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Abstract

In domestic tunnels, it is mandatory to install CCTVs in tunnels longer than 200 m
which are also recommended by installation of a CCTV-based automatic accident
detection system. In general, the CCTVs in the tunnel are installed at a low height as
well as near by the moving vehicles due to the spatial limitation of tunnel structure, so
a severe perspective effect takes place in the distance of installed CCTV and moving
vehicles. Because of this effect, conventional CCTV-based accident detection systems
in tunnel are known in general to be very hard to achieve the performance in detection
of unexpected accidents such as stop or reversely moving vehicles, person on the road
and fires, especially far from 100 m. Therefore, in this study, the region of interest is set
up and a new concept of inverse perspective transformation technique is introduced.
Since moving vehicles in the transformed image is enlarged proportionally to the
distance from CCTYV, it is possible to achieve consistency in object detection and
identification of actual speed of moving vehicles in distance. To show this aspect, two
datasets in the same conditions are composed with the original and the transformed
images of CCTV in tunnel, respectively. A comparison of variation of appearance

Journal of Korean Tunnelling and Underground Space Association

247



Kyu Beom Lee - Hyu-Soung Shin

speed and size of moving vehicles in distance are made. Then, the performances of the object detection in distance are
compared with respect to the both trained deep-learning models. As a result, the model case with the transformed
images are able to achieve consistent performance in object and accident detections in distance even by 200 m.

Keywords: Tunnel CCTV-based accident detection system, Inverse perspective transform, Perspective, Trans-
formed image, Deep learning
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g S 7P Al A3 el §le ool mh CCTV F/dell Hol= o Eata-e Aol w5415 ¢

T Hb“i e, 2 ik T 2o AXJH CCTVE -sAHE Alefe] glo B = CCTVE =7 A2 4= 3L
ol=d| -Fre]ohH, =Ujof| A LHF = ol 2| CCTVE #4> 15 m oM =00l CCTV
AEKMOLIT, 2010).
ZFAleke = Qlsf B'd CCTV O] AA] o7k P ofof w2t B'd CCTV 97827
ToF fARIR B2 A do] Aot AAR 771=0] 767 =Edel TRt Hot =o]
FEE W CCTV F4: 4] &0l=3.5 m ofde| & A4t k2o tigt CCTV AA] o]k
It Gyeonggi Province, 2022).
ol t-85te] 7 E Fd-FaAI ARl B U A2 928 Al B'd U CCTVeFH
2SS /17] A5 0] @4 5] Holiitt wieha] iR w-sFolA B GAARAIAIA
%, B'd CCTVe H A5 oA FERIAAR 17] Adss FH 4 ql7] whizofl 5 Y]
78S 7% CCTV A22]7F4 91 200~400 mH T 2100 m oW Q] 7HA 0 &2 A 2|51 1F
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o
d
e
rl
rel
O>~
ok 9 HJ\O
N ml

_0|L
>
)
o,
e
ri

2,
X
o
fr
o,
e
fnr

o
o>"

_FIL

)

N
[«)
=
Y, B
o
=

pa g
o

Jo
ek

o

e
i)
qo o

)

ml

o =
Nk

o
N
o L
> -lE
b=)

e
N

o] 4

o)
A
H
<
lo
iod

2
32

Bl A 2" IR T o] A 8= |14 Ao th(Shin et al., 2017b). SEAITE 7] A
H AT AR Qs HE CCTVE=RE "ol A 2= 27171 943] 2fokA]H 2914 s
I @Z5] A tH(Tong et al., 2020). o= 240 & BE FIFIALR | JIAE sHfe= ofojiint

(Pflugfelder et al., 2005).
o] BAIE ZE317] 915 Min 5(Min et al., 2019)2 E]'d H CCTV F3-S V=2 AFA| A Hazte
A4 5= T Q75 s eH, 71E A4 Ldare]E tiv] Hagate] igt 24|14
88%°1A] 90%2 2% A& SFAA]Z] Z1 o2 Hska) 9ict J8u TsAE GARS vl o 2 A0l A
&G, AAIRJDIA £ @A 5] = 7inh BE QA RIAIS R AERE AR QIS flsh ek
Uzt ke AAQ142 a6l g, Vs g G AR R AL e I 2484 =
oflA 2t jHo] obet,

