\YY WA Sl ) Soledt o s Mmoo (ulidiinn & 124

Shgy iy Cadily 3 5L Sl g 5l oy
sLagha 95 9 90 siludse jl uldinl L GPR
e
fPIRN Greus
ERE PPV O] KPRt I F ST 0| KPR VRN BV LA X
Odte cudige 50l (SI) Sais siils € guaal Ls
VYN TVAVAY Sl b

LS

- %

gl shas il ol SS8 2,8 L (b5 s (GPR) crns 4 535 sl

O 23 03 Osdde ebdl 5 Laltle 05 S sl gl 2l (IS L ebline s Sl
g_,v.i\JJ.: peevs) tﬁuj:"‘.)Li ub&a\ J.pl> u,f.dhjﬁ BE J..S& oslaie! u.b.au \_,\.:f{: Qj.b
))U';'ﬁ Ls)LwJ./La ‘J&;‘ )}L;,a U”‘ st.v el R uﬁ:}) u.:\ ﬂ‘) LSUMQ\:
SaSay (FDTD) 0bej 8357 (shasss 3sdme folis L3, 31 eslizal L GPR (glaesls
gledae 51 b sl ¢l , Radexplorer 5 ReflexW GPRMAX' (sls 153l
ol Sl S bl ey bl s sl Slaal b blae e g
o ol 58) S (615 5 gas alols ilen ls 5 sla eyl Ll s o g laans
53 ) e (S5d s tin sl mall b Olal GPR sl Sl 5 (o 5
GPR =31y (slaesls cuils 5y sla byl 5 Ll 3 o sl =1 b 5 Ol glial
Gl gl Gl (g5, Olghol grws olKils b yms 55 sdaze Sl glacils 50
Slles (pl 3 il OSUS Ol Gladases Lol wtlis 2 51 0550e S
Jdse J‘JTW})‘_;::J“;L (S5 o 88 Ol diles Cls 1y sla eyl 51 s
G oS L s tie larml b ol O GPR o&aus o onils Slasl s
o hE oy Sbln r (sla mlly op Sage dile SL (ks LB ) Sl 5 alKe Yoo
sl 5 Sles sy (S ()ls pased Aol Sla (gl paiges (W 2 Jeld 58

Glaal b, KT s 4 ple b Cabge Solg n ol sl 2oLl gl e 5

Rezahmadi@gmail.com  J s odies 55°



WA e ) ledt ioas s ki (ol &2 \YE

G ST o go ezl oS Jldde 5 b g ol Sodls y sla ol ,b bl
S s e Sy Sl ol phisel W8 slie bl b 5 Gl
K808 Jloy (6ol 0 ses (S b w0 bg e cDlial (3l KT Jlezml (5 e
el o il VS (515 e a0 alsls
- gad 3 GPR il y sla a3l csn i 3bedte (GPR) (e (6358 lsl st glaels
Radexplorer 3| b S Sl pad Alole (Sl sl

dods

SIS gla s o0 s A eS rime Sess slagis)
3l Sy sz (53,8 (x5 slaias Ol s Al bty it 8
) alolid 53 5 ol 5 sl (Kol ¢l 5L 8T 53 (GPR) e a4 (6358
Ll b Sonbgs sy GPR el sy o5 s oS Slasl 3 08 Sltal
FAK S il 5 83 5mn 3 Losas a5 gl el SUSL 1S el 5l SIS
Glaslrle 035 gl glp ol SLES1 e D3 4 5 aKS Sl e b
bl 5 gSeske 4 5L sy el 23 03 Osbde sldl Gla Sy s i lecas
St Slele i, opl ol 2l LS e olial ase o3 i 5 SeSS
g op ) G 5 g sl

o Y S b e Sl s S eils Ol DU sl 1 GPR i,
Sl 53 SIS a (aslas 558 51 ey cib S ol Jl= s Ll cs S 8
Ol pllbl 5 ST 55 (80 glaas) 5o e 5l Ll glawie;
3l s G5Bl o gel B0kl e 5 S 025 588
DTIYTD T 505 3005 e Blos 5 Slagali ool Ol 5

syl cilies las )18 55 GPR iy, ool o Sage 51 ool ((olays sdne)

1. Ground-Penetrating Radar
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1. Transverse Electric
2. Transverse Magnetic
3. Bistatic
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1. Magnetic permeability
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1. Radargram
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1. Finite-Difference Time-Domain
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1. Wiggle mode
2. Point mode



Y'Y

WWAA Sl ) ol (RS s Mo (e ol ey & 205

el e OF g VA 08 L bl CS S Y 5 Y ) ladae s s e sl Jeol s
Cel (V Jue) b3 S ()ls el sad ahoolb 58 0 sdaline ¥ IS 5l S &4 S 0lan
J...ZLf )‘ML}A.L{ALA Q)}‘pb‘jwl{. J:.alS LSJL.’.)J"UC""[%. L}J)JJAQ.:LSSASA.L&
e b g a3 05 aaly 5 (golseal S 13 GPR sl slacils 5 s
FeS Sl paised Aol ax a5 P 5 Slaal Fol o pde Lol
Sladie) dns o LS 55 51 S50 S 5 S 00 (ot ol s
S b Gl @i (IS sdalie Bl 4 ¥ 5 Y ladie mul ax ST0F 5 Y

%ﬁ)b}w\ ebﬁj—uiﬁ C)lﬁjf}CJl&w‘ JAL&Y JJ\A‘J:&-;J Lf“’))'-’l':é-’ cJJ)‘Ju'

T
) -: ﬁ\
i ® i ® i ®
¥ . Y ! \

S5 B 6l sl Slaal GPR maly Sl (5,1 paiged dools S ) ¥ K3
Voboln Y die s G (g)ls phped Aol e o) S i 51 0L B s
Gl 4 VLSl el e Sl ) 50 Ll S Sa Y 5 Y gladde s 5 e Sl

