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Abstract

Most of deep learning model training was proceeded by supervised learning, which is
to train labeling data composed by inputs and corresponding outputs. Labeling data
was directly generated manually, so labeling accuracy of data is relatively high.
However, it requires heavy efforts in securing data because of cost and time.
Additionally, the main goal of supervised learning is to improve detection performance
for “True Positive’ data but not to reduce occurrence of ‘False Positive’ data. In this
paper, the occurrence of unpredictable ‘False Positive” appears by trained modes with
labeling data and ‘True Positive’ data in monitoring of deep learning-based CCTV
accident detection system, which is under operation at a tunnel monitoring center.
Those types of ‘False Positive’ to ‘fire’ or ‘person’ objects were frequently taking
place for lights of working vehicle, reflecting sunlight at tunnel entrance, long black
feature which occurs to the part of lane or car, etc. To solve this problem, a deep
learning model was developed by simultaneously training the ‘False Positive’ data
generated in the field and the labeling data. As a result, in comparison with the model
that was trained only by the existing labeling data, the re-inference performance with
respect to the labeling data was improved. In addition, re-inference of the ‘False
Positive’ data shows that the number of ‘False Positive’ for the persons were more
reduced in case of training model including many ‘False Positive’ data. By training of
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the ‘False Positive’ data, the capability of field application of the deep learning model was improved automatically.

Keywords: False Positive data, Labeling data, Deep learning-based CCTV incident detection system, Deep
learning model training including False Positive data
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Table 1. 4 kinds of prediction result for testing data

Category Predicted as Positive Predicted as Negative
Positive True Positive (TP) False Negative (FN)
Negative False Positive (FP) True Negative (TN)

Table 197141 i (positive)& 141 T ﬂxﬂ ©H(negativey2 o] ohd AAE ellale], g Al
A 78-F-oll= A=A (true positive), AH = QA= @HY 78 L= A](false positive)of| SHEE.

QS A Q14lshA 5 A (true neganve)Ob_, Qo diSatoletl AAR Heelw nlEA(false
negative)°] ST, ThE0] Gelid 7|5k ALl FeA S Hrfslsli QRx|or vlgAE ol WaFe
2 BEEES AR Hekz|o] ARl Q1A Brlek= @S (recall), FEA 2] A9 Q145G Hrlsl=
BB (precision) S ©1-&l Bt U r(average precision) §k0.= BotH A E, AR ot Pt A e= 2t
ZFAL (1), A (2), A1 (3)2F o] Hehd 4= 9Ath(Zhu, 2004).

TP
Recall= m (1)
.. TP
Precision= TPt PP 2
Average Precision= fPrecision(Recall)dRecall 3)
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P SIS} M) A A S T ekotek Hae 20 10007, 31251 200-400)
SRA L HPgstT QI9Lom], SPks 2 12074, 510l 0-407H0] SR LIS It STt aizte] o
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Fig. 1. ‘False Positive’ report for person and fire objects during 55 days after installing deep learning-based CCTV
accident detection system

A} AR Al A Aj AR ke 2718 7T gl o], Al A% ARS Bl Al
Ao B BTSSR Apo] AN S Shelst] S1e) A 9o Lho A st xjeF o] 2
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ofgliz mg50] CCTVElA HHIc ofefsh AR o 57K A @AIRIL 517(Kim etal., 2012), Bzt
AR|et A} A 0] FRALC 2 Q8] AukAe) Heid melo) sio 2t el mle] Ao TgiAnt 2t
A RS T3] 417) ke B UjellA] S HIAIE 4 Qs Qe 2 el ofg S A 4
QIck 2, SRl F AR T CCTVeH 2 Sh) A410] Z7) 2 Apepe] 2712 2 4 9lom], Arfsh 2
ofLF CCTV 1l 2A] A} A8 A 2 37] whol Afeet F-RH, Jejh2eitere] Ag5olt o
g Il MRS L0 2 ol SRR 9918 4 91O, Fig, 21l
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Fig. 2. ‘False Positive’ samples occurred by deep learning-based accident detection system in tunnel monitoring

Fig. 2= Helid 7] B CCTV @Ak Al2glel ¥Alet sh 2 maiapt o)) sigtolet. s 717
o] 749, AgiRIaFe] 5ol 5 oA Ml WA eI Q7oA Tl £ Siglo] sile] uhils]
of WA ML= o] sP2 Qs Slck. el BaAR X ARle] 7S R0 Ho] gl U 9
A SIQF AHLS BAAE QAL QJoirk. o] Bl Hefd mlo] shsel ALgAH ]2 HolEoh uli
sloe v 1 991 ek 4 9k