T HE CCTVR S He & oIsl Bd Wi 2ol vidtsA Hhesta e, )14 5ol G2 mlA
7| k. o] BAIE sl125}17] Y3l Tsai 5(Tsai et al., 2016)= G/l A 2= BAK(Illumination compensation)=-
SOl B W 5‘35—4 FTF= 2oz Y= AIIRHHE QI o B3l 71 Bl'd CCTV F/dol= A4 &
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Fig. 1. Real coordinate system and image coordinate system in virtual tunnel model
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(a) Top-view image (b) Tunnel CCTV image

Fig. 2. Condition for setting a region of interest in the tunnel CCTV image
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Run inverse
perspective
transform

(@) Tunnel CCTV image that (b) Transformed image before crop
ROl was set Set square-shape Rol

Crop

(c) Transformed image before crop (d) Transformed image
that rectangle ROl was set

Fig. 3. The process of obtaining a transformed image

of o] wido] tisl A4 w02 Halgh the 22 7](Crop)yE XIs1] B2 Aol el Cas

o
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= = 1
B CCTV 4] 712491200 m. Aok gek, 1)1 2 Aol ok AL Fig. a2t 2o] 2413
el0= Y
SHATk(Shin et al., 2017a). 212|311 $2Hg/de]l siidshi= A@ 202 9] 2.34oA Aty ez 7] 4%

= i- O %]_ 3'1_']_-
Aol A S 1en] PHS 22 Th Fig. 4(b)2t Eol o dTHe Bl 22715 Z3ste] &2 992 got

™ Case 2.2 HH5}9ic}
1tk 7t Caseol] it glo[EIAlS FUS G4t 7HEo 2 HlolE7] o] Z =]t whabA] 2712] glo|eAl
2 FAI ARG et 5Lt A =5 7HA]H, Sh5-8- tl|o| Bl 228 Hlo|ElAl FLR I FUsHA| 215

shoch
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—| Case 1 I

h 4

crop

(a) case 1: cropped original image

—I Case 2 I

v

Find homography matrix

Crop

v

A 4

Run inverse perspective Labeling

transform |

(b) case 2: transformed image

Fig. 4. Experimental conditions divided according to the ROI set in the tunnel CCTV image

3.2 G LH 2OfR|= ZA|jof| Cist A de| S HE

3.1 20 9ISl W ] 1 e}

BH7] 5% (Appearance velocity) = G4 HAR| = S5 2 Aot YL@ o] At 72 AAl:
YA 1] S5 T 20 Tl ol |4 1 = Bol AR & Aaan S
shslolnl, 257] 255 A9 §AFSIA g 4 Ik

Fig. 5= 27| £5 Altsle= WS vEhd Zloloh 2H7] £ G4 pAolA At=, 5d o] +
Y AA 7 AN = 278, el = Fig. 59F 2ol yefolet. 2Fo] |2] ARFERI 02 712
= Fefdeko = 3o A= vehdnt. gk dellM = A FAlgke] kS dy, AKEAME di= o5t
AR &% VE TS A 3)TF o] vEhd 4= Qlrh A (3)ollM] 2HV] £E ofu|eh= Vol aels i/ 2w

vt G)

2 oM A FAYFR A% 60 km % FRYA 2T 2] AA] fxlof the 27| S0 |
k= Fig. 63 Qﬂ’r

Fig. 614 9297370 Case 1°M= Yol sk | izl B'd CCTVel EoldaE 2RV £7t 34
SHAl dashe Zﬂ% el 4= glom, AR Aol 100 m Bofid 23S Aubd w, 2jFe] BH7] £tz 0]
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TPHAAIE 78 HRlth oH Wghg g}l Case 20041 A IxIetgatglo] 719 At BHI] 8

Aoh= 7= Helth

e
ri

Fig. 5. Appearance velocity calculation process for a single vehicle object
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Fig. 6. Comparison of the appearance velocity of the single vehicle as the real position was changed
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Fig, 7 LS} WA 224010 A7) S1510] T A2 ZAle] 33} ole] Wizt Mofzch, 6
CCTVEO _4 Q1x]ol] Aol 2jeRe AL AHEANA 2%-0] ko2 HasiA ek Fig, 7)ol 2t
7} ol 42 0] Zo| G5}