N5 e kin Je g lala A (e § e Gy



vy

e Gl tass 5 50t $3ledde 3 eslisad LGPR (s sl s sl sla sl 36 oy

([Y']j| [ J’:’.‘j,,}) ol R J‘_}a 6‘*;5}3..35‘ S Y JJJ:-

(m/ns) T e ms/m) S S colis o S S5 22,08 (Las) o3l
Y %A\ 1 e oy S
Yas \ [F%)
ey +/0 As o A
et Y 0 W
Y Yoty VerYes BE
AL ° Y R
YA Ay £/A gt
AN VYE \tA S5 Sy

GPR by p Sl 15 piged 5155 ST
L e w512 GPR el (15 i god il 3 b oy 2y cal 51
Slalsal Gaa fols Jhe v § ISS 3l DLy s 5 (S5 sl el )l
oo 310l Jaes 53 20 V/0 (33 Gas 5 eas k3 L (e 5l Ao psis) 5
Vosladsdr 53 Jde (g 5 ewdkis Olasiie) Conl ol osls Ol e o) S
Lol e 50 gladde 53 Sl (613 pd gei (sladbols (ol ol 03,51 ¥ 5
613 ptged Gl S 5 L Blie 5 jay 45 Sl 4l /0008 5 o/0YY (/048
Lo W sl L die e .l Wadie ool 53 55,8186 VTA0AA 5 £YY4Y ()4 044
£ USE 5 SOl Lleds giledds Gro mla A) Olacs s (6413 5 & gas Hhols
Cdda C.Ai OLd e Gl (¢ Ju) el ol paisel W 3 s e sdalie
w3l e Ol gl S5 e cpl o3 il s (bl il s b 5
e 5 o (S ol 5 G Sllss (20,508) Je (S5 le el S8
bl S 3 g5 e sdalin £ IS 1 4SOl el sdalie LB Lol s £ g0
Gl i ges S 5N Je s .w‘oMJMdjb)&iT@)bgybCy)poJJJ
Foly pde sdis a0l el sl ORIl 0 e (sls paiges (WS ply Sl

Ll KL sl & Jde 53 ol 5o Jbt g5 algnal sleas sl s



WA Sl ) 6slacd o o Al unlige ulidie &y 50 \Ye

by B @ U 8 B B ¥ U & 8 B 6 B U B U B W N 08 U B g, B U & DB U U W& WU B
" [ '
1 » ]
] /‘_‘\_\ » _ae— ]
U = - ;e
gw g» fa
" “u u
» » n
" " "
" " "

7

f

2 Qg B 51615l SIal GPR il (505 ptisas pilS 3 50 gy 8 IS
9 FAKN O L & Jas s g4 god il e o) S iz 51 Ol s
el 32K VVROAA 5 EYFAY L ol i, 50 sladie s

b ¢35 35 531 &5l GPR ey Ko (505 26 g05 ool 5T ¥

2 (o o o) Gl (s paiped abol b s s cnl 5 s
0 UK mly Coond 53 ol DLy ka5 (Sid sla bl b Je 4w GPR 5y
Aoy ol Juld e sle Yoo Lo o glal ol Slaal ols G5d - el Jde a
DL Ao oy SB i 3l b Bame 53 5 U 083 Ges 5 et O e
(ol ot 03,51 Y 5) ladsdr o3 dde [Sopd s owiin Slasiine) ol ol o3l
Cand) $lakad o 5 (ISE (GVL Cand) o 5 e Dy 50 33 4 55 e GPR o
s AV gladie o S (gols pages dols ool sds esls e (IS8 Sl
53 b 5 3l ¢ holss opl bl a5 Lol e Sl ) 50 00 Ll o e
el 3de 0T 5V A OE L s S A Y ladie

da S 4 (T) i pely o Do oS 5 00 Dl ade ¢ 5 ! GPR Fl 2
Aol g n adalin 0[S0 5o 4SOk 558 0 oo (1) b 53 o 50 2l (B)
S35 A B el s oS oS edd el (V Ui ) 5b3 SISe (615 g



\Yo S S 3 5 st $3bedie 3 eslinal L GPR sy il s ootls sl sl b e

4okt Ciad sl Jlow 93 G S0 el Ll Gl en gy el LB (o500 s
b baasi gl gl sl s 5 oadly Sutlsy sladams s Ty ool ot LG o
3ol e S w b 3 G S el (V ) 5L SIS (551 540 ges ol Sl
e i LG
SFok Sz 3 e 355 oA pabal 2sd 508 Sl e ged Aol ax e
s o odkis 4 5 A sladue ol s SOl (A 5 A sladas) was o 0L 55 5
oaid J s (D) Jhw 55 o 50 sl (Bl B) i 5 (T) i muly o dls
oo Sl 5 sl s s bl S Tlsel e o S pl e
e maly 133 Doy oS Sl Gloy SN L b 53 G e muly el
3 () i oo Sl s JUS D 3550 0pl 3 cpippd oSl Ll (T) Gt
ol Lleds S s K 4 s (B) Goua s oot 3) (D) dbw 55 o 550

el 03l BT s ST a0 ga Sl Sl o i Wsas 4z D oS

6 Distance o) 1 2 3 4 §
: 1
x 30 B,___;———— . =
ie A o =
5: = é:
n - — 7
80 0
%0 %
L ] L ] -
i
q A A7

5 Jola (B (5141 52l SIaal GPR gowly y 1Ko (551 245 g0 ahools 13T ) 0 IS5
AV dhe 53 G (615 4 sed aheold ¢ (s o) S e 5 Ol B 55 b g5
VL5l oSl e Bl ) 0L e a8 g A sladie s g e sl N

