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Abstract

Based on the construction of several tunnels in Guizhou Province, the relation between image fea-
tures of TRT advanced geological prediction and physical truth discovered by excavation was ana-
lyzed comparatively, and the TRT image features of several typical adverse geologic phenomena,
such as karst cavern, fracture zone, fault, were summarized. According to the features of TRT im-
ages, the color histogram contrast method was used to assist the judgment of adverse geologic phe-
nomena from TRT images in the paper. The pick-up and analysis program of color histogram of TRT
images was developed based on OpenCV Program. Furthermore, the matching methods between
unknown TRT images and the typical TRT images were put forward, and the calculation program
was developed to obtain the matching degree which can be used to determine the adverse geologic
phenomena reflected by the unknown images. The application of the color histogram contrast
method will promote the quantification and automation of advanced geological prediction, and
there was a good achievement in the actual application.
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1. 5|15

T SR SR R S A, BB IEAE T2 A o 2 2B B 5 W AT A R BTELR , AT I R K
e BEIRAEEEAL], XREE W TAROR N SR W s A B E B, AR R E i T R, T
JEERRTHL BT TR, O TN S SR A TT MRS L, TR S e TR AU N E

H A 1972 £F 8 JIAE ZINAF A TTbRod 3 5 A TR 2 LAR, Al PR AR A — B2 3% [
HAL, FERT L 90 EAAHITTIE TAIRWETT . TSR B AT IRTT IR R ST R B R S Ay
Fbs I DL, Bl BB AT IR IEOR, B ARSI MR B HVASESE, thRENMAT LT
FELE[2].

FEARA SR T — P2 RIS AR, e T =B R R B R SR A I TP Re 77 5 R e
5o ARG T RETELS B ML [3] . TR A AR SR P B S S A% 12506 B [l KRR AR i = 1S DL AT 1
TR [4]. WhifFiAF2ET Google-earth 477 i, 2 M FEMIMIBR G S, WU X ISR & R gepiis, JFEar
T BERE XA IEAR SR R [5]. AT TRT BORMI FEATHRIEAREF, 2/ TRT6000 #4t,
T R Hh BB AR AN TR [6] 0 XIGHT SR 55 LA BT S TE B AT R 0 2 22T B, 45 TGP206 Hhj= s it
PAEM TREMFUR AL, B0 B KBS IE T e S & BT S TR [ 7] XIREE A ET%T TBM it T id 8 3
ffr R, 3R T —EDIERY B AR R T 8 - FIRR” IA R BRSO T, IR
TBM i3t 5 SRR SR [8] . FARA R NS FLH AR CT U5k Tl A HigR [9]. WSiE 2 S5 52 t
T TR BB R 718 4% - 4% A 2k R K 22 0 25 1) BB S0 B 1T 20 S8 OVA[10] o 1815 SR S AR e B
TREFT AR R IASE, A SR R I W R T 255 IR T A T A 2R L IR AR L [11] . W e it
SRR = e AR RE R R, N AR R T T BN WA R AT CRHIERE” SRR, X E I T
7 AR BURIAS B3 A b L HE R RE 2 [12] 0 2R A S M ROK XS 22 A B 5 B 7, S it
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LIRS, $EH T Rl S — b 5 % T8 it L AU Al B8 AT o P A AR [13] 0 FAL iUER K b 1t
=2 L P AR Q5 N B BETE R T il b, 3Rt 17 3 T = 2 oL L 3 ) B T T A0 2R O DA 5 14] o
ZEARA S I = AERUER AR R IS BT 7T, 5 A P A FL R i T AT R e LRI TV [15]

