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Index Terms- land mine detection, linear predic- suggested to remove the ground bounce by modelling

tion, ground penetrating radar it as a shifted and scaled version of an adaptively es-
timated reference ground bounce, while [5] proposes
ABSTRACT to use to a constant false alarm rate detector via mod-

Ground penetrating radar (GPR) is a widely used tooklling the background component by a time-varying lin-
for land mine detection. However, land mine detec-ear prediction (LP) function. A Kalman filter based ap-
tion still remains a difficult task because of the changproach for mine detection has been proposed by Zoubir
ing conditions and the strong reflection of the groundet al [6]. Recently, Hoet al [7] have proposed to use
In this paper, a generalized two-sided linear predictionhe frequency domain features from the GPR signals to
model is used to estimate the background. By effecimprove detection of weak mines and to reduce false
tively removing the background components from thealarms due to clutter objects. In this paper, we extend
GPR signal, the residual energy is found to be more rethe LP idea of [5] to enhance detection performance.
liable to generate the test statistic for detection. ResultUnlike [5] which processes GPR signal in frequency
based on real GPR data show that the proposed methddmain with one-sided LP modelling, we propose the
is able to not only remove the ground bounce and backise of a two-sided LP model [8] and perform process-
ground signal but also suppress the response from sonrgy in spatial domain.
clutter objects. The rest of the paper is organized as follows. Our
proposed method will be presented in Section 2. Exper-
1. INTRODUCTION imental results are shown in Section 3, and concluding

Since World War II, numerous conflicts in Europe, '€marks are drawn in Section 4.
Africa, Central and South America, the Middle East and

Asia resulted in the planting of millions of land mines. 2. PROPOSED METHOD
It is important to locate these mines that can potentially
cause massive number of deaths and casualties. In our study, we have investigated the GPR data sets

Owing to the capabilities of good penetration andfrom [9]. The GPR data are obtained by measuring
depth resolution as well as detecting both metallic anthe response from an impulse GPR with a center fre-
nonmetallic objects, ground penetrating radar (GPRuency of around 1GHz in the time domain. Each setup
[1]-[3] has been considered as a viable technology focontains land mines and other objects including large
land mine detection. A GPR system consists of a transstone, empty cartridge, and/or copper wire strip. A typ-
mitter for emitting electromagnetic wave to the inspec-cal setup is shown in Figure 1. For eaghdenoted as
tion surface and a receiver for collecting the returneathannel, the operator sweeps the GPR device along the
signal from which the decision of whether there is ax direction, recording a response in every 1 cm apart. A
mine is made. However, detecting land mines with GPRotal of 51 channels, separated by 1 cm in space, along
is still a difficult task because on one hand environmenwith 196 measurements per channel, denoted as scans,
tal conditions such as soil type and moisture contentomplete a GPR data set for a setup. Each GPR re-
and strong reflections from the ground surface, namelgponsed(x,y), has a total of 512 samples with a sam-
ground bounce, can make the returned signals from thgling interval of 25 ps. The B-scan of the 25th channel
background interference and mine very similar. On thdor the setup in Figure 1 is shown in Figure 2 where the
other hand, the land mine signatures are inconsistehirizontal axis and vertical axis correspond to the scan
and they vary according to their depths, types, etc. Aaumber and depth, respectively. Hot colours represents
a result, signal processing is a crucial step for rendempositive magnitudes while Cool colours represent neg-
ing the GPR sensor outputs to increase probability ofitive magnitudes. The blue line seen in Figure 2 repre-
detection and/or reduce false alarm rate. In [4], it issents the initial ground surface’s response.
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Given a GPR A-scan response vealdx,y) where e(1,y),e(2,y),...,e(X,y), and ignore the variation in the
x andy represent the dimensions of scan and charbackground.
nel, respectively, the task of land mine detection can Another concern rises when (2) does not provide

be casted as the following binary hypothesis test: an accurate estimate gfx,y) due to step changes in
the background, for example, the interference of a large
Ho:d(x,y) =g(X,y) +d(x,y) clutter object. A more accurate way to estimgtg, y)

