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Abstract  In this paper the design and test of a frequency 

modulated continuous wave (FMCW) radar to be used as 
electronic travel aid for visually impaired subjects are 
presented. The sensor is based on the Infineon BGT24MTR11 
integrated circuit, whose output frequency has been 
controlled by the Analog Devices AD4158 integrated circuit. 
A transmitting and a receiving serial array of patch antennas 
have been designed and realized. The designed sensor 
uncertainty has been experimentally investigated, finding a 
worst case value close to the theoretical resolution of 0.6 m 
calculated from the FMCW signal band. 
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1.  INTRODUCTION 

Worldwide 285 million people are estimated to be visually 
impaired and among them 39 million are blind, while the 
remaining 246 million have low vision [1]. With an increasing 
elderly population in many countries, more people will be at 
risk of visual impairment due to chronic eye diseases and 
ageing processes.  

The mobility in unknown environments is one of the 
major problems for visually impaired people [2]. Usually they 
trust a carer or use aids such as the white cane or the guide 
dog [3]. However, these solutions are not optimal. For 
example, the more widespread white cane allows only a 
limited exploration capability, providing no information on 
obstacles at the upper body height and on the obstacle actual 
distance, size and possible movement. 

Currently, there are some electronic travel aids (ETAs) for 
the visually impaired people mobility, whose primary 
function is the detection and location of objects along the path 
of the user [4] - [6]. They are based on ultrasonic or optical 
systems. However, such systems present some limitations, 
such as the limited range, the difficulty to operate in the 
presence of very reflective surfaces and with a low incidence 
angle. Moreover, specifically for the optical devices, a further 
limit is the dependence on the ambient brightness and on the 
optical characteristics of the obstacle surface [4, 5]. Recent 
studies [7, 8] show the possibility of using electromagnetic 
radiation for the detection of obstacles. 

Ultra wideband radar can be used for realising ETA 
devices. These radars have high resolution but require bulky 
antennas [9, 10]. On the contrary, frequency modulated 

continuous wave (FMCW) radars use compact planar 
antennas and have the further remarkable advantage of being 
realised in integrated technology resulting in a very compact 
device. Moreover, FMCW radars are currently widely used in 
the automotive sector [11] and can be adapted to the proposed 
application. Finally, thanks to its small dimension the FMCW 
radar can be easily integrated in the white cane that is largely 
used by visually impaired subjects. 

In this paper, the design of a portable device for the 
mobility of visually impaired people, using the FMCW 
technology, is addressed and some preliminary 
characterization tests are performed.  

2. RADAR SYSTEM OVERVIEW 

The schematic of the designed radar is reported in Fig. 1. 
The main block of the radar is constituted by the 
BGT24MTR11 integrated circuit (IC) by Infineon. This IC is 
based on a 24 GHz voltage controlled oscillator (VCO in Fig. 
1) operating from 24 to 24.25 GHz (ISM Band). The power 
delivered to the radiating antenna by the power amplifier (PA) 
is about 11 dBm. The receiving channel is constituted by a 
low noise amplifier (LNA) and an I&Q demodulator. A 
frequency prescaler (:R) is included, with scaling factor equal 
to 16. To linearize the VCO characteristic the Analog Devices 
UG-123 IC has been used. This IC contains the ADF4158 
phase locked loop (PLL). The inputs of the phase frequency 
detector (PFD) are an internal 10 MHz reference oscillator 
and the N-scaled output of the frequency prescaler (:R). 

 

 
 

Fig. 1. Block scheme of the FMCW radar system.  
The PFD charge pump feeds the fine control of the VCO. 

This IC is also able to generate a frequency ramp for the 
FMCW radar operation. Finally, the radar comprises 
transmitting and receiving antennas and a high pass amplifier 



to optimize the data acquisition (DAQ) operation. A PC 
controls both the ramp generation and the signal acquisition 
by using the Analog Devices ADF4158 software and 
LabVIEW, respectively. 

2.1. Antenna design 

Fig. 2 shows a scheme of the radar on the white cane 
together with the position of possible obstacles.  

 

Fig. 2. Scheme of the considered scenario.  
 

A serial patch array has been chosen both for the 
transmitting and receiving antennas. To design the array the 
Microwave Studio software by CST has been used. In order 
to guarantee a field of view between two and five meters, with 
an azimuthal resolution of about 10°, a 8 patches serial array 
was necessary. In particular, since the radar output (TX) is 
differential, a balanced antenna has been realised (see Fig. 
3a). Fig. 3b shows the simulated reflection coefficient and 
Fig. 3c the simulated radiation diagram on the x-z plane for 
this antenna. Fig. 3b shows the good matching of the antenna 
in the ISM band while from Fig. 3c a -3 dB aperture of about 
10° can be extrapolated together with a maximum gain of 
about 14 dBi. Concerning the receiving antenna (not shown), 
it uses the same array in Fig. 3a attached to a Wilkinson power 
combiner with balanced inputs. 