BUA 1) 5% Fob B8 T e SR AR B AR AR A AE 25 B R, R R £ 5 B ATt o Tl 2 ok 36K,
e FFARSEAELR G MR R SN =GR A BB DISRBUE ¥ 7 = 4E5 0, R =45 2 ) E L
BRSBTS [16]. IR AR R AR AT Z MM T 20 i« TSP MUk M isik. E T s
TN DL KR Al A 45 & IO D7 AT SR AT S T, 3R 0 AN R B AR TR A HE B 3 [17] 0 TSR
H I AR R P o PR PRI I A SR P 5 T 3 R o 0 X e it T A I M5 TR [ 18] o R AR A LA
PETBRE 2 BRI B4 1 LA “RTSIM B ARG, IR AR R TB i 14” BRI
JRITARER G HAR[19] o AR 5 1E i S5 1R X B o TP B Jl DR 0 2t b, R P L 0 3t 5 2 A 5 K e
WA AR 455 (0 77 V5 EAT B AT ST IR AR [20] 0 5 BEIRIIN, 30 2738 5 X AT 1t O FUbA il e SR e 1%
TITHEAT TRIETE, W WAL E S22 U S S0 (TGP) R H 14 SO W B2 BE IR AR LA FE S5 2 00 S
5 A P4 1t 72 5 2 0 SR AR [ 2] o 2% 5 7 S5 T P i T A o R Rt R O N PR AR (MR B R X
200 HAFAEMERA AN 1R R, g HE — et ) 2 1 P A IR R 2 815 D 4 F) e DM 1 73 AR AR R [ 22]
5% I EREET S0 TSP At o7 TR AE R VL ARG 1P AU AT IR T, SRt T AN i, AT RothiR
TR I LA P B 1 [ 23]

BRI KN REATE MBI SR, AT R SOR BB AR, (B2 H ATV £ TR
FEA R JCHGRAE R MBS T, PURER W EEvEA s, FAHER SRR TR T, #
M 3 722 9 (B LR 8 ) S S A R ) BT 3R OK 22 5 AR TR AN IR 8 J5 B0 R AE A [ ) e J5 2% A AN M B PR 58 L S A
SN, DRV A RS TR 285 2R BB IR 22 AR TR S T4 22 SR A PR AR A AR SE Tl A N S 2256
AICARFESI M I 2 26 BEE A%, RA] TRT MR BRSEBT AT T sl s @70 Hr TRT #RINEE R
FUGHFIE, JEHC T HSV Bt B 7 EIXFLhidokad TRT BUMGHEATTHENLEMEIR A, 38 i 4 DT RE R 1) 7 5%
X 5 M o L [X R P AR A BB A o A A AN RS I B PAIX 73, SEELREF B3R K% E TRT K
BRNTNEM T 26 BBIE TR, KRR RIF.

2. B RUFEIMAR TRT FHEE R

TRT & ATHUT HURBOR S A O 10 R4, JHERKERGE TS T TRH, AEE g T A
[FIAS RS R R AE R, (HR TSR, AN FEHX S AR T, AR A RO 5 R AR AL
BURAEAE T AE O ZE 5, DS SRR el i M B T (R P, 3 — 2D 1 3 R DX A A Rt S 3 (1)
RAE PG AN T A B AR o A S e R B 5 ] e 0 b X9 26 Bk B B 0 P2 P, S und LE 23 #r
T T8 E A RIEELR S TRT BRI R, AL 7R B Wiz S5 iR A Rt 5 I Gy xt
B2 TRT FAAEER R, R 1 XA RIS S A R, Dy Ja S0 At o R SO0 8 3k 1%
SO .

2.1. WEE

TS Bk it (PP 28 Bt P Bk ) e ZE AU B F I 7E T4 31 D2K320 + 270 Bt 48 88 1 R ALBEREy, 5T
B KV BB s XA s Al 1 s, O TRT BB 2 shaEya il pros, B E EET
AL S DAL B AN S A

M2 ATRAE B B 2 G DX i € DX S R rCIR B A1, AR e B (3
i, RSB 2 AR, A AN
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Figure 1. The fracture zone located at Section DK320
+ 270 of Gaozhaiba Tunnel

1. SEUFEIE DK320 + 270 FriB T

(@) A

(b) UL

(c) ik
Figure 2. The TRT figures of Gaozhaiba Tunnel when working face located at Section
DK320 + 250
2. BERYIFEE TRT pLf% E(F FH E 42 DK320 + 250)
2.2. &

TR PR BR SR S KB TE HE LIEJT 2 % DK308 + 120 L i@ 3] 7 KR s A, Wnl&l 3 fron, ¥
BORALRI KRS P 7, N TRT B0 4 th ZDHEVE I s
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Figure 3. TheKarst cavern located at Section DK308 +
120 of Caijiaguan Tunnel
[ 3. ER KMKkiE DK308 + 120 FriB & AIAIR
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Figure 4. The TRT figures of Caijiaguan Tunnel when working face located
at Section DK308 + 005
B 4. 2K KMKE TRT UG E(E FHE E#2 DK308 + 005)

M 4 ATEUE I IR RFIE DY B IR A A 0 X B, A S ISR A, 5
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2.3. BB

SRR (B N 234 AN FIE 2k %) /)N FH RS 38 HE I /E T 42 %2 DK37 + 375 Bt s 1 —ikPEWi =, W2
T TRV R Bl R 78, W] 5 fros, AR TRT BUR W& 6 Fros

MIE 6 FTCAE H, W E I ERRHE g BOR IR A0 Bt BiE 2 XOR AR B R 45 B, PR TE SR 2Ty
)58 X AP AR A 2B, T w I A e B B 2 5.

