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ABSTRACT DOA (Direction Of Arrival) with the global characteristic of

i . observed range points, avoiding the difficulty of connecting
UWB (Ultra Wideband) radars have great promise for N€&fhem The RPM is based on a simple idea, yet, it offers ac-

f'eld. Sensing gystems, holdm'g its high range resolution. It 'Rurate and super-resolution surface extraction even for an ex-
particularly suitable for robotic or security sensors that mus{remely complicated boundary. However, they all have the

gjent;fy a dtarget in 0p_t|call?/ bIgLry visions. Slome rtlacentlyl unresolvable problem that aperture size strictly constrains the
eveloped radar imaging algorithms proactively employ mu imaging range of target boundary. In many cases, the greater

tiple scattered components, .Wh'Ch can enhance an imagi rt of a target shape, such as a side of the target, falls into
range compared to synthesizing a single scatter.ed COMPB-shadow region that is never reconstructed since only single
nent. We have already proposed the SAR (Synthetic AperturgCattereol components are used for imaging.

Radar) method considering a double scattered, which suc- To resolve this difficulty and enhance imaging range, the
cgssfully eXPa’.‘ded a reconstructible range of radar image@AR algorithm based on a double scattered path has been de-
with no pre!lmlnary knowlt_adge Of. targe.t or surrounqmgs'veloped [5]. Although this method proves that the shadow
Howevgr, this met_hod.re_qwreg an intensive computation an%gion imaging is possible by positively using the double scat-
its spatial resolution is insufficient for clear boundary €X"tered signals without preliminary observations or target mod-

trach_on S“‘?h as edges or specular surfaces. As a Su_bStamé‘Fi’g, this method requires multiple integrations of the received
solution, this paper proposes a novel shadow region imagin gnals, and incurs a large calculation cost. As a solution for

a]gorithm b_ased on a range deriyative OT double s.catte.re ese problems, this paper proposes a novel imaging algo-
§|gnal§. This new methqd acgompl|shes.h|gh-sp.eed 'MagiNGym based on the range derivative of doubly scattered sig-
including a shadow region Wlth.OUt any integration processnals, where an initial image obtained by RPM is used to the
and er!hances the accuracy with respect _to Clear bounc_iaB\ést effect. This method is based on an original relationship
extraction. Some results from numerical simulations Ve”fythat each DOA of the double scattered points is strictly de-
tha}t the proposed method remarkably decreas-es the com ived from the derivative of range points. This relationship en-
tation amount cc_)r_npared to that for the conventional metho bles us to directly estimate a target boundary corresponding
enhancing the visible range of radar imagery. to the doubly scattered centers without any integration pro-
cedures. The results of numerical simulations, investigating
1. INTRODUCTION the two types of target shapes, show that this method accom-
plishes high-speed target boundary extraction, in situations
UWB pulse radar with high range resolution creates variougvhich produce a shadow using the existing techniques.
applications for near field sensing. As such, a robotic sensor
is one of the most promising applications, able to identify a 2. SYSTEM MODEL
human body even in optically blurry visibilities such as dark
smog in disaster areas or high-density gas in resource expl&ig. 1 shows the system model. It assumes the mono-static
ration scenes. While various kinds of radar algorithms haveadar, and an omni-directional antenna is scanned along the
been developed based on the aperture synthesis [1], the tiragis. It is assumed that the target has an arbitrary shape with
reversal approach [2], or the GA-based solution for the doa clear boundary. The propagation speed of the radio wave
main integral equations [3], they are not suitable for the above is assumed to be a known constant. A mono-cycle pulse is
applications because it is, generally, difficult to achieve botlused as the transmitting current. The real space in which the
properties of low computation cost and high spatial resolutarget and antenna are located, is expressed by the parameters
tion. As a high-speed and accurate imaging method feasible:, z). The parameters are normalized Xjywhich is the cen-
for complex-shaped targets, the RPM algorithm has been etal wavelength of the pulse. > 0 is assumed for simplicity.
tablished [4]. This algorithm directly estimates an accurate’(X, Z) is defined as the received electric field at the antenna
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Fig. 1. System model in the 2-D model. Fig. 2. Output of the Wiener filter for the multiple objects.

