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Research and development on geological evaluation and
prediction of rock falling of tunnel faces by Al
-Part 2: Optimization of shooting procedure of tunnel
face photographs
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Research and development on geological evaluation and
prediction of rock falling of tunnel faces by Al
-Part 3: Color correction of tunnel face photographs
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Advanced Construction Technology Center, 3. Toyo University, 4. HAZAMA ANDO CORPORATION, 5.
KAJIMA CORPORATION, 6. SHIMIZU CORPORATION, 7. TODA CORPORATION, 8. NIPPON SYSTEMWARE
CO.,LTD.)
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mountain tunnel, Color correction, Color sample, A photo of kiriha, Contour detection,
Artificial intelligence

WWE Y RIVIRCS T3P =RELZEGNS(E, ENBORE, BYLEE, HEXDPFE0DH, IE5H
BEDFASNEFTE S, BIEECHMEXDSFODHCEUPIDBEVWNEBRBREGESN, BECHW
RAXSPL YT 1)V DOUE, MARASZFOREBEERICL > T, BESNEZEBROBEVRIELT 3. BE
BRECL>TEBELVNE—INEVES, BHULWEZEEL UEDHEBEBECEICRENEEZET 3 &0\ S5HFE
RELS. COFRBOREKELT, FOHBBHREZERLLERAZMERL, DPRERCEBRAZSHERE
BR3CET, BRREBICLZBEVODRILZRMET L Zid, RFTHEBRZFTSNT.

From the images of the kiriha taken in the mountain tunnel construction, it can be expected to analyze
the degree of cracks, weathering alteration, geological classification, etc. In case of the hues are not
unified depending on the shooting site, we recommend to use a color sample defined in advance, and tried
to correct the change in hue due to the shooting environment by taking an image including the color
sample at the time of kiriha shooting, and obtained good correction results.

ONBHAMEALTARER



CS14-27 AHBEET AL LEKRSB7OEERLMBES

W b2 RV OYIPIBE - FHEIC AT T2 B O BMEICONT
—BRAEZRAVWCBHMESw ST A—

(R AL =B Omf Wik W2k M Ex8 RE JIE—
(—H) Jesmdakfitr 2— ExB H)I E BERAEER IR BB Eilh fReE

(—®) et 27— 7xw— UK G HKERE ESE N A
(—8h) Jemdlaxiddfrtr 77— BB My @6 FHERN Es8 b 5
FPERA E=2E ®BR HE HARVATAUZTH ERE WA &R

1. EC®IC

UHE Py 3L THIC 31T 5000 2 05 U life 7 51L, B O, LS, MERSSOSH, Lk S
REMED THIE R MIFFCE 5. IUBAESCHE X 3O SHTIIZUN OBAE WA EERER & /2500, IV
HATGRVL Y RAT 4 VEOWE, FHNBISOBEEEERICE > T, e SNEBEEOEVITET 5. I
IZE s TERAVDH—SNRWES, AbVEKES Lot 2 L ICHBEOEE 28T 5 & ) iEnE L
5. ZOBREOMEL LT, TOOHREERLIZORAZIERL, SPHRERICARAZ SO EGERD Z &
T, BB LA VOBLEMIET S L BT,

2. UIPEROERERRE

(1) BEEBEICL2BEVEL

BE-1, 2, 3iER—HZBIBW T AT OREE— NEEZ
THRELZHOTH D, ZNBITEAEWELRBELFITIEH
B0, BEEROYIN AN B BVEER 2 W TR 2R IR

i : \ BE-1 BEE— EE-) BEE—
W2, T EAC TR EEBREAOAEWICELT 5. B Fnigwﬁﬁp

(2) BREICAVNSEBRA v
B-1 oA, &1, 2108 T AFRTERLZARAT
%, ZOBRAREZGPIORIGICEE LRET DL T, Bk
KEGATZOPEGEAEOND . GRARIZR-1 O X5 IR
571X Red, Blue, Green & HFEHMIEIZO0 THHE A, BHiL B o~
ZEBITREEREEIC LV AW BEET D20, BB EE BHE-3

mRE— -1 28RK

R:ERD4 k50
AL L7285 T hiviE Red ORFFMEDS 20 125 & B35 & R BT
ST ET D, ZORE . Wi RO Red OFFHEZ 51 & T %1 BRAOBES £ BEAOBES
T 250, WHEERIZH % Blue, Green OFEFEZ 5] & BT 2 i (RGB & 22) (CMYK %&22)
WAL 21T 5 = LT, RO ICHIE S, hmiEic |8 | Red | Blue | Green f8 | Cyan  Magenta | Yellow | Black
AN S g2/ 0 o0 0 | 93 88 89 80
ESBEVELEEMTE L. B | 255 | 255 | 255 B, 0 0 0 0