Figure 5. The fault located at Section DK37 + 375
of Xiaotianba Tunnel

5. (NAEEET DK37 + 375 FriBlh =

(a) LA

(c) LAk

Figure 6. The TRT figures of Xiaotianba Tunnel when working face located
at Section DK37 + 385
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3. BB EHEXEE
3.1. TRT EHESHES

PRI A ISR 26 X R O AE SR G, e 5 G R AL AR 2L, o fm 2 BRI R 7
Beity PERE A S AU 45 R AT SEVERAE R P . — BRSO TR R R AR IE T DA AL 2R TR EEA,
BET R AL A UL L AL 22 A B — R & RORHIE A SRR . SCEARIE. TRMRRHIE . S RAL B ESE . £
5 ot TREAR 5 0 TR S 0 22 AU T 1R 30 ) P K 2 #  ) — DXAsAS [T ] B A P, et o Jak PRI £
AT SRR . B A BRI RIS, X ER ) AN EEAE R E B 2, FHIEA
SORFE XIS, SRR AT AT P

TRT BME— KA iR Bl —— A W R ISR, o REAE e A B, T S 2R ) B TR
BORARFEH THRAE R BB, ARG F880RBI5E . JRIM, X TRT BRKIRAVAMRES 2 X A )
FRBLR IR, AR YRR SR . A RIS A B A8 R SERFIE,  DLETIR B, R
EaTaal AEREN. WP, SRR, MEIER, KB RTT R, Toik IR
AET DLRIR, SEAS LSO LK e SR SURRIE . DRI DA P A% 458 1 5 T AP AL s 1 R AR 31 T 0 R ik
7R

H2, TRT BB IHA R FTEILR A H 8 2 MR —— i, O XIS CRAE IRBGE X,
WRER) S IR BRI DX d; B XIS s ok X, gl R B iR LA ) X . A, Bt g
M T AR ST (K i LA SR AR L, AeEE A A, BUEAEGRIE Y — M ARE bR E . B,
A SO T T BRI BOR—— 0 BT B BB TRT BRI REAT 2047 -

3.2. B HEA BRI E

Bt B 5 B AE R R Sk R o 2 BEASIE, EHE 1 — K B ok T B I By
ik, AT AR RIBE ST 7040, 8o 7R E e B AR R B N O 2 3047 0 — A DUORAEIE 13
RIEIIAAL), EER TERRIZEEE, B Tomd B T ros R . DL 5 R 57 1’y
1, HarBLE SON:

H(k):r:\l—k,kzo,l,Z,---,L—l )

Hr, NCVEBRSGRE, L B E T EREEgEL, TR BT BRI KR, Ronit
0~255 MK FEAE 4> FIM X M AL (bin), n A k B X AL & i R R 4. X T Al RGB. HSV &
BEERS, JEEE B8, AASEEHEE R S £ .

MR FIRFRATRT LA 50, B BT B AT LB — AN BB B S S,  T DURI SR AR & 1A 1 B 2
SR R ke P RO REALLRE o R 7 AT BT R IR [ R A [ e R AR B Mg PR Bl o5 B e, T A OG0
R EEIAR R E. £ TRT EERAH, 3X AN 08 R DL T2 AEUBOGER A R IR DR AE R,
A DA R — AR AT DO e 52 AN [ RS 1) TRT BUEEAT VLRSI 0
3.3. KEExI

TRT BRI 3E T IFEA IS OpenCV3 (Open Source Computer Vision Library) 5, %f H szl #k4T
TR RS LE R TRT BT R K, FEFFEET WINT 64 F2EARAR. Microsoft Visual
Studio 2010 F1 OpenCV3, it C++4i5[24],

AR AR R AV TR P AN R BRI ) TRT EUERA NG, F2 5 32 B A U DT R 16 77 1R Xt
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TRT MEALEEEAT IR0, R UG SRR MG AT TLAC, AR 4R D 5 2 4 Wl ik R AR ) A R 4t 5 30
FRM. B 7 & EIRAN IR R SR A R R, W B e IR R 1. VR
& 2. w3, A R 4.