Fig. 32 Shjet At dhste] elol2e) Holeiot 05 dlole] A= nlmsisirt. 2t Axdare] A4
Q1 I B #0122 HlolEoh 6] lo]d Afole] xo|Ho] EAIGCH 21 & 4+ Slek. et A
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o) AAMARHE T Wl s} §AVo] ZAfale, iA1e] 7S Alaiete] A5t A s Gl Al
Arsie}, walA A iE A 2 2] AL-g T AR maiAie e 1 gete) $Ae e e
welo] $3a) Rt A74eH4 9he TG As ook waha] Hald mele] gt 71 o] 2] dlo]
o] S0 2 Bl o] AU WA 0] tiH7} 417 el

Category True Positive False Positive

Fire

Person

Fig. 3. Similarity between ‘True Positive’ and ‘False Positive’ samples for fire and person objects
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482 2501 10 Il HeIelol A 45 2 elollel e 2141 4
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3.1 tle{d Dailo| QEIR| mEH SkAH!

I-H-I
2 1= Roll AlRtels Pl melo] o B shau S Fig 49t 28 At AalEn, e PANE]
A7]E)0] gk Pl 715k CCTV G461 Al2ele] mUe e 7ol shelsl Q€] Hlojele] shul 7]
ek

Deep Import
learning deep

model learning
training/ model to

verify testbed

Collect
FP data
from
testbed

Add FP
data as
Negative

Labeled
data

Deep
Labeled learning
data + model

Import
Collect
deep FP data Add FP

learning from data as
model to Negative

Negative training/

data verificati testbed testbed

on

Fig. 4. Deep learning training process including False Positive data
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A EE T dol 218521 Held RS WA ol 1S HhEsto] R FA] Hlo|HE 716
of SlFAIAE Held LHho] @F7] o] AR 47 glo] AbE o= AEH, glolET HlolE o] A
EQHA] (2)0lM LE A9 ATt Hast s 27 A5l Abs R EE BE 7 4 Atk
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3.2 E2id BH 45 T}
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Hlazsto] Poitd o] AR|QIA A oI A1 Also] ok dlolel vlole o] AFE ATt

o i S | —
SEZ] Hlolgl 14 A4 e Hlaste] Hafd o] @] et ek e] dardS Wi Zlot:

3.2.1 ZlolE9F 2 oEA] HdolH ¥

Held meo] shgel ARget ellolEd 9 Q|| Hlo]E| 9] @32 Table 22} 2T}, AA~DD Hlo[EAlE 5
50 glo| 2 Tlofelo]H, - 70,91472] Jx] G dollA 441,670710] A=t 49721 71] H g, 857709
S A 7F AR Held Elo] skt A= A, Bagtet iAol 1, 2 e dofA] e Fldoln

= glo] 5 llofefol| A =k | ] a7t 7P gk T ohe: BegRtet sk oAl 2 A7 ], Shf o] 214

F7H A2 21 ARk o2 2 Bl oA s F ek A9 EEm sheh wE fare o) ghE ot
7] ¢47] wiizolch. ol2fgt o= Qlof SHA A o] thel/do] olzl= BAIRS ot HaEfd Bk kg
Table 2014 L EA] Hlo|B= @828 @A AHs-C= =E% Q& tlo[8E 2n|shH, FP data 1-> SH] &
H219] 7ot B} QR0 Tt 1 20] HIEE S E] 1 FP data 2+= R 82} Q2] Hjo]E] 7} 2|ufjH o]},
FP data 1-2 3P| Q&2]9F B2} QA5 Al A Eh= 8HE HESE] 9ol /3% tlo|E|o] 1, FP data
2= B Q| o] A3t At HEES 52 0 2 stof /4 H ool o] ZA A A2 dlolEH Tlo]
Elol|A] S A7} AolA deld BEg 289t @gollA] Wsk= skl Q'] 9] o] TeeetE =2 S
Q| 9] 2A7ho] -golor| wiZole}. Rt o5 vlo[elolA 3 @EAIE H'E Yl 74EF, A= 9vF,
2 xpFe] g 5o ELS S QA2 A olol ¢l 0 U2 FP data 19114 SHA] QEA] 2 Ao H ZiA] glo]E
691715 HE3tSEL FP data 20 41i= 22 7]9F 3| Iet. §FH Bz} 0 ex]o] -9, o] wk2 Q&) 27a
T2 5015}17] $15}0] FP data 19141 135771, FP data 20141%=79997112] B 3§z} Q&t2] tlo|elS okt