AV ek TR Fig 7001 A Hﬂﬂ»

[U

e awu o7} B 1SIEb T, 2] A -150 m A4 YR ehe AR Ml
AN 0 2 A A EAY whot L mhs TR 7] F0 2 AJ3ko] HTE FEA0 2 Holn] Sof
4, *JLPrEi AR A G 9-E HlojubA Hot. PG Follxe g @ /g o2 lof olzfet @4 et
7] AEA]T Aol A= A 2] 3717} vl w A YASH A =B o] @4 gIg 4= Sl
400 200
—+— (Case 1 — —=—(Case 1
300 A Case 2 Z150 - Case 2
a 2
£200 £100 -
= T
.10_11 00 A E 50 1
is) =
O O T T T o O T T T |
0 -50 -100  -150 -200 0 -50 -100  -150 -200
Real position (z-axis, m) Real position (z-axis, m)
(a) Object width comparison (b) Object height comparison

Fig. 7. Comparison of the object width and height of the single vehicle as the real position was changed

3.3 P2 2014 DY SRS S5 2 AT HE

331708

2 =M BE L AAE ol AR Held AAQIA] ekl sl FofellA] EsEo| Tl Faster
R-CNN (Faster region-based convolutional neural network )= AF8-3'CHRen et al., 2015). Faster R-CNN L2 2]
T Flg 81+ 2o 2|9 (Image)S UE4to 2 Skt 11 o2 e 4175 Convolutional layer)]|
A EALE FE51H, EALE 7|HEo 2 S AQF A7 S (Region proposal network) ol 4] 2] G4t U 244
7t 9}—% Hat x| of| A HAMEIAZ ARFRIct. miA]alo 2 A7 7S (Neural network layer)< 542t A FH 74
AHIAEE v O 2 WA 9] S Object class) 2} A2t ZHAMENA X5 AAeich

SHH HESh= Held A1 HHElo] S @ 4= e ARSo W, AR G/dollA B4R e ATt =&

¥ EA T (Feature map) S A< = thLeCun et al., 1990; 2015; Zou et al., 2019). 974 EALO] sV =
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PeEto 2 A AR GdET o=, o] B4 o= I Held A4 A AFo] 27171 2F e
A|o] EAS H7]7] o]glen g 5k 1 2] At 0 2 o]tk Eggert et al., 2017). 0|2 EAL
A ARoNA Bd CCTV e Hol 4= Case 19] 2K 4| 2717} ZolAl= 21 7RF54-E w, Case 11| H

g o] 914 Ad5o] At ez Hojd Aolet e 4= itk HWOﬂ Case 2= ¥ 720l £Aok=
Alo] 2717t gfjE B, eid REo] Q1A A-50] Case 1 KT &5 2102 7|t 4= ik

=

rosk oy &
rE

& ond

Region
» proposal
network
Y
| Convolutional N Neural .| Bounding baox,
mage > > X
layer network layer Object class

Fig. 8. Simple structure of faster R-CNN

Z 70 5L 2ol ti5te] Case 13} Case 25 212} sl Hefd Rdlof| tishod
A Q1A A5 |3 Q] B AU & (Average precision, AP)2hH= X HE 53] H]J_J’_B]- ATHZhu, 2004). T3t Case
13} Case 22] 2|14 22486 L HEE Fofl 522 CCTVOA Y FAF-IAIARIS] /g1l 71
1ol sl ehaick, webd] 5 melo] oie APgl W B CCTVS) Ak ARt Aol net A8 2
olek

=)

/a._ Case 1 Case 2
Section 1 == Ss;gigg Ssgg;g
Section2 = SS;EE—,QE Sggyatggf
Section3 = Sg;gigtg S(?;Jt[;igtg
Section4 =9 Sg;;igf Sg;ig;f

Fig. 9. Criteria for dividing sections in one image
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olof wh2} Fig. 92} 20| El'd CCTVEHE Q] A2]7}200 m A3 51
47H-4 TFro = o Eole] 7 it Case'd APRY HI WS X3¥6IQiet. 2F 7P =2 2= A4S F-2st
© 71 A AR A0 y FAaghhy ZUigte] Bt 7o' TSk