N ks e g glalal A (o § e Gy b



WA e ) ledt ioas s ki (ol &2 '

b g5 35 Jals 1 5nl GPR Gl Slo) (6515 paigad il 3 50 8

L Jde e GPR sl (ol psed iS5 30 s sy ol 3 S
slalpal Glaal ols Jue an 1 S 5 codl DL s 5 ([ Sgd sl el )l
3 e S 8 Ges s et 2l e Ao ey Juld e il YOS Ll
b 5 ek Slaseine) Sl ol osls DL (o oy S i 5l 0L aoes
O gbadis 53 Sl (6ul5 pa ses laakols (ol ol 03,51 Y 5) gladsdr 5 Je
Bl L Jas oS old Ol agl gl o/0 004 5 /Y /rA0 Ll S VY o))
S ol Stz 5 A VTA0AA 5 EYYFAY AYNY (gls st ged la S 3 L
Gledds (e ol A) 0l Sl (gols i 505 abools L w5 WA 3l b Juo ds
Ll

e (Vo die) ol gyl paisel a8 )8 Sy o edaline 1 Jg"“ o3 SOk
5 (M) i ol e nl 3 ol ol (558, CElK s G Fly kS halS
p.w\omagﬁJt:.,,ﬁw,-fj\vswtﬁ@gdlpuubh:‘(B) Cida S
St sl el SS& 4 5B Jue @S Sl ol paises (SR bl 4 e
Cl WS - sl s Jlw 55 50 53 (SO, culin 5 Sl 23,08)
iS5 (T) i ooy Sl T 4 536 L Crs M3 e VY Jde (sl
el (1) Jls 53 o 50 oy 55 5 B)

Solr .l odd Ol V) Jie ol Sler (Gulsp G S5 VY Jie s
sal s ol & S5t o b b 53 0 Sm el Je cnl 3 g e sdalie
0> R KRS IR SN TR PR R R E R R Rt e

A s S So (D) Jlws 53 0 50 o) B) S iS5 (T) i e

ol rsLS &l gl gl GPR e C‘"Lﬂ Silwd e .0
A= Ol ond 5 GPR &b S et S e o sa J’*’L’ R e
sy o dxk.wx)' Gl g glulld e ) Ji"'}&'.’. Bl C“L’ 93 VJLB ReRinEs

L Iy gl Gua g3 Jols o pms gladde 52 GPR zul (s3ludas (s



'Yy Sl Sl Eas 5 oot sbedae Sheslind LGPR gy il r il sla bl b s

e o S i 1 0L Jaee 53 O e (sline (5B Lolsd 5o 5 e S kb
EYTAV ()l i sas ilS 3 bl Yon o e mty e TOXNY Je slayl 5 ol
AYIINS L ol OLses Jaes 55 50 ot 5 0 Bl A (G413 00 500 sl (35 IS
0 psS adsl S sa L 5 Reflexw Sl33le 5 5l eslizal LV JSs ilas Juke ol ol
o 36 ol &S Al sl 3ledie g e sdalie (S5 ) ) aSOl el el
sl gl 31 S a3 ol ¥ (VY Jue) Wil oo 51 G a3 L ol &l szl 55 ST
I ke 3 4SOl A plol A2l (10 Juke) Lasil il 5SS o ks ol p ¥ 5 (18 Jbe)
03 Slaal pl g es S iy 10 B O P U SN PR P JCS P cwb D g0 0y
Shgssd= B Gda 53 opl VE Jie 53 oI 1 KK 5l ples s (bl el
GPR a3ls jislal 53 5 ool Sl 5 drs Ll dins jais 16 S0
oaie S5k 53 V0 Jle g e p L0 amlS e g el )l foa
(o £) Jal Gaa 35 G L oS ol (60 /)Y Gas 53 Jsldas sl osyls 55
Ges b aS a S 13 (6 me VAT Gas o el SU3L Jdda s 5 azils ol e
LYY Jie a8 8 S a0l oo opl by 3505 o3L5 sl e (e V) po3 s b
R 53 @Bl gl 53 SKSE w536 gl 51K pa i ol aw glalol
Sl 5o S0 CahSSE ond Gl IS 0deB S wl)l jshieay Soyse a5y Ll
plmil 555wy JiKw 35l el 4 Sl IS S s S sl o

ol sz (glagsled o) slailesl

E Aol &S Jue & by )bl il 5l bl oS A ppal A S s

Uil e Sl o o3l iuled sl sl gzl 51 S pa bl 6 il gl ST e
5 00T ) i WA Aol 53 pss 5 O L) (65 VAL Aol
S50 3 L@ V0N e Llas S 513 OAL L 5) (6,5 VONY Aol s =1 s
53 4SOl Wlas S 13 o 5ol b s sl Lol s Sos 5o 5 Jbe

LJ'L‘JJ‘JQ}J}J" .bj) d)\‘JM‘U:)_}")’)‘deﬁ,}*‘ :L\.A‘J ;J).J:L;c QJ.;:\YY’ J“ijj

1. kupper



WWAA Sl ) ol (RS s Mo (e ol ey & 205 \YA

Y Al \13

g5 93 Jold (B (g4l gl Dlaal GPR Gy 5 (g5l paigad ilS 3 Ay N S
VWYL 2l Ve dde ()ls paigad il B (Ao oy S i 51 0L e Jaoea )3 Jlw
sl 5K VVAOM 5 EYFAV L ol i a0 VY 5 )Y ladus s 5 5 8K

T2 ST EINNRO BTN DN N RONS o 23458 T I INNUOUBRTUNANBOUD g T 1345 E T IR RN UBRTN AN R DAY
D

23 Db o Sy b 4y 5 B Ll gl 53 55150 i 36 Aol ST s V JSE
YA Je s ladil sl 35 0 o dhools GPR gy 3 (Aow oy S ior 51 Ol joe Jama
el fa Y 9 YL plp G ST VY gladie 53 5 eV bl

