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Fig. 2.2 Ground penetrating radar processing unit
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Fig. 2.3 B-scan image for a buried pipe

Fig. 2.4 B-scan image for a buried roof like object
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Fig. 3.1 Schematic diagram showing a multiple root condition at a reflection point

Fig. 3.2 Axially-transformed error ellipse
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Fig. 4.1 Radar units location of quasi-monostatic radar system

Transmitter Receiver Scanning direction

Fig. 4.2 Schematic diagram of radar scanning

Fig. 4.3 Roof-like aluminium plate
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(a) Distance of radar units: 0Omm (b) Distance of radar units: 230mm
Fig. 4.4 B-Scan images of scanning a plate for each Distance of radar units

(a) Distance of radar units: 0Omm (b) Distance of radar units: 230mm
Fig. 4.5 B-Scan images of scanning a pipe for each Distance of radar units

(a) Distance of radar units: 0Omm (b) Distance of radar units: 230mm
Fig. 4.6 B-Scan images of scanning a Roof-like aluminium plate for each Distance of radar unit

Fig. 4.7 (a) Reconstructed cross-sectional image for the flat plate based on the pair of a quasi-

monostatic GPR and 130mm bi-static GPR data
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Fig. 4.7(b) Reconstructed cross-sectional image for the flat plate based on the pair of a quasi-

monostatic GPR and 180mm bi-static GPR data

Fig.4.7(c)  Reconstructed cross-sectional image for the flat plate based on the pair of a quasi-

monostatic GPR and 230mm bi-static GPR data

77N

Fig. 4.8 (a) Reconstructed cross-sectional image for the pipe based on the pair of a quasi-

monostatic GPR and 130mm bi-static GPR data
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Fig.4.8(b) Reconstructed cross-sectional image for the pipe based on the pair of a quasi-monostatic

Fig.4.8(c) Reconstructed cross-sectional image for the pipe based on the pair of a quasi-

i
1
1

GPR and 180mm bi-static GPR data

monostatic GPR and 230mm bi-static GPR data

-~

Fig. 4.9(a) Reconstructed cross-sectional image for the Roof-like aluminium plate based on the pair

of a quasi-monostatic GPR and 130mm bi-static GPR data
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Fig.4.9(b) Reconstructed cross-sectional image for the Roof-like aluminium plate based on the pair

of a quasi-monostatic GPR and 180mm bi-static GPR data

Fig.4.9(c) Reconstructed cross-sectional image for the Roof-like aluminium plate based on the pair

of a quasi-monostatic GPR and 230mm bi-static GPR data

Fig. 4.10(a) Reconstructed cross-sectional image for the flat plate by RPM method
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Fig.4.10 (c) Reconstructed cross-sectional image for the Roof-like aluminium plate by RPM

method

Table 4.1 Root mean square errors of estimated results by proposed method and RPM method

130[mm] | 180[mm] | 230[mm] | RPM method
RMSE of position[mm] 0.491 0.344 35.805 0.687
Flat plate
RMSE of angle[°] 0.873 0.711 2.787
P RMSE of position[mm] 1.278 1.039 1.692 4.962
ipe
P RMSE of angle[°] 13.002 10.456 12.225
. RMSE of position[mm] 3.579 11.325 13.275 13.311
Roof-like plate
RMSE of angle[°] 11.171 7.736 14.729
—_— =p
4.2. TR

42.1. FEBRSAE
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D HNT.
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300[mm] TRRE L7=. 2D K ) ITRE LIZDIT RO GRS B D LB R O IER
1TH72DTH 5.

IHbb quasi-E /S AXT 4y THIPL—F LA ZET ¢ 7 iR L — & DA
B 3# 0 TYIROWIREITTZITV, BUNERONLE & EH & O L) —fih
e B & RPM{EIC X D Wi 2180 LMl 24T - 7.
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Fig. 4.11 Experimental situation
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(a) Distance of radar units: Omm (b) Distance of radar units: 230mm
Fig. 4.12 B-Scan images of scanning a plate for each Distance of radar units

(a) Distance of radar units: Omm (b) Distance of radar units: 230mm
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Fig. 4.13 B-Scan images of scanning a pipe for each Distance of radar units

(a) Distance of radar units: Omm (b) Distance of radar units: 230mm
Fig. 4.14 B-Scan images of scanning a Roof-like aluminium plate for each Distance of radar units