(3) BRADOKREFIE

B & @ ATy A it T 2 Fik L LT, g (BB
-4) \CH~IEEITH 2 & CHHRAZ R (BE-5) L, 7
L—2 =t (BEE-6) L7-PEaiE %R/ 110~5K K 2563 D
M c it (BE-T) +5Z & THEOAREZRETS. /
A RAEBRET D72 ORUIN TR ARG T DRI % )N T,
e 2175 . Honizimzlo 5 6, A 5000 7 &L
PLFD b DRI, fim2B D i e O PV 2170, U4
RO DL EGRALHEE LTS, BRHICHW 7 BEZE o
i, B ClRE SN EROTHZLICEE T 5l 2 K
b DO TH DI, MU0 B 285k L3 BED

AR BT D AREED B D EE‘G_i'{/t—X’T BE-7 —{Eft

F—U—FR JUE b, BIE, GRA, UINEE, fmEkit, Al
RS T112-0012 HE#ECHEERKE2 TH 15%F 65 (—/) w2 % — TEL03-3942-3991

BE-5 HU~HIE

JSCE [SRI3FEEIARZEEEARRE76MFERZMBES
© Japan Society of Civil Engineers -CS14-27 -



CS14-27 AHBEET AL LEKRSB7OEERLMBES

B LRI E» S BAROIECTRE I TS, A
SO TFTY A NZTH LT, EFWCEBESNZSATHLR
HAREE L7e. AR ARSEIRO P IGTILI A TH H R EHMD 72D, |
LT O3 %2 HSV ZH# L, B (Value) 7% 190 Kiili CdH
TR & LTV 5. G RARERO BICH Y35 4
30%MH Y O FE 4 HSV 54 L, @ (Hue) 778 90 28z T
VB, EURS OISR & I DR O D 250 KTl e S £ Fed B G

AULBRAAN 5. BfHY oW & BHY omFEOEBIZIE, 6@ B | 242 242 | 242 B | 255 | 255 | 255
RASEN A 3 %5 LT A RPH O e 2 -, SB-8 WER EH-9 BE%
(4) BEFIR

(3) TRLUEFIEIZHE> TRIHLEZGRAOA L ROBEFRZHWT, BESEOCHEHIETS. il L TEE
-8 ITBIT B RAD BERSS OFETHEIL Red: 75, Blue:66, Green:67 Thb. EFRTIIEWHE L0 THHNE L2
A Red ZIFNREH L TEY, BIEMICRARDNSTZFEIZR> TS, BHEOEI G0V LD K 5 Red 2
L7=BE-9 OEH /71T Red: 67, Green: 66, Blue: 67 Th 5. FHIERNIIRAD D> TN 272D, FHXTHIZHI ERZ X
IR, BRI H 2KAFVITE L DA, BHREOMmY 2R 7e< 720 MIAZEIZ X 208 (b2 iz b
BE G DTS, B RAD B Of#E CEE ORI S (RS 128 Ki) Z#IEL, GRAD ALY
DOEFE CTEGE RO D WS (FEFHE 128 LLE) Z2#iET 252 & ¢, BFs U-ARRGHEE 2D, Fok
DRI DBRATH-TH, AEBIHEYT IEFE LR CEEAHEDOFIEIBETHD.

W T2 X0 BERIZEHZ 2 SE7zmfgicxt LCh, A UFE Tzl U miEfs R 25 5 iz f)
EBEE-10~15 1277, ZOFTIEERMIC 10 BOERARZHNTWED, fEICHEH Lol khon s S
HyOHTHY, Wb ARG ~HIETE .

Red | Blue | Green

Red | Blue | Green

L

BE-10 #H1E BE-11 #E#® BEE-12 #1E
(5) BHEDWHITLELIRR

BE-1613, BRAKCEEROENELR > TS, RVENE
RARICER 56, B-2 O LI LZEREICAEMpENIEL
RIBENTERRORTKRKT 2560 H 5. AFHEICE
LT, BOERYZHRIT TRETDZENHEE L.