location(z, z) = (X, 0), whereZ = ct/(2) is a function of 1(r)
timet. s(X, Z) is defined as the output of the Wiener filter 1

with the transmitted waveform. This procedure is detailed in 0.9
[4]. 0.8
0.7

3. CONVENTIONAL METHOD 0.6

0.5

As the conventional approach for enhancing the imaging 0.4
range, the SAR employing the double scattered signal has 0.3

been already developed [5]. In general, a double scattered -2 -1 0 1 2

wave propagates with a different path from that of a single

scattered one. It therefore often provides independent inforFig_ 3. Estimated imagé () with the conventional method.
mation as to the two scattering points. This method calculates
the image using double scattered wave$@s),

L(r) = —// / Ii(r")s (X, day(r, 7', X)/2)dX dr’, (1) does not require target modeling or a priori information of
T eRJXel the surroundings. However, it requires a triple integration for
wherer’ = (', 2'), R denotes the region of real space, and’maging and 'its calculation time goes up to around 60 sec for
dy (r, 7, X) = \/(x —X)2 422 + \/(x, “X)2 4272 + an Intel Pentium D 2.8 GHz processor.
V(@ —2a)2+ (2 —2/)2. Ii(r) denotes the original SAR
image. The minus sign in Eq. (1) creates a positive im-
age focused by double scattered waves that have an an-
tiphase relationship from a single scattered one. Eg. (]_}.0

) : : overcome the problems described in the above, this pa-
expresses the aperture synthesis of the received S|gnalgr roposes a hiah-speed imaaing alaorithm for the shadow
by considering a double scattered path. The final imag prop gn-sp ging &g

. : f o egion. This method employs target points preliminarily cre-
is defined asl’(r) = Li(r)H (Ii(r))/{maxp Li(r)} + 04 by the RPM method, and directly reconstructs the target
Io(r)H (I3(7)) / {maxy Iz(7r)}, where H(x) is the Heavi- . di he doubl 4 sianal h
side function. points corresponding to the double scattered signals, where

The performance evaluation of this method is shown aseaCh derivative of their range points is employed.

follows. Fig. 2 shows the output of the Wiener filter, where

the target boundary as in Fig. 1 is assumed. The received sig:1. principle of Proposed Method

nals are calculated at 401 locations fe2.5 < X < 2.5.

Fig. 3 shows the estimated imadér). This figure shows First, a basic theory of the proposed method is described be-
that the part of the side region of the rectangular target can Hew. Here, two target points originating from doubly scatter-
reproduced, and that the visible ranges of the circle and recirg are defined ap; = (z1, 21) andp, = (z2, 22), respec-
angular boundaries are remarkably expanded. The reasontigely. (X, Zp) is defined as a range point of double scattered
that double scattered waves are effectively focused on the pasave, which is extracted from the local minimumsgfX, 7).

of the target side using Eq. (1). It also claims that this methogh; = (X, 0) denotes an antenna location. Then, the follow-

4. PROPOSED METHOD
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Fig. 4. Relationship among,, p, andp, Fig. 5. Two candidates fop, asps' (P;) andps (P;).

