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Room Walls

Antenna with Mechanical Scanner

Fig. 1. Overview of surveillance system using UWB pulse radar.

|. INTRODUCTION
L . . . . .. the reversible transform between a received signal and the
In anticipation of an increasingly aging society, monitoringg et houndary, which can produce images with a resolution
systems for _aged care are attracting attention. Most of the CHtich higher than any conventional algorithms. However, this
rent monitoringsecurity systems use cameras because of thgjpithm assumes direct echoes, not multi-path echoes, and
low-cost and high resolution capabilities. However, opticgf, ;s cannot be applied to a target in a blind spot. Furthermore,
cameras have serious privacy-related problems. The introdUGse\y approach using multipath echoes, the time reversal (TR)
tion of infrared cameras is another candidate for monitoringain g [8], [9], makes it possible to calculate an image using
systems bgcausg they are unlikely to capture surface text%'ﬁﬁ, a single antenna [10], [11]. Assuming a point-like target
thus reducing privacy concems. In general, NUMerous Camefas, room of known shape, this method back-propagates the
are needed to cover a total given area without any blind spQigeejved signal numerically to focus on an image at the target

making the entire system complicated and costly. A systeglation. The method cannot estimate a target's shape although
using radiowaves is a promising candidate for this purpose ifJives an accurate target location.

it has the potential to resolve some of the substantial problem§, inis paper, we propose a hew imaging method for UWB
of camera-based systems. Moreover, it has been reporfgd,, sing a single antenna with a mechanical scanner that
that radiowaves enable the detection of targets in hiddggmpines the ideas of the TR and the interferometry method

places. Existing communication infrastructures like Wirelestiz] to accurately estimate a target shape in a multipath
LAN (WLAN) stations have been employed for positioning

purposes [1], [2]. Although these methods are capable of
estimating target locations, an accurate target shape cannot
be obtained.

To obtain the target's shape in addition to its location, a
UWB pulse radar has great potential because of its high range
resolution. However, most of the conventional algorithms,
including SAR [3], [4], provide a target image for which the
resolution is limited to half the wavelength. The SEABED
algorithm [5], [6], [7] is another approach making use of
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Fig. 4. System model B without shadow regions. Fig. 6. Received signals after applying the matched lter.
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Fig. 5. Image estimated by the SEABED method.
Fig. 7. Image estimated by the TR method.

where |[dZ /dX| 1 holds. Although it is reported that the ; .

SEABED method can obtain a high-quality image, this metha/\cliherEH(p’ a.r) is the function de ned as

can be applied only to measurements using direct echoes H( ) = (r p @)

received without any multipath signals as in Fig. 4. P.G.1)= 0 (r
Figure 5 shows the estimated image by applying the IBST to ] ] .

the system model shown in Fig. 4. Here, a circular target with' Ed- (5), p is the shadow region from the location of the

radius of 0.5 m located a88.0 m, 4.0 m) is assumed. We also P-th antenna. Equation (4) indicates that the imagg is

set the other parameterso(yo) = (0.1 m,1.0m), x=0.1m produced by summing all the signals using elient antenna

andM = 38. In Fig. 5, although SEABED provides an accuratg@irs after compensating for the time delay. The function

target shape, we can obtain only a small part of it because {#éP: @ ) prevents the summation from including contradic-

use only direct echoes from the target without any multipafR"y components that propagate through the PEC walls.
echoes. We apply this method to the system model shown in Fig. 3.

Figure 6 shows the received signaéX,Z) for the system
model in Fig. 3. Here, the observationtimeis@ 150 nsec,

] ) corresponding to a range of 45m. We assurhe 6, which
The time reversal (TR) method is another approach to UMBeans that the image is produced with multipath echoes with
radar imaging that is likely to be applicable even to multipafhe number of re ections less than or equal to three.

echoes [11]. In the TR method, extended to shadow region,:igure 7 shows the image obtained by the TR method. The

®)

P a)

B. Time-Reversal Imaging Method

imaging, the imagé(r) is formulated as image is normalized using the maximum valuel @f). In this
N N ) gure, although the target location is estimated, a target shape
I(r)= H(p,q,r)s X r$ ai(P) +r$ ai(Q) , (4) cannot be seen, meaning that this method cannot be used for

i p=0g=0 radar imaging in multipath environments.
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