Table 2. Composition of labeling data and ‘False Positive’ data

Data category ann:;ers()f Car Person Fire False fire False person
AA 38831 219292 26612 0 181984 0
BB 873 0 0 857 713 0
cC 7471 52296 9042 0 1751 0
DD 23739 175138 11487 0 0 0
FP data 1 2041 0 0 0 691 1357
FP data 2 8007 0 0 0 22 7999

322 9o el e ools) 74 @ ok
A7) Table 20141 A3t o}2:2) Hlolelo} 98] Hlolelg vleko 2 shol AH8-E HlolEle sk
‘11, %1_—1‘01] E}E]'Table 3:”]’ QO] 37H94 “ﬁ’ﬁéf’_ﬁ ]4'1—‘,‘—%\']1:]‘ Table 301]/\1 Model 1% Eﬂo]_‘;‘z%‘l ‘:ﬂohﬂ‘:‘} 0]__/5_0}‘1]’
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Q7] o & F7}5ke] §H5% Model 2, Model 32 B w5H7] §J5l sk&% o]t Model 2= FP data 1 2
o

g7 dlolEAS Fletglon, S QERo} Halxt QEA1E Shilo] Ashe kS AR it 2L

7k nkx]ako 2 Model 3-& Model 2 2T SH4161 B8z} @ EFz] o] 2|7k gyt AES 5] FP data 17} FP data 2

=
£ 3715101 Sirg Wegeet

Table 3. Training dataset models

Model name Including dataset
Model 1 Labeled dataset
Model 2 Labeled dataset + FP data 1
Model 3 Labeled dataset + FP data 1+ FP data 2

==

ol2fet Rl 25 7|NEo 2 5o Table 49t g2 Hef'd Ll ohs 210 2 shao Adeitt. Hefd e
O]A

214] Holof|A] ga] 240]31 Q1= Faster R-CNN (Regional Convolutional Neural Network)< AF&-

Table 4. Training condition of a deep learning algorithm

Deep learning model Faster R-CNN
GPU NVIDIA GTX 1070 8 GB
0S Linuxmint 18.3
Epoch 10

Feiid L] BoHe ol2e dlojele] ek AR, Halxt oA HlolE o] oAl iy, Held md @y
2% 57 9=k dlojele] AlgS slelgic). 2o e lolels ApEEslo] 71 ]2 glo

5 Model 17} | wale] xla, S, WA} AR|14] teto] GHeIQlizn] v mBslE ZIasie), R Oxtx
dlojelo] 29, Held malo] sio] AL Bk Oxh] Aol mHE Bt OxkA| o] ARH s B lele,

Model 201 AR8-RF 1 382} @ €F2] H|o|E|2F Model 301 AF8-RH 342} Q&2] Hlo|B| S wh F71jtet. ShAf o5
A 2] 787, Model 25 &7l 4-87t 7l RUYE| 5] S QER7F AAE A=A 213 Seleltt.

—_

B o

A

3.2.3 #lolE7 dHolH o tigt A+ %7t
ZF e Hof mhE o= dlolE ol it A2 A= Fig. 59k 2t
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0.5 4

Average precision(AP)

car person fire
Object category

| =Model1 =Model2 =Model3 |

Fig. 5. Test results of deep learning models

Fig. 50141 21} 2 33210] 73-9, Model 137} H] 3} Model 29} Model 3] Z84|¢14] Ai5-0] &] Hojit Av=
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QE7) 0] 23 se o] LT & 2 Qlrk 7 H, 2 o] Z4A|Q14 5212 0.99] APZLSE Model 1, Model 2
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Table 5. The number of ‘False Positives’ resulted in site from trained models with ‘False Positive’ data

Number of detected persons as FP
Target model - -
1357 Negative examples 9358 Negative examples
Model 2 329 3270
Model 3 34 466
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2 13577112] B3z} QEFA]of thale] 23t 742, Model 22] 329712} H] w51e] Model 3-2 3477 Q&h=] 7}
AYoodet. 12111 9358712] Hagat Q€S 27t A1}, Model 2+=3270712] 32} Q€2 S YA F o,
Model 3->4667112] H a2} @ 2|t TAYsI). E2F4] 0 2 kP Model 2+ 52 T H a2t Q&4 b
OJE]2] 24%, 35%°] Hl-&= H At QHRIE WYAIZA]TE, Model 3-22.5%, 5%2] H-&7t Bz} QA&
YA ZIt. wEbA Model 25 o B2 W82} @ & Hlo|el & F76to] 81537t Model 3] B2} Q€12 9] 217F
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Fig. 6. ‘False Positive’ report for fire objects during 97 days after installing deep learning-based CCTV accident
detection system
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