Bals ois b I ¢ Sloy Candsn opl 53 5 0dd a8 e 3B LYYV Oley s Js 5 K,
S 3 S e 03 JEE s (8 3) aals LS ss ol a8 el ol e SLSL
LSLAJLAi.:M rL«: DL CJ‘M’ u'l\ J.}'J)Lf’ o.a\Auw Jf-" (\/\‘\ U""»{JJ) sz w_‘ L’ u)l}.:,a

BE b sl r).: Gda aiw J\ dl..f.:u ;JU)La Jfg\.f B .5_5..3@ odud j.:J LS)‘Jb C;.&KJ



¥4 Sl Sl Eas 5 oot sbedae Sheslind LGPR gy il r il sla bl b s

3515 (SU) e Ml (V/0) Jde Coia 35 e L S 555 0 acwles 20 VA
wulsj_‘))m)‘ (\0-\ J»J..J:) LgJSJA d\.«i.;.w cer:GJSS Q‘Jx:ﬁj@.: ‘_;w)f)}laﬂuu
)"L;ii_)g'ﬂ°%°Muij*:"<>}dbm}ﬂ&>}ﬁ$‘k“:)‘)}hui‘é|f“\";Lf”))’

NGV P Vo 300 0SSV U L 3] UOP i VRTGUOH L o O e ]t O P P
)‘ ol ub')l; Jhi.;.w dw.:lSJ.e CJ‘J::;G )‘ o gJ)JL;a sdalis Q Jg.& BE 45qu
gwtr‘jbt_ﬁ.)\.h)\oMuUJLJ@»MLffASdaLM)JWSJAMJJ‘JV\A
Shedd 3L I & bg e S5 uis sl 45 iy o i ol sl ST
B! (5 20 V/0) Bl Ciios 533 Gae b 45 ol o SIKET (VYA NS) (5 2 V/OA
ol ST (VEVVY NS) (g 20 A/OY 533 Gas 53 500 il B kS s 3505 (6305
sdalie aSOler 55l (6oL Hlews BLLl (5 20 AVO) o3 Sa S 3 Ges LaS

S BRGNP fp U R @L; G|J>'=:.,;| a b gl el L R W R PR

T
189 e
\ T ——Time= 1337 ms
N i
.2155 l MWW ' -
= IR i
8 . M \Timezlzsns\
£
m— L/ QH I‘ l\f‘u“ \”‘ \m _\‘“ IRt
INI
lu Time=133.7 ns |
1 1 1 Il 1
0 50 100 150 200 250 300
Time [ns]

o A VAN QXY s 3) UAE Cand g 53 (6)laly) sl 31 ol o 5 aw A S
Y Jdde Jsb (VAR s 5) s YONY 5 (VoL



WA Sl ) 6slacd o o Al ¢ unlige lid e By 55 Ve

100

Scals of colors from MIN to MAX

.YrJ-M(\OWAJij)dpqubjf&”:&y&{J 2‘\J§.ﬁ'

dises Cobls 5 sl b L GPR glassls il glacals
(S Gls i gas Aol (Lo by (555 0 B Ol el ks S b
5 (s om Gadol) o dlol 5 cuxdye (31 530 (A&l (3L) Aol
ot o IS L S el Aol U5l el S s 5T e
el b s Obl 5 GPR adly slaesls codls o cilitee gla el )b 30
by 53 sdeie Jlie glacils s GPR 3l glacials 5 s b el 5 Ll s
ol alid i Sl Osdde il IS gladl smal Gldal g5 Olghol s oKl

A ey bz 330 gl JI5 Jlest 1 e bOT GPR el 5 A5 el
& e L Yo oS 5 el GPR g 5 eslinal L el oyl
Sl bl 5 F i plndl [TV] 5,880 YO (5350 iS5 L Jls iy slags]
St s s 5T s 5 5l o3l (55 e IS B Dl Adlen S ils
Yor 55 L bt slagsl b ol S BPR dKas 5 SO il
sk Ol 03 oS e Sl e bl e s i BB 8 e

S ols i sed fol g (6ol paies 8 3 L Sleg (gols i gel Aol Ol e el

1. MALA



Ve Sl Sl Eas 5 oot sbedae Sheslind LGPR gy il r il sla bl b s

s wles 3l bl S s Gl b s (s o ol
e edd 5L sla e 5
GPR besls 5505 5 J sl .

Lies sy sll o o341 215U s 2l GPR 1315 (slaesls S0l
G S ol il el (a0 besls 65, cilire sla il Jleel ol sy
Llg oo ba fila s &uls 5 odd wyp Bda & a5 b ooy 0 S84 GPR laesls
Slasein 4 o 0 )84 GPR lassls (gl 5 as ola isls  auls 4 g5 il gl
Wl IS Sl iz 5 a4, e slaslle GPR o&ius ol oy » dikaie
Sao ohd S5 55ls s b gy eled Sl eslatal 4 (55 a0l LVY] el anl
sbwl a0 e W asls 51 & dlesl ol s s boas s il slaesls
e bl s oad Jlesl a5l JIg s pd aesls (g, anl 52U OIS
SIS0k i a5 oled L USU E Gl sy 53 sl ks sl i =0
wgny Bl ks a8 YO 500 (e alad S5 S 5 Bl LTS
NG R GV O VR L GV CU)J}LA)' & e il 2
Sl 03 gdone Oliasein Y

Kils (sl ol gt) Olysly gmmdils ol (55,005 3 Cudls 8550
Wlinl glaoslr 51 S LS 5 s oKl ool s i Ol Olghol nis
shizel U oKty OO Jliml dy) ol Dbt 5l S oS sl Kl ol
sl S KSHL) OF psbes 53 5 30 13 bl el cnl 5 55 s —dled
Y dsde sy bohs ol Slasiie o5 Gl Osdde ) bt s 5 (alind esl
dg) (ML 3 Ao sde e Bl VT ks 4 o5l OB ) Ll sl asd
i el Gaseial (g5 5 Jisl d ) Jw oz 5 Jls 5 (b O Jlisl 455 2
Sl T shitans il o esls OLis Ve K 55 5 W) bl ol Cabge S S