Figure 7. Template images of TRT
B 7. TRT &R E&

FEREAT TRT BB ETEXS 2 A, BT sl ORI 00 7 5 BB X, SR RSB0 25K,
(HIL S BN AN BEA I 2 AR R W X (R G)AAAE, WA 8 PR, 14 8 EifByEkis v FEREIE Sk TRT
G0 225 SR o A i T A R L5 3 B SR T ) Jey R BT

Figure 8. The local portion of a TRT image
Bl 8. FETHYSIK TRT EIREER

3.4. BBXIELELE S B
TRT K& B 7 BN AT se il E B aRsst i . (=5, HSV B 7 -5, BRI

AR

1) s fr: BCELF OpenCV JG, EURERHCAEFMA], nTLAEEAEH “imread” SHUE f, FLLE
FEACFF R BRI TR H R, tn] DUE RG] H B i AA bk

2) A T TRT EGkUL, BUEHEFRE BRI AR %, HETENRAS
R BT EIICRCH AR #2566 T HSV R a1, B DAEAT BLJ7 IR LU EE e AT o s I ) Ak, 7522
TR 2 OpenCV B2HUE (UG IS (B TG 7 N IESR4T(BGR), AR FRAT1— M U194 4 5 (RGB);

3) HSV E 5 Ei1+5: OpenCV AT LA H calcHist( ) sk it 5 B o5 B, 7648 F 2 0 i EIaa L B
BISEZs, EEEIER bin BOMUEEHR . bin 7] UBIBONARE, ARE R ANRHET T X B H, HH
8 W TR S R IE G v i o GRS & 2 H (1) bin BT DARRAR B 7 BI4ESL, 32 100 A DT I R0 5

4) HJ7EXtEH: OpenCV Ha] LU A compareHist( ) B8 B0EAT BLJ5 X EL, b s B [R1E R d(Hy, Hy)»
R 5K B 7 B PR
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3.5. MEESH
f£ OpenCV w1 L A B 77 B AR LR 2 AT 4 AN IR A B 0 A [ 25]
1) #K
1 H2 I 2
< 2>< ()-+,) o
\/2 1 ZI(HZ )
A
H =Y H, () ©
N 58 =B E [ bin 44
2) K7
s [H()-H. (0]
d(HH) =2 (4)
3) HJ7 I
d(H,,H,)=> min[H, (1),H,(1)] (5)

4) Bhattacharyya {1 25 (& FC#E )
d(H,,H,) \/ \/7 > JH, (6)

IR 26 3.4 A B LU LRGP B, SRA Bk 4 Fioep e T7v:, # 1 8 ARG 7 Hriry 4 skbriE
BEATXS T, HHRARIENTRLECRE, Wk 1 s,

Table 1. Matching degree between Figure 8 and Figure 7
1 E85ET7HLEE

i R Eea wRER2  BRWEERS  EEEEER
R 1) 0.87 0.85 0.55 0.51
RI7% 2) 19.62 29.39 81.93 88.06
BT B 3) 24.75 26.20 28.84 27.89
EL R HE BT 4) 0.35 0.39 0.38 0.40

X T SRIE A ELTT BARACYE, DL RO S e B U RC DB s 0 T RO L R RS i, VL4
HARVCECEE s . R L AT AL, ARFEAIRIEANRIU5E, B8 5 7 rhimF R 1. 2 ILRCEE R s By
BRI AN L REE B s 6] 8 514 7 A1) 4 5K R TLRC B AH 4

Kb EAETH NG A 4 RO LE R IE S F AT R, 9 ORIERT EL o A R R PR AT RT 54
AT LGETER 4 FhJ5 AT 2 VL RCEEBEAT BB BoRAS ) — NEOREZ I ILRCEE . tF 5~ K (7)
s BT 4 FMOFAH SRR VLR AR VE B A B0 I AT BT 2 i 7 ZEX EA 1 AT
— b, m(8). KO)FR:
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o 2.D;
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D.=;§I_ (i=1~4,j=1~4) )

o1, D, i 7 518 6 R 8 | AMEMRIGIBCERIICRLRE . Dy WIE 7 518 6 i i BRI E | RO
AR — LT .