H-2 EE-16 DBEREXK

SH-17,18 LRVIA G RACR B L B OmE S TRaCEREL  marmmTmCmsC
W#antﬁé “fEfELizt®

SN T & TEEARIICKIT 281 THL. T bOXR
ELTE, BEDT A 0 AV EEEE L L — 3 Y
A, WA ORY ULy v — e HOTRESZ~ A :
FUUTHFUENES DD, NERHP IR fn 5 2 b S
T, WO X 5 HEBERS IS TE 5. '

%

o EH-18SHEITOBR
SETRLER  REHEEmALELO
N c — ] <
3. &0 ARV SN -EI1R
AR OENPORLERAREMND Z LT, MEICHWEI ATV X7 0 V2 OME, SNBSS O BREE 2K
XD BBDOMENRARTH L Z &2l Tz, 4k, AMIEICXVRY 2MA-mgz v, BEYEEES

WEIXED P O, BEMEE 2 W27 — 2 OFFENSRHE O, HHE b > 2 v O UIPgigs - §EmsLE om -

HROTITEENEERD.
7k, AW, EH LAO@ A BB IR R B A NS (— ) Sehimiiak i o & — A HRFZER S O R O
—HTHD.

JSCE [SRI3FEEIARZEEEARRE76MFERZMBES
© Japan Society of Civil Engineers -CS14-27 -



JSCE BR3FELAZREERSH76MIFRZMBRS

[Ty Y3 Y] TANFICE BAIOER
TARPDEFICHTS AIDIER (4)

20215989H(K) 14:40 ~ 16:00 CS-6 (Room47)

[CS14-28] AlZ5ER LTz b Y RIVEIP DS & AE S5 FRIZERICK D
KERLEICRAT 2HRHAR®
— AlZFR L RUPMETMOZE Y X7 LOTO NI 17
LT —
Research and development on geological evaluation and
prediction of rock falling of tunnel faces by Al
-Part 4: Prototype of Al-based support system for
geological evaluation of tunnel faces

*B R (1. BAY 2T LY I THRRA)

*Takanori Nomura' (1. NIPPON SYSTEMWARE CO.,LTD.)
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artificial intelligence, Deep Learning, Machine Learning

AMREF. AlZFERLRZ MY RIVDPOMETHHENE S FRIREBIC L3 XKEBILEZENE UT. EMRKMED
BEIC L B3P OEHERLNINCROBIE. UIIBEOFFM. NSESREDIMEEND T — I EZDH U IEBRERF
ZT. AICEBIEB3ETHERSD (MEBEXT vF) O, BEINB0EEOHE. B ZE0 % BET
BRI 3PMEBETFMZE Y X TLOTORNI A TEBRIBZENTH B,

ONBHAMEALTARER



CS14-28 SHEE A2 LEALE76EERLHHES

Al Z1EH LT b R AGIP OB & L% D FRIKERIC & 5 KEBGIEICEE 5 S F 7B RO
—Al ZTERA LI PHEFMEIE S R T 2D T v M F A FIZoONT—

HARY AT LU X7 E2E O &t () eimdskiifits % — =8 H)Il E
(—) w2 — 7x=nm— WA Rk (RO Y —  ERE M R
2R - M Trxu— K HT  BEEEH =8 =g R
KRR R E£B NG WS PR Txu— HiE Uk
HWHERF E=B B BRSO o L2 Y R E2E =K K
1. FLoIc ) -1 YIRREREOH
S B 1L, AT BT & BHELIREET A 5 I R R A0 ——
fiseE s A7 DEHEE LTS O, ARTIE, —HOBRMEREE o [0 e [
A THER L7 OSBRI O XA S AT LD T 0 b2 A THIFEIC [ | e e [ ]
DU "Ciﬁg %%&%’ﬁ_ E) o Z; I'F:Ed;;'z 2.1m>d=20cm  |3.20cm > 6= 5cm :;2:;;”; S B I I
FrE e asmicmn  [3E0 e
2 " DX;Ao)mg ;ﬁ: jj simt loan BER, KK, ii:i%mw\ sl =
AL AT A, WIEEG LD AL B2 HOCE LIRS L hom s e T
ﬁgg&:gﬂﬁ@%‘?ﬂﬁjﬁi E % E @]f%tﬁj—é A 51 N -C\&) 50 ﬁfﬂ:\ z;fz 1AL LT KB o,

BEULZE ., B H OBEE, B HOFREIZ O WO a N Z A F x

AT ARGER LTE D | MERHEEH 28 LT\ 5, £7-, HUE IFE _ omtintes
C@N Plaix)
24y Fh BEITIER T %3 27 AOBEIZ IR ATV, [ L
2-1. #HMBERS (MBERYvF) O “J I (e