1. Time window
2. Stack numbers
3. Butterworth filter



WA e ) ledt ioas s ki (ol &2 (FA

33,y Oy oty g SBlhal eges sldel 3 gee J 3 VY edgdoe pl 53 O il Clltal
el ok aoMt sl s ol Slasie & Lud Sl Gl sba oS
A Sl R b Jsame oy S i Sl 0 e Sl 0,5 555 Laes
bt G ddsE AU L g e Sl a8 s S sla bl
EM Tlotl o s Ol sl e i3 e VBSOSl ol 5 )
ale ol s Slaasie 3ok 5l 50 glal smal Gilaal 56,8 oys 8 01 gkl s

Al sk AV MNS B0 /N0 e oy Olsme 5 Casby Ao s (gdodls

Al ol g5 (5 95) Cudls s 83 udoun 55 O gdube Blual wdid Slasein ¥ Jgi

JAJ\;-A Olasiie
CraBlo) (b3 Gos (o L) s e
RPENVRENTY

Y. it 3 AL Uil o
v Ve s S8 Jlazl J
¢ v Y PONRERTERE
i\ ¢ N G Jl s

— 3 — N eoill alSidgs
.
: ¢
<
: s i ;
& £ < T

L F &

- : &

&
g 0 B Sl i wlz

Cubls g 53 g0oue 53 B pde Slumusb ) b ghas Comdge S5 S AEE N+ S
osls  cudls p sl golyby 5b gy ¥
))}ALQJ?;}J..Z;@ai&w)j;)jw))waéufﬁblﬂﬂsu L{"“Jf))b‘b

355 o sy BOT 3l 3550 Y a0l Ol oy &5 Wlas S 15 o)y



kA S Sy 5 st S3kedie 31 oslinal LGPR iy il mdls sl sl b s

(Prol) Jyl Joisp olaseia
Sl S5 o S m B sl b e YA s s sk b s ol
Jsb 55 5 V08E 3laad e Bl ¥ (5l el ad abiols oliis 5 bl L oS ol o
Jsb 53 5,886 1808 ()l paised W18 3 bl b e s s Lds o
bl /00 Sley (6)ls n aised dhols 5 odd Cldls b Wged Vo E sl Slej b ey
ol bl Cs sSOU Gl B ol 5 Sl i (Guls pdises e85 aSLmol 51
Slaesls (slsly Sl NN ISKs sl dal s 1y S5 U Ss ediy cal by e
Dot oY S5l gleplS Jlesl Sl an Prol) Jsl Lés,s ks i5ls s s ol
Sla eyl e Sl blray ahads cnl 3 das e 0L |, Radexplorer sl
Y ssde 3 0SS o slaalols 51400 MHZ (ls s gas (8 3 pmy ol
At sdalie LB (g bl el s Cos4 Oghke Slal ples GPR e ™
S8 Ja ol 5 oS Gas 53 Bl S RS @ b (JSE S ol 50
S Dag e ol S8 I WY 4 b (s sk s pe VY o &
oo S s Sl Al edilig sl 5 Obgee e G w35l Gln b
S el s sdon b el Slae i Ko 5 s ale Lol o 03, s I sons
WY S el e O il A b b b s V0 s Sl IS
2 ek e 3 Al e 1 0T s e Sle 0 Cabisa il S5U
ol S in W 5L B (55 Gas 35 b a8 el OSB JUl ) 4y b pe

Al 6o S RMSSE 5 gy a0
Jdsn dsb sl odd (Bley G0 4 55 (28— (B0 gluly 53 S n o)
VY shias 5 ale VO (5l paigad plS 5 ol b cpimes ol ol il O
WEEL Y by (6ols palged Al oS el (6, Se3lll Slos oy sk 3 4 gl

NG



WWAA Sl ) ol (R Mo (dige owlid ey &

oKl g5 55295)

s

Ve¢

s B3 gdome 55 ol rl;v‘ GPR slacils » Slasin & J g

(sl
it Sl Gl e sl e o et ekt skl Js 0
ns
e ol n§ _) b o cls il
(m/ns) M o) (m) (MHz)
DAY S8 oY/Y (VRS V408/VY G & oy Prol
(0/YY)
o BIryes /Y AERAA by Pro2
Ve
(£/YV)
/e S AN Vety St Pro3
oYY
/N S5 /e (o) /Y X3 Gy Pro4
(¥/aY7)
DAY By 2/r0 V408/VY Gb s oy Pro5
£4/)
(Y/aY)
AR S8 o/ AT [P IS Ompl
IAYA
DAY BrYe go (YY) /) V408/VY E-RURa Oomp2
AL BIryes £ (Y1) A V0Y/VA CE G Omp3
AN BIryes £ (Y1) /N AREA] S a o, Omp4
AL By g0 (YY) o/ V40¢/VY G, Omp5
(&/+A)
DAY S5 2/r0 VOIY/VA C G, Omp6
0V/Y
DAY S IAN(VALY) /0 AKEAS PP omp7
DAY S D) +/v0 0 ¢ [P Omp8
(¥/a7)
/e BICryes /o Y EJ Oomp9
IAYA
/e BICryes £ (Y1) AN AR EJ OoMQ1
/e BICryes £ (Y1) AN AKEAS NPV oMQ2
AL BLrye /e (o) o/ 0+ ¢ Grb 4 oye oMQ3
(Y/aY)
o 1 o/ 1408/VY O G oMQ4
£4/)
(¥/a7)
v/ A ey 1408/VY EPR RV OMQ5
£4/)
(¥/aY7)
v/ A /o 1408/VY b OMQ6
£4/)
(¥/a7)
AYd 12 o/ V408/VY S 4y oy OoMQ7
£4/)