D, = 4d"' (i=1~4,j=13) ®)
&%
1
d; _ .
D, = (i=1~4,j=24) ©)
) ii
i=1 dij
Aty d A 8 517 S I ANMEBCR SR | M5 ETHEAS B ILRCEE
D, =D, +D, (10)
D.=D,+D, (11)

Al LA 3 1A 8 5 Y T E B (D) AN RK B AT PO IT R P (D)

MR 4E LRSI FE, AT LAE R 8 59 I (D) AR i (D) I VL BT FE 23 531 0.6 A1 0.4, A& 8 &
NI RIS T . ZBAiEEE, SO EWION b, KEZA/NEEIR. HRE, N IR
HAIEF 1 m,

4, TIEMFB
4.1. MBSk ERERE

TS iR A8 RS TERE 17t T3 DK304 + 127 bl AT 1 — K TRT AT s i, 15 20 TR AL 4o
K 9 Frow, ok B rb e L P A BG4 T B e E 7 BROGE L A b, 7 381 5 R R R Y AT DT FE 9 3l A
0.64 f10.36, HWIZMEFHHAKE;: SLbrt THEE, 12408 KRB RHEMEFEE 10 Fir), S5
HWreh R & .

4.2. LGNEkE%) HINEEE

RN /N % IE 3F 115 T %) DK34 + 401 AbHEAT 7 —IR TRT #ERTHL B ik, 15 2k A0 &
WP 11 Frow, o B A 2D AE S R P ) PR 3 AT e B B AT, 7 381 5 VIR R R A P S TR 4 )
N 0.68 A10.32, HWrizfiBARFAKRE: LLbrit TIHE, 24408 KM FEHEAERGE 12 fir), 5
Fr FI &5 R o

Figure 9. Planform of advanced geological prediction in Zhongzhai Tunnel
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Figure 10. The picture of surrounding rock masses
in Zhongzhai Tunnel
10. hEFER TIREERERA

Figure 11. Planform of advanced geological prediction in Xiaotianba Tunnel
B 11, /) FIBRIE B AT R TR AR

Figure 12. The picture of surrounding rock masses in Xiaotianba
Tunnel
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4.3. mBASREEIECRRIE

TATES R B S SRR 3E 1 T3] DK314 + 210 AT 7 — X TRT EEHT L5 PR, 45 2T 10 0640 B an
Bl 13 Fio, o P A £EAE Y Bl P ) BTG AT B 6 B 7 FEIR bl 4 b, 49 2810 FE 5 IR AR ARty (1 D 43 31
0.48 1 0.52, PHFFAS R Hb5 I G A VCHCEEAH 2, ARAETH B4 RN ) T ety s e sibpitl LR FR, 14t
NIRRT, APEZ4/NRNIR Y VAR, AR TR, AR (E 14).

] L* i e Sl i fi..‘ i Tl ' i ‘ f I J
%\é‘fﬁ\-'- "l sf";"'w e | | 220 A9 | £

Figure 13. Planform of advanced geological prediction in Xiuwen Tunnel
13. & BREB AT BRIR AL E

Figure 14. The picture of surrounding rock masses in Xiuwen Tunnel

E 14 e lisEEERA

5. &g

ARSCRACTM A 2 6 BETE TR, SR TRT B Al 57 4R Iy 12 0] B0 25 1 il 5 Bl dEAT 0, IR
P T B ) B UM BOR ——Z 0 BT X E RS TRT BURRHIEREAT 700, 15340 T 324518

1) M PRERIE TIFZRE I, SEHO LE i it TR ER SRS TRT Wk BB LA OC R, KA TR,
iR RS IR A R BTG X R TRT Pk B RHAE 5

2) BT TRT Flk R ARr =, 3 HR B B 5 B BUR AT DU st A B TRT RO HA, DAY
TEFIBE AT PP A R R 9], 56T OpenCV 4t 7 TRT EHR B B 7 B3R ELE TR 17

3) T TRT WRAFMEEIG R, = 7 RAMEE SR R LA T %, gt 1 2 FhULAC T LT
FARFE, fah 7 E EALK ILEC R BRI T TRT B SS B R R .«

SET L5 S B M BOR (1 R i AT 3t 5 TR i s Tt ik e e AL BRI RE, IR
FE SRR TRE R T 3RAS BT AR
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