2.2. Power budget 

By using the radar equation the received power can be 
expressed as: 

 

	 		 		 	 	

	
			   (1) 

 

where PT is the transmitted power, GT and GR are the 
transmitting and receiving antenna gains, σ is the target radar 
cross-section, λ the signal wavelength, and R the target-sensor 
distance. With σ = 1 m2 (typical value for a standing subject), 
R = 5 m, and GT = GR = 14 dBi a received power of 1.2 nW 
is achieved. Since the total voltage gain of the LNA and I&Q 
demodulator is about 5, an RMS voltage of 1.2 mV is 
achieved at the in phase output (I). In order to amplify the 
demodulated signal and filter the 50 Hz noise a 40 dB high 
pass amplifier (fc = 200 Hz) has been added (AMP in Fig. 1).  

2.3 Radar characteristics 

From the FMCW radar theory [12] the range information 
is converted in output signal frequency through the equation: 

 

	
∆
		    (2) 

 

where c is the speed of light, f = 250 MHz is the radar 
bandwidth and T is the repetition period. Moreover the radar 
distance resolution is:  

 

∆
					     (3) 
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Fig. 3. (a) Layout of the designed transmitting patch antenna, (b) 
return loss of the antenna as a function of frequency and (c) 

antenna simulated gain. 
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3. RESULTS 

The ADF4158 has been programmed to generate a frequency 
ramp between 1500 MHz and 1515,625 MHz. The ramp is 
repeated with a frequency of 250 Hz. This frequency ramp at 
the PLL input port is compared with the VCO output scaled 
by the factor RN and converted in a voltage ramp at the fine 
input of the VCO.  

Fig. 4 shows the assembled radar system with the 
BGT24MTR11 integrated circuit by Infineon with its serial 
peripheral interface (SPI) and the AD UG-123 IC. In the 
figure the realised high pass amplifier is also shown. 

 

 
Fig. 4.  Picture of the realised prototype. 

 
 

 
Fig. 5. Voltage ramp at the PLL output together with the output 

sinusoidal signal. 

 

A first test of the system was conducted placing a 4.5-m 
long coaxial cable between the input (RFIN) and the output 
(TX) of the radar. Taking into account the permittivity of the 
Teflon insulator (R = 2) and the round trip delay, this physical 
length (L) corresponds to an equivalent obstacle distance: REQ 
= L √  /2 = 3.2 m. Fig. 5 (upper part) shows the voltage ramp 
at the fine input of the VCO with a duration of 3 ms together 
with the voltage at the output (see I in Fig.1). The output 
sinusoidal signal is clearly visible. In order to measure the 
output frequency the FFT option of the oscilloscope has been 
used obtaining a value of 1.74 kHz. By using (2) with T = 3 
ms, fDelay = 1.74 kHz, and f = 250 MHz the measured 
obstacle range (RMEAS) is equal to 3.13 m, in optimum 
agreement with the theoretical 3.2 m value. 

3.1. Radar characterization 

In order to experimentally evaluate the measurement 
uncertainty of the whole radar system a study has been 
performed by inserting 9 cables with different lengths 
between the RFIN and TX radar ports.  

Fig. 6 shows the measured distance (RMEAS) as a function 
of the equivalent obstacle distance (REQ). On the same figure 
the ideal radar characteristic RMEAS = REQ has been reported. 
In order to better highlight the measurement uncertainty, Fig. 
7 shows the differences between measured and equivalent 
obstacle distance as a function of the equivalent distance 
itself. The figure highlights a measurement bias of about 0.2 
m with a worst case uncertainty of 0.5 m. This value is 
comparable to the theoretical resolution of 0.6 m calculated 
from the FMCW signal band. 

 
 

  

Fig. 6. Measured distance as a function of the equivalent obstacle 
distance. 

 

 

 
Fig. 7. Differences between measured obstacle distance and the 

equivalent obstacle distance as a function of the equivalent distance 
itself. 
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4. CONCLUSIONS 

In this paper the design and test of a FMCW radar to be 
used as electronic travel aid for visually impaired subjects has 
been presented. The sensor is based on the Infineon 
BGT24MTR11 IC whose output frequency has been 
controlled by the Analog Devices AD4158 IC. Two serial 
arrays of patch antennas have been designed and realized. The 
designed sensor uncertainty has been experimentally 
investigated, finding a worst case value close to the 
theoretical resolution of 0.6 m calculated from the FMCW 
signal band. Future developments of the radar will be the 
integration of the two IC’s and of the antennas on a single 
board. Moreover, particular attention will be devoted to the 
design of an ad hoc interface to communicate the obstacle 
distance information to the user. It is worth to be noted that, 
with respect to other similar ETA’s located on belt or 
backpack, the proposed sensor utilizes the white cane that is 
very familiar for visually impaired subjects and hence is 
expected to be easily accepted. 
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