\¢o S SR 5 ot @lbedde 3 eslinad L GPR (o5 b s ot sla )y 36 s

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
[Distance (m) 1 ' d
0:-_ ——ﬁ. -
s,m,q
g -~ -

" . —

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

= SR S
v e | SRy Pt -
= : e :

b

(Pro1) Jyl Jbs edd 5315 (0 cpl glaosls (g,lsl, bl (LAY IS

AY Lfifa; Jap‘jﬁ BE] VY Ji-; L;;LE.A &)ﬁ w‘ rl}- 6[.& o3l 6)\}‘) MK;

G515 g 53 SOl s e OLES 34 5l s Ld laob3l (s 2 VA 5 V0
SN U 5 m s a5 Sl B3L 5430 edalia ()Y JS2) o
Gre VA 510 AY Lol 5 U o gl globsl cowd plubs LBl
aw dhols s ol LG JUml Jy 5 b O G Jlaml Jy 51 20 oS S
238055 Op B SUSL 4 by e oS g ooy JoS i b als e 50 6

S ams g S

55wl gl el bl eluly Glaal gl IKaT i g pde b oo

S s gl oS o535 e M Jadr ) laesls 4 a5 Lol ol 63,31 0 J ol
| U‘l\j I ) Lf"k“ﬂj sl )\ &@.ﬁ Lg‘)b)lg.ﬁjméﬁy GPR chl}-



WA les ) 5olacd oo s o ¢ pontige ol e 0 \EA

Sl GUls phes S 5 aS 55 e edalie Jsdr cpl Sledbl Bl ol 58K
(OF oS 033 Goe blra) (mhawe O Uil ) 3L IST 4 536 s 588 00t
ey Slal ples &b, sl 4 536 GPR T T
o83 s e Sl ¥ S (ol paigel (WS 4 by e Gl sl oSl el
Gol3 g ol (s DIl g3 3y Sl ey Al 1908 Jlos (gl el e
sl 5 oale V408 50N L ol Sl (gyls paged S 5 s e mle ) (K
33 oy Clal gl il s e Jlaxsl A4S Jldie Vo5 1 Jglis s Kleds
02551 (S 5 Sla3 ol ki ged (IS Dl o e DS il s 03 50l

) 0

Distanceey 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

0-
 — L e —— -

: o " — B i |
5 - @
-

Time (ns)

pemmcem 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30)

Ee— o : il \ \ -
e e 1l YeEe e
E - - B —— .,’
101 2' a‘ :\ " — a——
_ 182
F 25
30-
35-

'S
=3

(OMQL) s Jobsp odd b3l 5 (0 cpls (slaesls (g)lsly CdlsS (NN Y s
RGO P T wl;:» 0 J_}J}- CJLO‘)MQ‘ L)NL.N‘JJ ¢JJ‘J~>- Lﬁ-‘ BE) ol 43‘)‘ JL«"&-‘ J,_:_bu.d
saws IS 5 mehil SO e sar Oldal (5L IKT 5505 slaws s skie ol (sl 5
&Ua.a RGPS W ujao Lo 5> 9 ol U'S'Z’G ‘j:"‘bli. QT L ol rbu\ 6LACM:I|JJ.: b)\),a

U.NSJA “ ‘bfj‘ L&Jﬁ.wﬁ) ol LSJLAJK.«JT JL«».:?-‘ U'.{J;g)‘:'ﬁ" Ld}‘.,\} u..’_‘ le.ﬁbb‘é



\EAY% Sl Sl Eas 5 oot sbedae Sheslind LGPR gy il r il sla bl b s

Oljee ol 2o gl VG (ol palged ol 5 5 a8 V408 Jlej (gols pad gas
sl b oesgdome glacils oy il Olial JS o3l KaT b e Jlaz|
JUzl LS st cpl Oledbl plas .ol ol 4Dt A J sl 55 05508 sla al L
orl s SISl Ll sy g Sl 53 o Jla| Olpe 1 508 51 G
f ey s paised S 3B sl 13 SIS (gl ptsed dhols 36 cos 5t s
3 s o ol ol L bl (ol 0 (5515 el sad 4hoold) 3550 S 5 4
Gillae 48 335 a3l B Jasl IS oS 8w psdge cnl ol o ST (5 e Sl Y
d ons ST e (LS LB ol w5 o Jolsd 3 Gl ol ol
5 Sl O Ol Jaes |5 el 0 S 13 s U w5t 58 Jl)
Sl S a ¢ S ol gl L8 36l Jleg ()] g sad w33 51 Gl 5k
8 53 s (G VoI Sley (gols st gad ilS 3) 5550 SO s 4 Bda
b b OF JUsl d g cl o3 L KaT LB 5 8K V408 L ol (5l 0 se
ol T 5 ) 40 elad o Ga&e 0vt Jloy (gols gt gei S 3) Sl K s 5

sl

Sl g gyl el i 5 Il (3l IKST o g ps b o se 0 J gk

R
Tt
¢ s & g0l akols )
sl |y sl | g ol | ag gl | T P e S
S PR PRSI PRSI s Ll = Sols
- ooRR S ns . ey cyls
Sr S 38 Juasl e O JUasl sl Jas! . ( )) e S sl
o = (MHz)
m (cm)
S5 4
v v v v o ov/Y \ V408N
(Auto)
(0/YY)
1 x v v s Y AERAAN
Ve
&/yv)
x x v v s Y \KFA
oy
(]
x x v x s Y ort
h\vi3
(¥/ay)
1 x v v BIEPE 0 1408/VY
£an
x x v v S (¥/ar) e Y1




WWAA Sl ) ol ‘rA:}:Mv\l?&wu\;*ﬂ ) L_j_:..