P(z,2") Objective

HEEIX 4y 0 S 1. BKHi 2 LEE T % TIC2) (Invariant [ﬁ
Information Clustering) ZfFH L TW\5, IICHO7 /LT Y X LT

e Bl O x b X DT b B b R A LT S
LSBT T AE LTS, 7 T AR ST
A R EITD T b AR B T LA TE, 25 GiciE L

7z, 1IC OFFBITEOEIF-CFN B FEOBUfA RS E 7 7 A0MT 5 2
ERTEHZETHD, 2 (THBEHMZ RN REREZ L7250 T
oY MR EAF & ESIC
BiF%ADED & T0%L

x-2 HERX5S O

N i HAERE BEM | O:BhRE | A-BANCRH BN
J:o):\[@/ﬁ\ﬁiﬁ E)j/bf:o _2 RS ; 115 53 kil I 3
I 11C DHEREBRERT . Bit-2BE5E 7 30 30 12
HRESEOHBEITC OV wEss EXEE 5 | 4
TlE, £ERER S 5,
2-2.  Elh B O5EE O
FlA A OB OFMIL, Canny {EIZX VY =y UHH L, ZORK%E E-2 1I1C D#HERER

FEROEFH OB E MBS E DRI IC & D FiEA TR Lz, Canny & EIXBIERO /A XHI - B2
BLOBH « MR OIH 21T 5 Z & Ty PR 21T 5 FETH 2, ABNTYRH LoE R O & 2 f& & 5

F—U—F [H{E hroxob, AL URPEG, WEE . migOET
HRESE T112-0012 HE#E U KE2 TH 15%6 5 (—/M) Jfeimaddiiit o % — TEL03-3942-3991

JSCE [SR3FEEIARZEEEARRE76MFERZMBES
© Japan Society of Civil Engineers -CS14-28 -



CS14-28 SHEE A2 LEALE76EERLHHES

BROKYY, v VR ET- TR OENHBEZHELTASN =

Fe g b Ui, EEHERMEIC L o> TANEROBEENOEILE O “

W 2 S0 U AT L7 2 7 — & 4 B — & & LRI & %m y = 3.53x
BFMEAT 510 ANTF—Z o0 T, EHHO® 2 EHOHET M a

) - 7= FEEG 19 K2 Uiz, SUBER O % B-3 15T, a sfffﬁf”*ff
ZOREF, EHOBE (B 11 () =3.53XBEOHHK(K) & 72 %Jﬂik”‘ P—|
STz, K-4 1 TUIR g OH), [X-5 1XFF H OBEEE O fEPTHRE S & G AR e O

T b, K, FH. EEOEREENES NS0, LY ET I

T ) EEEOB AN & OFEAVE S @O Ol S vz,

2-3. BRILZEEOHE

FULEE OFHMIIEL K-means (2K 57 T A2 Y 7 A Xigadfbic X 5
TGV FEE LT Lz, K-means (252 6N -TF— X 2EED
7T RGN T, 7T AZDOELERIR LIctk, 7 T A X OFBLE AT
VAT T, MOVIBETZ LWL TT—HHEEOED 7 7 A4
THFETH L. AROBAEMEO 7 L ENT 7 T 25 5% 10
ETHZET ANT—=H2ITxT 5 FN2 RGB OF — 2 2 HEET 5 L9
B BT o T, N b L1387 A= BROTED 1 >TH Y,
R ZEHHEHND Z & TESNFRRRT A —FRENARRE 2D FIETH
%o AEOEE, K-means TEZ B 10 7 T AT LIZT —4 &
MV BEPI S K 2 el S 0N il & 72 D K D TR T A= HHEE R AT o T, B

i — 2 1k, A AL Kb U7 BB 2 BRI 78 K, T MDY Fa | 7% | GR
FICE V., FH. K, AHORSCHIM L7 b0 ALz, B-6 1% e
BULS T OMHTRER Tlo %, BULZTE O IEA 3 b Holis S L 7% = B
L D3RR STz, 0% 1% ]

4 4 4
3. EED

SRIOT v A T OBRFE TR, SR ORI B RO ER KA
B, TN LIZEBITTE L7 Tx840 L L, I E O R WERO A
EBBIT D Z L TRHMB A T o 7223, BEIOR 1 IR T i St - 7o i
BTNV OBE 2L 0BG EICIE D O E RN A LI, EERICH I
BOMENRRKELEZEL WD, o, HEKXS, BULEBEICHOWTITE
WCEASNDTO, ATUREELL WL ) ERARCEMENEE LD,

Fio, BLH OBEIZOW X G OMMGE N EE R TR 2 L D70,
iR (800 L EOMERE) NEE LUy,

SHOBERE LT, 72 HBE2HEOT L TRMOT A M T —F 1Tt

FHIAEN A SO T, FEROM L2 HIET & L b, Mo HE X B-6 BLEROBITRR
OV T OB EHED 2 T ETH D,
B £k

1) HIES : AT Z3EH L7z b2 m AU O UG FEN & LS D TRISCEE I KX 2 KEFEHIRIZBET 27880, @
2021 F EARF AWM RGER WS (BT
2) Xu Ji, Jodo F.Henriques, Andrea Vedaidi: Invariant Information Clustering for Unsupervised Image

Classification and Segmentation, arXiv preprint arXiv:1807.06653v4 [cs.CV]) 22 Aug 2019.