Fig. 4.15(a) Reconstructed cross-sectional image for the flat plate based on the pair of a quasi-

monostatic GPR and 130mm bi-static GPR data

Fig.4.16(b) Reconstructed cross-sectional image for the flat plate based on the pair of a quasi-

monostatic GPR and 180mm bi-static GPR data
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Fig.4.16(c) Reconstructed cross-sectional image for the flat plate based on the pair of a quasi-

monostatic GPR and 230mm bi-static GPR data
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Fig. 4.16(a) Reconstructed cross-sectional image for the pipe based on the pair of a quasi-

monostatic GPR and 130mm bi-static GPR data

Fig.4.17 (b) Reconstructed cross-sectional image for the pipe based on the pair of a quasi-

monostatic GPR and 180mm bi-static GPR data

Fig.4.17(c) Reconstructed cross-sectional image for the pipe based on the pair of a quasi-

monostatic GPR and 230mm bi-static GPR data
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Fig. 4.17(a) Reconstructed cross-sectional image for the Roof-like aluminium plate based on the

pair of a quasi-monostatic GPR and 130mm bi-static GPR data

Fig.4.18(b) Reconstructed cross-sectional image for the Roof-like aluminium plate based on the

pair of a quasi-monostatic GPR and 180mm bi-static GPR data

Fig.4.18(c) Reconstructed cross-sectional image for the Roof-like aluminium plate based on the

pair of a quasi-monostatic GPR and 230mmbi-static GPR data
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Fig. 4.18(a) Reconstructed cross-sectional image for the flat plate by RPM method

Fig.4.19 (c) Reconstructed cross-sectional image for the Roof-like aluminium plate by RPM
method

Table 4.2 Root mean square errors of estimated results by proposed method and RPM method

130[mm] | 180[mm] | 230[mm] | RPM method
RMSE of position[mm] 2.027 2.155 2.396 2.805
Flat plate
RMSE of angle[°] 0.723 0.723 3.181
P RMSE of position[mm] 1.697 4.429 4.125 2.467
ipe
P RMSE of angle[°] 10.322 12.980 12.747
] RMSE of position[mm] 17.194 13.629 11.606 10.726
Roof-like plate
RMSE of angle[°] 24.738 19.899 22.282
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4.3, E%52

Tl s R ChbE, Y EMBEITBBLREMOERERIZIN - THEENME 2N H
Ktz Z ENMDN, KEEBROD quasi -E /) AXT 4 v 7 MithL—& L3k - {58
BiERR 230mm DA A X T ¢ 7 HiH L— 2 O STEGR LS OWITEEN ST L
FoTND. FF Y FREORNDFICAE TIIMNE, BIRRMIEOBRENK
SHTWA.

BRI BT IERE N & < 72 213 CHEEBAEICREE DN BOR 3 2 M E N H H[9]. &
ZAGHEMIEREN A 725 E R UM TR L7 & LT O ERIEEEIEHEN R 725
L TIENTL D, THICED A RDEEL S FR0TL Y, EfMERNT A
— A WENREEZ R oT-DE B2 ON5. -4 EORMEER TIREIEIC XL YK
DB ERE W0, BBRIZIIHITNC L > THBEERNLSLT 5720, BHL
T BRI DARFR IR & L EOGIEHEIE TN AE T Z L IC L > TREENRHE L O
LEZOLND.

25
—ERFRFR LEOHRER



S = S =
FHhEE. FEE
5.1. k&

AFRILTIL, ~NFRET 4 7 i b — &% TS O §hiE 75 1 O Wriki 12
WETTEZRRE L. 612, @REOESYR 3D S RLTRED
HEREFEZ BN L7c. ETlifg TIIHEE ORISR Lo < o7z 2 Linb,
COTENAEH T D LnEhl.

52. 5% O

KFD LD IZHFERPITIT R E B 2 DN D BE THIT BRI Ak
HARET 52 ENTE. L LR s, #ih7p SHFHERP A — R 3E Tl
ot LIk OB ELAVSE Uz, AiasC T, BUINsR 2 KRBT 52
MO - HlliIT 7 40 MEZ W0, BUINREE OALE RS J5 1 OHEERR A 4 5
FRTCHEMHORE - Mz €0 5728 LT, @tz moiu.
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