(1)  isto use a conventional two-sided LP model [8]:
Hy:d(xy) = s(x,y) +9(xy) +a(xy)
here g(x,y) ts the background 9y) =
where g(x,y) represents the background response, an(x) (g(X=P,y) +g(x+ p.y)) + e(x, 6
which is the composite of the surface and/or clutter re- p(x) (GX=Py) X+ py)) +ex) ©

sponseg(x,y) denotes measurement noise at the GPRnd approximating(x,y) with
antenna, and(x,y) is the response from a land mine.
That is, we assume that(x,y) is a linear combina- g(x,y) = ap(X) (d(x—p,y) +d(x+p,y)). (7)

tion of g(x,y) andq(x,y), and alsas(x,y) if a mine is ) . :
present. In practical situation, the GPR data are colVith the two-sided LP model in (7), a more accurate

lected at very high signal-to-naise ratio and thus the ef€Stimation ofg(xy) is expected because samples from

fect ofq(x,y) is negligible, while the background is the POth the pasti(x—p.y), and the futured(x+ p,y), are

dominant response in both hypotheses. used. How_ever, @) V\_nII not be a good approximation of
The basic assumption of our proposed methodolog$?) When either locations — p or x+ p, falls underHo.

is thatg(x,y) can be modelled using LP whikXx, y) To solve the problem present in both (2) and (6),

cannot. This idea is in fact adapted from [5] and exper!V€ Propose to estimate the backgrougia,y) using a

imental results in Section Il demonstrate the improve 9eneralized two-sided LP model:

ment of our proposal. We will first subtract an estimate g(x,y) =

of g(x,y) formed by using LP model from the GPR sig- ’

nal. Then the power of the residual signal will be uti- @ (X) 9X—=P.Y) +8p, (X) g(X+p,y) +e(xy) (8)

lized to decide if each locationx,y), falls underHp or

H wherea, (x) is not necessarily equal @&, (x) as in
1-

the conventional case. The backgrou(a,y) is then

2.1 Background Modelling approximated as

Since the background is highly correlated in space, ag(X,y) ~ ap (X) d(x—p,y) +ap, (X) d(x+p,y) (9)

imple LP model adapted f 5 b d f
ZI(TI;)E model adapted from [5] can be use or\/Vith our proposed model, by allowing, (x) to dif-

fer froma,, (x), the estimation will be very accurate as
g(x,y) = ap(X) g(x— p,y) +e(x,y) 2) long as one of the two locationg,— p or X+ p, falls

underHy. Clutter objects that are larger in size than
whereay(x) is the LP coefficient and(x,y) denotes the typical land mines will also not result in a wrong esti-
unknown modelling error. The problem is thgix — mate of the background by settipgapproximating the
p,y) must be known for our estimation. An assumptionsize of typical land mines. The two-sided LP model re-
can be made that the past location always falls undeguires a lookahead gf scans. The lookahead is often
Ho, that isd(x— p,y) = g(x— p,y) +q(x— p,y), then it  tolerable in vehicle-mounted GPR platform because the

is reasonable to replacgx — p,y) with d(x— p,y): GPR sensor is in the front of the vehicle and a decision
does not need to be made until the tail of the vehicle
g(x,y) = ap(x) d(x—p,y) ()  passes through the inspected location.

Howeverx— p could fall undeiH,, and thus the estima- 2.2 Background Estimation and Elimination
tion of g(x,y) using (4) will become meaningless. An

alternative is to estimaig(x, y) with Denoting
g Dp(x.y) = [d(x—p,y) d(x+ p,y)]" 10
a(x,y) ~ ap(x) §(x— p,y) @) p(x.y) = [d(x=p.y) d(x+ p,y)] (10)
_— , and
by initially setting
ap(X) = [ap_(x) ap, (X7, (11)

9(%0,y) =d(X0,y) (5)
. . _ (9) can be rewritten as
with the knowledge that locatiorx is under Hg.

