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Abstract— The design and implementation of a real-time 
passive high Doppler resolution radar system is described in this 
paper. Batch processing and pipelined processing flow are 
introduced for reducing the processing time to enable real-time 
display. The proposed method is implemented on a software 
defined radio (SDR) platform. Two experiments using this system 
are described: one based on small human body motions and 
another one on hand gesture detection. The results from these 
experiments show that the proposed system can be used in a 
range of application scenarios such as eHealth, human-machine 
interaction and high accuracy indoor target tracking. 
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I.  INTRODUCTION 
Passive radar was first proposed and implemented during 

World War II for detecting aircraft by using the radio signals 
emitted by other radar systems [1]. In more recent years, 
passive systems that used FM radio, analog television and radio 
communication signals have been developed for detecting and 
tracking airborne targets. With the deployment of wireless 
communication infrastructures such as cellular, digital radio 
and internet networks a number of additional applications have 
been developed which include passive systems for monitoring 
highway traffic [2] and Wi-Fi passive radar for indoor person 
detection [3]. 

Wi-Fi passive radar has been used for detecting people in 
office buildings [4] and through-walls [3]. It has also been used 
for tracking a vehicle in an open field [5]. These studies proved 
that 802.11x signals can be used as the illuminator for target 
detection and tracking in both outdoor and complex indoor 
scenarios. Recently, further studies in [6], [7] have 
demonstrated the potential of capturing very small Doppler 
shifts which can be mapped to small human body movement. 
The signal processing methods used in [6] and [7] have been 
out of the scope of traditional radar signal processing. The 
method for extracting Doppler information in these systems 
(WiSee and Wi-Vi) is different from the cross correlation 
methods normally used in radar systems. WiSee developed an 
equalized FFT method for capturing the Doppler shifts from 
the reflected Wi-Fi signal, similar to the traditional short-time 
Fourier transform (STFT). The Doppler resolution of this 
method depends on the integration time of the FFT. In addition, 
the complexity of the system using the proposed method 
increases significantly because it has to implement the 
demodulation and channel decoding according to 802.11x 

protocols for the purpose of the equalizing the OFDM symbols. 
The Wi-Vi project proposed a 2 TXs and 1 RX system which 
uses an analog method to extract the Doppler shift from the 
reflected signal. The analog principle helps the Wi-Vi system 
to work in a real-time mode compared with the STFT or 
ambiguity function methods. However, the analog processing 
principle limits the potential of the interference elimination 
which is very important in an indoor application scenario. The 
Wi-Vi has not been verified with the standard Wi-Fi AP since 
it uses a specially modified transmitter. Regarding small 
Doppler shift detection, similar work has been discussed in [8] 
with an active radar system but little work has been reported in 
the passive radar field especially passive systems using Wi-Fi 
illuminators. In this paper, a micro-Doppler detection method 
is proposed for the passive Wi-Fi radar for capturing very small 
Doppler shifts caused by human body movement. 

For a radar system, the detection accuracy is largely 
determined by two factors: bandwidth; which determines the 
range resolution; and integration time which determines the 
Doppler resolution. In a passive system using Wi-Fi, the signal 
bandwidth is fixed at 20(802.11a,g,n)/22(802.11b)/40(802.11n) 
MHz, which equates to 7.5 to 15 meters fix range resolution, 
while the integration time is variable. This means that the 
Doppler resolution can be improved by taking longer samples 
during processing. A similar description can be also found in 
the other digital Doppler information extraction method, for 
example more OFDM symbols are required according to the 
processing principle in [6]. However, the main problem with 
longer integration times is that a longer processing time is 
required for extracting the Doppler information from the very 
large volume of data samples. In some cases, Doppler 
information may even be lost when the processing time is 
longer than the next sampling duration. Thus, batch processing 
[9] is introduced in this paper to reduce the processing time 
needed for the long samples sequences which are used for high 
Doppler resolution passive Wi-Fi radar. In addition, a pipeline 
processing flow is proposed for enabling real-time Doppler 
output. In this paper we also report the design and build of a 
real-time software defined radio (SDR) system which has been 
used to verify the proposed fast cross correlation function 
(CAF) calculation and related processing flow. Two 
experiments were designed and carried out for detecting small 
human body movements and hand gestures. The experimental 
results prove the effectiveness of the proposed real-time 
hardware and processing software , demonstrate the potential 
of real-time high accuracy Doppler tracking and human-
machine interacting based on Wi-Fi signals.   
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This paper is organized as follows. Sectio
proposed real-time processing method 
configuration. The experiments for small hu
and hand movements are presented with the
III. Finally, the results are summarised in Sec
potential applications discussed. 