EN
_ﬁ
:
o,
of,
18
il
oA
o,
oli
o,
B
o
wh
(]
B
)
iy
i

a2 22 A0l tiste] ol AR AL 2 AAMIAES vl o, F AAMEIATE A= ]
45 USk=1ToU (Intersection over Union)E 7|50 2 3 = AALS TH51 © H(Padilla et al., 2021) 2 =

Mo
=2,
X,
rr

%‘:L { /12 Jﬂ—%ﬂo}]:- O]—o]u]uqﬂ-o] 10] IOUJ }7 (Threshold) S.0.52 AA o]. 1;].

33349 x4

5 Case®ll izt G tlo]EA2 A7) ARt = Fdet /el sl 2733 Ui v Elo &5 X13)st

Fom 1 AE Table 1014 2RI 4= QJtt. Table 1914 5 Casets B G40 Zit 1x0]7} 242} 646, 3242

Sdslt}. ged dlo|EAle 5158 d|o|EAll(Train dataset) ™} 158 o] E]A(Test dataset) S 2 L5310

I lloE Al tigt HlF-2- A 7 715 242 8:29] Hlg= UrITh 2 =7ollA] F Case ] APRL Bl
H]

+ HS-8 Hlole Ao ARt Hlwg ey Zlo| v, -7t Fe2 -8 HloeAlet Hastairt.

Table 1. Deep learning dataset status for each case

Experiment case Dataset type Experiment section Number of images Number of car objects
Train - 421 1,387
Section 1 58 111
Section 2 55 87
Case 1 -
Test Section 3 63 83
Section 4 70 92
Total 106 373
Train - 421 1,387
Section 1 59 104
Section 2 63 91
Case 2 -
Test Section 3 62 83
Section 4 67 95
Total 106 373

el dlo] stolmuletn|e] 9] 749, S155-8(Learning rate)=0.0001, 32| G40l thet 2] 3.7](Batch size)
1, e:538)55(Epoch)+=100.0.2 4510 52 215iolitt. - AH5-2 50522 7% ResNet (Resi-
dual network)< AF8-5FthHe et al., 2016).
T2 AtV stELe] 2 AT Eo] 273> AMD RYZEN 1800X, NVIDIA GTX 1080TI 11GB AR
7H71 AFEI2} Python 3.7, Tensorflow 1.15.5 H{7 AT EQJo]2 oy Rdl o] 5k5-5 21363t
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3.3.4 49 A}
=70 AP A= Table 22} 2o 4710] 7710 2 Uo7 A58 dlo]EjAlle] et APZLO 2 H|w HES}
At F714 0 2 Hop AAAREEA-S Q5] Table 20014+ ZF CaseUtth AP SHE-S 7]&019H APH SHE

<=7} Section®|A] Section 13} H w512 o APglo] Arbd HAsAY S718IAEAE W& = LEhd.

Table 2. AP value result and the rate of change according to the inference by section of the deep learning model
for each case in the test dataset

Experiment case Category Section 1 Section 2 Section 3 Section 4
Case 1 AP value 0.9737 0.9153 0.8169 0.8595
Rate of change 0.00% -6.00% -16.10% -11.73%

Case 2 AP value 0.9369 0.9457 0.8971 0.9647
Rate of change 0.00% 0.94% -4.25% 2.97%

A Case 194= Section 12] AP7}0.97370 2 ¢ =2 ZF2 Ho|31 It} o= Z+-E Section|A] Case 2
HT}0.0368 2472 3], Y@ el o8l Bld cCTvel 717k 213l A7 a9 24| HolBz &
RSl thet J el HElo] Q14 Ad5o] 7Fe = tvhar wheked 4= Itk 171 Section 20714 Case 12] AP
ZH20.9153, Section 39141 0.8169, Section 4°1141=0.8595 2 7451t o]23t AkS SE R $H4I5HH
A B'E CCTVE} HoldpE AP7F A shelol= A& SRIg 4 ik & 29>

TR RS
% AA)5171 1] g vt ub kA 2 el g 2 1s) B cCTvel w AelA deld mele) 4
A

|1214] 450l HolAl= A o= ek
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