VEA

oy
s _ 4 ga0 ol )
sl | W ol | dg elosal | gy eset |7 S o S
[CE Sl PR PR PR X Sols
_ Pl sl (ns) ’ HISSPRN
. 0E e T B SECSLS]
G S 38 Jusl e T Jlas! ALl Jlas! i S <
st ) (MHz)
m (cm)
tan
¥AY)
x v v v s Ve V408/VY
Lo
(r/1a)
x x v v BIEPE Ve VOY/VA
I
(¥/q)
x x v v s 0 AREAS
I
(YY)
V| v v v s \ Y408/VY
i0
(&/2A)
v x v v s 0 AERAAN
o0V/Y
[\raty)
x x v v s 0 AREAS
1A
(0)
x x v x s 0 00t
h\vi?
(¥/av)
x x v v BISEPE o ARShY
£4/y
(¥/14)
v v v v S8 \ Y OIY/VA
A
(ra)
x x v v By \ \KFA
A
(0)
x x x x By \ (231
h\vi3
(Y/a7)
x v v v AR \ V408/VY
L4
(¥/av)
x x v v A Y 1408/VY
L4
(¥/av)
x v v v A [ 1408/VY
L4
(¥/av)
x v v v 12 Ve 1408/VY
£4/)

G 01 533 Gas 5 3 13 13 ol £l 5 SN S Lse )3 s SOl




V¢4 S Sy 5 st S3kedie 31 oslinal LGPR iy il mdls sl sl b s

) oS )K.\JT tJ:).AK.A 0+v¢ JL‘) L;)bf«")“‘“
4 ges ilS B Gl p b ) Sldal (g5l KT b go Jlaz>l &S HIdEe N J g
b ol

Sltal (55l SCET o go Ol (5aK8) Sls (13 185 505 318 5
7o Yo
7 AY Va0t
74 Vo
7 on VY
/AR 04§

—hges bl bl b 5 Olal (5, ST b go Jlaz| A5 Ik V g

S s
Silal g3l KT s g0 Ol pe Groile) Gl (515 a0 503 ilS 5
/Ay Ve
AN [
AT \
/.10 \

ok plowl el s il Slaal pud HIKST Jlezt A g

XTSI W - O NI
AL G Jasl s
yy 58 Jlast J
/. a0 ke O Jal
AN AL Jzl oy

3pe0 Slaal 31K a il KT gl ang Sl gl el Ol g yoe 3
i oS 4o 4 Jadr llas | ol a0 edd ealil GPR e b S
05 (S el 5 G slal 5 o3Il 4 ag Suils gl el Ol a5
A ls o525 53 GPR 255 Jes slaciabl pie 5 acussiows JS, s
e Sl Ollas 5 baesls (gode (g3l 5 95 53 Ol e |y ol s
23 Faman dde (9315 sl il W5 a5 ade (oledde aie 5o 5 S e



WWAA Sl ) ol \r&:}:mv\l?&wu\;*ﬂ ) L_).;.

Sgdde mhaw ) Gldal (gl g s 5 s ol 5L A J g

Vo

ot Sl Solap gl (3 ot S (Sl i pas S _ .
B e 5 Gda &
(5,480 (an gl
>\egy Y G Jlsl s
ALY} Ve b 58 Juaml o
>o00t Vel e O Jlasl J g
>\egy Vb M Jlasl o

s ol doy 5l ol s p0ls Sl DBl &S cl gileand )
035 a5 Slaal 0l S s lakase (Sl la Shs S5 gla Soms
sy s Sllal el e slaaY 5 LS Culhs 5 o g0 ol
Ll oo Jlasl (g5ladite Loyl 3 5 laans S olas s 055055 (slacys sites
3,03 555 ey 23l Je s Laas g C\f\ S Y 2ROl (Jde 5 ey 3l
Cilsp Slles el 5 s See Speas Oledle 53 LOT sl dles! oS
S S LI Slantgw (535 0 il Olpn e bl & 42 55 L GPR (glaesls sl e
Gl e LS5 5 i 8 4 S Ly g ad SSE 5 38 Ges GPR
L Ol 5l b o 5L ol siliy b glbaaY 5 Slaal 16,5 503
s Sl s ol sles Ygane a5 ol 05U S sl S 3
b Slaal ki S 558 lakeme (ST Gl S5 JI5 GlaStony S Jos 0
Coalins 5 i e (slards Ges s slal 5 o3lul alas 3| Ciline wdia sl el
ot Jle S aibl dasd i gl e 55 s Slalekili g ek slagY 5 LS
SOl A2l sslial BB las 3505e oled gl &S S 5 malr o = Ll
Luls,y oo 5,5 ST ol & s 15 o oy (pior 3575 Dope 03 S 5 S
sLiSSaS wzadls sl bl bl adsl laslae Olssas s s 5o L)
S 2ose 0 bed A 5, Gl s gl ples sl bl dies
s Ol by Jal gy € Yol ol 5L (sla ey 5 sldad diiles L jzal