This, however, will cause a propagation in error with a(x,y) ~ DIT)(x,y, z) ap(X) (12)
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The estimate ofy(x), denoted byay(x), is computed on the 25th, 75th, 125th, and 175th scan, respectively,
using standard least squares as and were buried 5 cm deep in clay mixed with small
rocks. Furthermore, all of the objects were centered on
ap(x) = (Dp(x,y)Dj, (x,y))_le(x,y)d(x,y) (13) the 25th channel. The GPR data were collected after
23 days with the clay still moist. In our studg,= 10

The estimated background then becomes andN was set to 9. After processing with our proposed
) R method,&(x,y) was computed and projected onto a 2-
a(x,y) = Dp(X,y)ap (14) D image and is shown in Figure 4. The bright spots

. L represents the regions where the mines are located. We
Figure 3 shows the estimation of the background of the ;, clearly see the two mines in the figure although the

three models, one-sided LP of (3), conventional twoppa-3 mine is more obvious. For comparis 25
sided LP of (7), and the generalized two-sided LP of (9} a5 also plotted against in Figure 5.p Otr?;qrx’bagk-
in the scenario where the locatioris underHo, X— P ground removal algorithms, namely, the one-sided LP
contains a mine and + p does not X =40,y =25, ndel the conventional two-sided LP model, and the
p = 10 for the setup shown in Figure 1). It can be seenyaniive ground bounce removal (AGBR) algorithm in
clearly that the estimated background using (9) is muc ] are also shown for comparisog.was set to 25 be-
more accurate. Although the computation complexity.a,se the suspected mines were centered on the 25th
increases, it ensures that the the estimation of the bacgnannel. It is seen that the generalized and conventional
ground follows the LP model in (8) correctly. o sided LP schemes were able to remove the effect
The background of the signal can then be eliminatet he hackground and all clutter objects while the other
by subtracting the estimated backgrougtky)from 4 methods would detect a false alarm with the copper

d(x,y) leaving the residual signal denoted i, y): strip (atx = 170 to 190). The proposed method is also
h(xy) = d(x.y) — §(xY) (15) Mmore preferable than the conventional two-sided LP be-
’ ’ ’ cause undesirable multiple peaks are not present around
the mines.

2.3 Generating Test statistic -

_ _ _ Another setup from [9], shown in Figure 6, was also
With the assumption that the background is correctlftested. Basically, this setup is similar to Figure 1 except
estimated, our detection task reduces to the followinghat an empty cartridge case replaced the large stone on

hypothesis: the 75th scan. The GPR data were acquired when the
) clay was hard and dry. The value &fx, 25) was again
Ho:h(x,y) =q(xy) plotted againsk, and compared with other methods and
h B (16)  the results are shown in Figure 7. Our proposed method
Hih(xy) = s(xy) +a(xy) once again proved superior in suppressing the response

It is expected that the energy bfx,y) will be much of the copper strip from the GPR data.

larger undei; than in the case dfly. As a result, the
residual energy is utilized in producing the test statjstic 4. CONCLUSION

which is given by the average of the residual energy iy generalized two-sided linear prediction (LP) method
the vicinity of a suspected scan location, has been proposed to eliminate the background from
a GPR response. In effectively removing of the re-
1 V= T sponse of the ground surface and other clutter objects,
N 7lh(x, n)"h(x,n) A7) the response from mines can be extracted. Our pro-
n=y-"7 posed method is superior in performance to the adaptive
round bounce removal and conventional LP modelling
lgorithms. Future research will be focused on mod-

N-1

S(X’ y) =

whereN is the span of channels to be averaged and itg
choice depends on the size of the suspected mines, ap

h l.
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Figure 4: Residue energy projected onto a 2-D image
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Figure 5. Residual energy versus scan location fo
Setup 1: (a) proposed method, (b) one-sided LP, (C

constrained two-sided LP, (d) AGBR
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