pm
Tipm = {(x,z) e UM p§pm}. Here, the parameter vec-

tor P; is defined asP; = (R;"";Qp), whereQ, =
0Zp _ cosf +cosf (pr,Zp,0Zp/0X)andR;"™ = (pr.pm g™ el el ed)

ing equation holds,

ox 2 ’ @ old. Hereel™™ = (pi™™ — p.)/|lp;"™ — p, |, ande}’™ is
x x determined withP;. Then, the proposed method determlnes
wheref; = cos ' (L) 6, = cos xZZ_ _ the optimum candidatg, for each@ , as
1 2
Zy = |lp; — p.ll andZy = ||p, — p;| are defined, and 5 (Qp) = arg min (P; P2 4
2 . . = p p :
0 < 64,00 < m hold. According to this equation, once @p) prp”geTRpMH 2 (Pi) = P2 ( )H )

a first scattering point ap, is determinedg, is given as

02 = cos™! (—20Zp/OX — cosb,). Besides, if the normal whereps' (P;) = p; +(Za(P;) cos 05(P;), Zo(P;) sin 05(P;)),

vectore,, onp, is given, the law of reflection derives;, andp? (P;) = p;*™ + Z3(P;)es”" hold. Fig. 5 shows the
relationship between two candldates foy asps (P;) and

Zy = 128 +(2Zp — 21)> +2(2Zp — Z1)(py —PL) €3 pB(P;). The optimum second scattering pop(Q ) is

5 “p,)-es+2Zp — 2 ’ 4 5P ;

(py — 1) -e3+27p 1 (3) determined a%,(Qp) = w, where P is de-
wherees; = e1 — 2(en - €1)en holds withe, = (p, — fined asP; when the evaluation value in the right term in
p.)/|Ip, — p.||. Furthermorep, obviously satisfies a8, — Eq. (4) becomes minimum. Note that, this method does not

p, + Zses, whereZs = ||p, —p, || holds. Fig. 4 shows the re- employ any integration of the scattered signals and directly

lationship among the scattered poipts p, and the antenna determines the doubly scattering points using the derivative
locationp; . of the range points.

. SIMULATION
Second, the proposed method makes uses of the prelim-

inary estimated target points by RPM as the first scatterfhis section presents numerical examples performed by RPM
ing locationp, with its normal vectore,,. RPM basically and the proposed method. Fig. 6 presents the estimated tar-
converts the range points to the target points, satisfying aget points with the RPM and the proposed method, where
one-to-one correspondence. Here, we define each targex, Zs) and(X, Zp) are extracted from(X, Z) as in Fig. 1.

and range point with the RPM 8ﬁrpm = ("™, ™)  Also,8Zp/0X is calculated by difference approximation af-
and ¢, = (X;*™,Z"), (i = - Ni™), where  ter smoothed with the Gaussian filter. This figure indicates
N™ is the total number of target pomts by RPM. In that the proposed method accurately creates the target points

rpm rpm

addition, each normal vectog,’;” on p; is given as around the side of the rectangular boundary. In addition, it
X — g _erm) . ) o has an great advantage in computation time, which required

rpm ( ,L ) i _
€ni = zrm This relationship is de less than 0.4 sec for an Intel Pentium D 2.8 GHz proces-

rived from the assumptlon that each antenna receives a strosgr. However, some fluctuations of the estimated points occur
echo from the target boundary, which is perpendicular to @round the rectangular side, regardless of a noiseless situa-
direction for a line of sight [4]. tion. This is because this method employs the range deriva-
This algorithm determines an optimal, from a set tive asdZp/9X, which tends to enhance small errors caused
of the target points obtained by RPM, which is defined ady the scattered waveform deformations or other interference
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Fig. 6. Estimated image with the proposed method. Fig. 8. Estimated image with the proposed method in S/N

= 30dB.
250
£ 200 RPM o
s Proposed — 6. CONCLUSION
Q
§ 150 This paper proposed a novel imaging algorithm for expand-
§ ing the imaging range, which efficiently utilizes the range
- 100 derivative of the double scattered waves. This method has
§ 5 an outstanding advantage that it accomplishes an extremely
z high-speed imaging by specifying clear boundary extraction,
o simultaneously extending the visible region without any pre-
163 162 161 1° liminarily knowledge of target or surroundings. In numeri-
el cal simulation, the results proved that the proposed method
substantially extended the imaging range with an remarkably
Fig. 7. Number of target points for eaeh high speed. It is more thai)? times improvement compared

with that of the conventional SAR based method.
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