a3 5 e G g Gds gbeas b 5 55U GPR L;UAC,.J\JJ{);{Y_,W



Vol S Sy 5 st S3kedie 31 oslinal LGPR iy il mdls sl sl b s

S ks Ll a5 sl sl e eslitel s S ol Rl

N oS Slales 5 s b eyl (et S s g5« GPR =il

ORIl b s 055 S 55 a4 med gsba SIS pl GPR il o gbaelSans 5 sl

Dy @i (25053 2 SO) L8 a5 50 sue

2 Sy G e ol Glagn Sl S oS et S Olsen Sl

g oo gl 3 Dyson il ang bl GPR glassls il wlhes

Dsbed) ot eslinl (R (65 0 WS B Rl ALY a1 i gad IS B Ol e

ol 31 508 Al 5GBS 3 pts 3l labl Jpam 5 5t blasl culs

L S T I VI VERUF W5 PRV RpINT>

eled G ST lten) o Ble V5 o abols Oln (3513 5 (8 3bme

el (5L (s e 5 sl (S S slal 5 0311 L Olal e 5l 0 gbke Cilutal

(Laesls (g3l b 5 (5105 (Sl 3L 2050 (6 5 5palS alable e S ) slaea) VUL

ks ol Gash mli (7)o Slabes (5L, Ay b Gillas Sl 8y

@ alie Ol Gl U osjlse sl oo 5o S on 50 ol ploil f g5 4 5 poms

JB (sl (555,56 GPR Lol O see o sla s, 5l eslinal 48) (5,48 >15 55 05

sl o3zl
@L:.e

1. Huisman J. A., Hubbard S. S., Redman J. D., Annan A. P., "Measuring
soil water content with ground- penetrating radar: A review", Vadose
Zone Journal Vol. 2 (2003) 476-491.

2. Maijala P., Saarenketo T., Valtanen P., " Correlation of some parameters
in GPR measurement data with quality properties of pavements and
concrete bridge decks", Proceedings of the Fifth International
Conference on Ground Penetrating Radar, June 12-16, Kitchener,
Ontario, Canada, Vol. 2 of 3 (1994) 393-406.



WA Sl ) 6slacd o o Al ¢ unlige lid e By 55 VoY

3.

Cassidy N. J., "Evaluating LNAPL contamination using GPR and
dielectric analysis: Practical implications for signal attenuation and
attribute analysis studies", Journal of Contaminant Hydrology, Vol. 94
No. 1-2 (2007) 49-75.

. Olhoeft G. R., Capron D. E., "Petrophysical causes of electromagnetic

dispersion”, in Proc. of the Fifth Int'l. Conf. on Ground Penetrating

Radar, Kitchener, Ontario, 12-16 June (1994) 145-152.

. Annan A. P., Waller W.M., Strangway D. W., Rossiter J. R., Redman, J.

D. and Watts R. D., "The electromagnetic response of a low-loss, 2-
layer, dielectric earth for horizontal electric dipole excitation",
Geophysics, Vol. 40, No. 2 (1975) 285-298.

. Beres M., Huggenberger P., Green A. G., Horstmeyer H., "Using two

and three dimensional georadar methods to characterize glaciofluvial
architecture. Sedimentary Geology 129 (1999) 1-24.

. Zeng X., McMechan G. A., "GPR characterization of buried tanks and

pipes”, GEOPHYSICS, Vol. 62, No. 3, (1997) 797-806.

. Lutz P., Garambois S., Perroud H., "Influence of antenna configurations

for GPR survey: information from polarization and amplitude versus
offset measurements”, Geological Society, London, Special
Publications, 211 (2003) 299-313.

. Kofman L., Ronen A. and Frydman S., "Detection of model voids by

identifying reverberation phenomena in GPR records"”, Journal of
Applied Geophysics 59 (2006) 284-299.

10. Shaari A., Ahmad R. S. and Chew TH., "Effects of antenna-target

polarization and target medium dielectric contrast on GPR signal from



\oy Mo o a5 5ot ibedie Sl ool L GPR iy gl sz sla by L3t e

non-metal pipes using FDTD simulation”, NDT & E International, 43
(2010) 403-8.

11. Stowik M., "Influence of measurement conditions on depth range and
resolution of GPR images: The example of lowland valley alluvial fill
(the Obra River, Poland) ", Journal of Applied Geophysics, 85 (2012) 1-
14.

12. Metwaly M., "Application of GPR technique for subsurface utility
mapping: A case study from urban area of Holy Mecca, Saudi Arabia",
Measurement 60 (2015) 139-145.

13. Prego F. J., Solla M., Puente I. and Arias P., "Efficient GPR data
acquisition to detect underground pipes”, NDT & E International,
91(2017) 22-31.

14. Sadiku M. N. O., "Numerical techniques in electromagnetics. Second
edition”, Boca Raton London New York Washington (2001) D.C. CRC
press.

15. Knddel K., Lange G. and Voigt H. J., "Environmental geology:
handbook of field methods and case studies”, Google Books Result,
1357 pages, Chapter 4, Geophysics (2007).

16. Annan A. P., "Ground-penetrating radar workshop notes, Sensors and
Software Inc", Mississauga, ON, Canada, (2001) 192.

17. Jol H. M., "Ground-Penetrating Radar theory and applications. First
edition, Elsevier Science", (2009) 543.

18. Irving J., Knight R., "Numerical modeling of ground penetrating radar
in 2-D using MATLAB", J. of Computers & Geosciences, 32 (2006)
1247-1258.


http://www.sciencedirect.com/science/article/pii/S0963869517300142#!
http://www.google.com/search?hl=en&sa=X&q=inauthor:%22Klaus+Kn%C3%B6del%22&ei=F6ayTPnfLNS5jAfmvsV3&ved=0CBoQ9Ag
http://www.google.com/search?hl=en&sa=X&q=inauthor:%22Gerhard+Lange%22&ei=F6ayTPnfLNS5jAfmvsV3&ved=0CBsQ9Ag

WA Sl ) 6slacd o o Al ¢ unlige lid e By 55 Vot

19. Bergmann T., Robertsson J. O. A., and Holliger K., "Numerical
properties of staggered finite-difference solutions of Maxwell’s equations
for ground-penetrating radar modeling", Geophysical Research Letters
23, (1996) 45-48.

20. Davis J. L. and Annan A. P., "Ground Penetrating Radar for High-
resolution mapping of soil and rock stratigraphy"”, Geophysical
Prospecting, 37 (1989) 531-551.

21. www.malags.com.

22. Reynolds J. M., "An introduction to applied and environmental
geophysics”, John Wiley Press, Chapter 12 (1997) 682-749.


http://www.malags.com/