II. REAL-TIME SIGNAL PROCESSING
IMPLEMENTATION  

A. Radar Processing 
In order to obtain the range and Doppl

target, a 2-D time frequency analysis tool, th
function (CAF) is often used. A discrete fo
shown in (1): ܨܣܥሺ߬ௗ, ௗ݂ሻ ൌ ∑ ሾ݊כݏሾ݊ሿݎ ൅ ߬ௗሿே௡ୀ଴
where N is total number of samples, n is n-th
s[n] are discrete-time reference and surve
complex form, operator * is complex conjug
time delay which can be converted to range
Doppler shift. 

 If the sample rate in the above discrete sy
integration time of the equation (1) will be ሺܰ
Doppler resolution will be ሺܰ · ௦݂ሻିଵ Hz. Th
will be required if higher Doppler resolutio
example, a 2 second integration time wi
approaching 0.5 Hz Doppler resolution. H
application scenarios such as hand moving or
target movement velocity and directio
significantly while the position will be unch
integration time. Then, in one range bin of 
more than one Doppler shift will appear. I
situations, positive and negative Doppler shi
the same range bin. In order to reduce the
above phenomenon, a windowing method 
obtain the sample sequence to be processed
method is shown in Figure 1: 

 In the windowing method, each Wind
information comparing with the adjacent p
The processing result with windowing shif
clearer Doppler varying trend. The pro
windowing method should be limited to less 
shown in Figure. 1, which means an even 
Similar limits exist in other digital Doppl
methods, for example the STFT in [10]. 
Doppler shift capturing processing, batc
introduced in this work. The batch pr
demonstrated by Figure 2. 
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with the corresponding refer
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B. Real-time System Design an
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Doppler shifts that are caused during the 
detected and recorded by the system i
experimental set-up and results are describe
section. 

A. Experiment 1: Human Body Gesture Dete
The Wi-Fi AP used in this experiment is

which has 15 dBm power output. One antenn
as the reference channel and the other antenn
target as the surveillance channel. Both 
selected from variety of different type of ante
the application scenario. For example, for
through-wall scenario, a low gain, omni-dire
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reference and surveillance channels. 
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Figure 7. 
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 In this paper, four hand movements and 
real-time Doppler records are shown in Figur
used in the experiments were forward-back
left-right, counterclockwise and clockwise m
experiment, four hand gestures were carried
The corresponding real-time Doppler rec
periodical characteristics. Different hand mo
different cyclical patterns that are clearly di
noticeable, for example, that the 
counterclockwise hand movement Doppler r
inverse version of the clockwise hand m
preliminary results clearly show that the 
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in the body gesture experiments, the patter
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ongoing research into hand gesture recog
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IV. CONCLUSIONS  
In this paper, the design, build and experi

high resolution real time Wi-Fi based passi
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for example, human-machin
healthcare and location finding
technology is less complex and
candidate technologies such as 
based in [14], [15], and wearab
the system can capture human b
for unobtrusively monitoring th
in need of guardianship, for 
High accuracy indoor trackin
using the high resolution Dopp
localization accuracy in a multi

Future work will concentr
different geometries to build
movements for classification p
methods will be investigated in
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