radiation element. 

 

Fig. 2. Cross-section view of the antenna array. 

As shown in Fig. 2, the radar chip is mounted on the first 
metal layer, while the stripline is implemented in the third metal 
layer. Therefore, a vertical RF transition is required to ensure 
smooth RF signal transmission between the two layers. In this 
design, a vertical coaxial-like structure is designed for the 
transition. As shown in Fig. 2, a via from RF output pad to the 



 

 

stripline behaves as the center conductor of the coaxial structure 
and it is surrounded by a grounded via fence to confine the 
electromagnetic (EM) waves. Besides, there are round openings 
in each ground layer surrounding the vertical transition to let the 
EM waves pass. By optimizing diameters of the center via, 
openings in each metal layer, and the via fence, the optimized 
results of the vertical transition are obtained, where both S11 and 
S22 are below -19 dB, indicating its good impedance matching to 
50 ohm chip output. 

In this proposed design, an aperture coupled patch antenna 
with two parasitic patches is designed, as shown in Fig. 2. The 
driven patch in the center is fed by the stripline through the slot 
on the top ground. There are two reasons for the selection of the 
aperture-coupled feeding method. On the one hand, the top 
ground plane can isolate the long feeding line from the radiating 
element, therefore the interference is minimized. On the other 
hand, the width, length, and position of the slot can be used to 
optimize the design, especially its impedance matching. To 
increase the beamwidth in the horizontal plane to more than 90 
degrees, two identical parasitic patches (Patch1 and Patch2) are 
coupled to the driven patch in the center through the radiating 
edges of the driven patch. The coupling between patches can be 
tuned by the gaps between them to control the impedance 
matching and the radiation pattern of the antenna. After 
optimization, the patch dimension is determined to be 1.3 mm × 
0.8 mm. The width and length of the feeding slot are 0.3 mm and 
0.68 mm. The spacing between the two patches is 0.1 mm. The 
same antenna structure has been applied to all seven channels as 
shown in the final layout in Fig. 3(a), while all the four RX 
channels and the three TX channels have striplines with the 
same lengths, respectively. Therefore, the phase change between 
the antenna element and the radar chip output is the same for all 
the RX and TX channels, which is important for the subsequent 
signal processing.  

 
(a) 

 
(b) 
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Fig. 3. Simulation of MIMO Antenna Array (a) HFSS model, (b) reflection 

coefficient, (c) radiation patterns of RX antenna, (d) radiation patterns of TX 

antenna. 

Fig. 3(b) shows that all the seven channels have a well-
matched impedance in the frequency range of 76-81 GHz. For 
the far-field radiation performance, RX antenna element shows 
a realized gain of 4.2 dBi with a radiation efficiency of 56.3%, 
while antenna element in TX channels have a realized gain of 
2.1 dBi with a radiation efficiency of 28.8%. As shown in Fig. 
3(c), for the antenna elements in the RX channels, the 3dB 
beamwidth of 101.8 degrees and 66.9 degrees are obtained in H-
plane (horizontal plane) and E-plane (vertical plane), 
respectively. Fig. 3(d) shows that antennas in the Tx channels 
have a 3 dB beamwidth of 89.0 degrees in the H-plane and 78.3 
degrees in the E-plane. The radiation performance fulfills the 
requirement of 90-degree beamwidth in the horizontal plane. 

IV. CONCLUSION 

This paper proposed a 76-81 GHz MIMO antenna array for 
wearable radar system to realize the collision avoidance function 
for visually impaired people. The aperture coupled patch 
antenna with two parasitic patches is designed along with the 
corresponding feeding network for all the TX and RX channels. 
The antenna element achieves well-matched impedance in 76-
81 GHz and the desired wide 3 dB beamwidth of over 90 degrees 
in the horizontal plane. 
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