JSCE [SR3FEEIARZEEEARRE76MFERZMBES
© Japan Society of Civil Engineers -CS14-28 -



JSCE BR3FELAZREERSH76MIFRZMBRS

[Ty Y3 Y] TANFICE BAIOER
TARPDEFICHTS AIDIER (4)

20215989H(K) 14:40 ~ 16:00 CS-6 (Room47)

[CS14-29] Al=5&RA U e b Y RIVEIBI DBl E A58 5 FRIZIECL D

KB ICET 2MERAEG® — I PEEDL S HE S FRIDHE
FT—=H(CDLT—
Research and development on geological evaluation and
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photographs
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KB ICEAT 2MERAEG® — AL BAES FRIKEY X
TLOTORIAFEDVNT—
Research and development on geological evaluation and
prediction of rock falling of tunnel faces by Al -Part 6:
Prototype of Al-based support system for rock falling
prediction at tunnel faces
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BE® (1. GREREMTY S — 2. WEKRE. 3. () - B, 4. BEER (B) . 5. BKER (%) . 6

FHEH () . 7. BBt IV o)Ly VY (K) « 8. BAYRXFTLDIT (#) )

*Kazuhiko Murai', Tadashi Yoshikawa', Takuji Yamamoto', Shinri Sone?, Masayuki SuZuki®, Suguru

Shirasagi®, Hidesato Kojima®, Takashi Sugiyama®, Shigeru Miki’, Takanori Nomura® (1. Advanced

Construction Technology Center, 2. Toyo University, 3. HAZAMA ANDO CORPORATION, 4. KAJIMA

CORPORATION, 5. SHIMUZU CORPORATION, 6. TODA CORPORATION, 7. kiso-jiban Consultants Co.,Ltd.,

8. NIPPON SYSTEMWARE CO.,LTD.)

F=O—F 1 LELYRIL. IES TR IPEKR. FEFE. BERDEFE. HROAUBRGRL

mountain tunnels, rock falling prediction, tunnel faces, deep learning, image classification
technology, visualized verification

S, IARDHFCSVTE. AIEMOEREFALNRENICIEZIDODOHE, COLSHFRRERTX. FES

(F W b Y RIS Al BRT 2 —EOMEREEREL TV, ARTIE. BE AIKMOD S 5BEED BN Z
AWTBELZILE Y RIVIPCSFBINEEEZFATEIIXTLOTAONI A FICDOVNT, ZOBRBEERS
I3,

In recent years, the number of cases of using Al technology is highly increasing in the civil engineering
field as well. Based on this situation, the authors are conducting a series of research to apply Al
technology to mountain tunnels. In this paper, we will report the outline of the prototype of the system
for predicting rock falling in the mountain tunnel faces by using the image classification technology
among various Al technologies.
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Research and development on geological evaluation and
prediction of rock falling of tunnel faces by Al
-Part 8: Present status of rock falling accidents and
countermeasures, and Al-based system for rock falling
prediction
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mountain tunnel, rock falling, artificial inteligence, geological evaluation, rock falling
accidents
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Study on the striking sound in the Al judgment system of
the mountains tunnel
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ACTEC, 3. Ando Hazama, 4. Kajima, 5. Shimizu, 6. Toda, 7. Nippon systemware, 8. Sohga)

F—O—F AL WELYRIL, BERH. UP. Z21—-3IRv T

Al, mountains tunnel , sound recognision, working face, neural network

FESBEUE Y RIVOIPCET BHEREY X T LOBARICATBZIHAMRRZITo>TVS, AREDHE
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MNSWERNE Al OFERICEET 3MRZHROICITE>TEZ, LHL Al OFREEGLECEEEXST
RRGDBFOMAHNEEINS,. ABICESVWTIEXZOPROFERH Al DEADHBAICDOVWTHRAZTSEDTH
Do

The writers perform collaborative investigation about the development of the judgment support system
about the face of the mountains tunnel. In this collaborative investigation, | performed it mainly on
development about the inflection of the image processing Al very likely to be the comparative practical
use. However, the inflection of the Al does not remain for image processing, and the use of various fields
is assumed. | explain a direction of the inflection of the speech recognition Al of this inside in this
report.
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