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1.3 Definitions, Acronyms, and Abbreviations

80 89|
SRS Software Requirement Specification, 2 AtaHAfl A
R-CNN Regions with Convolution Neural Network

Faster R-CNN | 7|&2| R-CNNTZE A EIHA| selective searche M ASt2 RPNS &

SiM RolE AMStE EHEE 7l

Bounding Box | selective searchE &3l &= =29 K= 2HESH7| 20 ds2

Regression O 22|7] fl8h H2o fIXE n¥F= AS L
Rol Region of Interest
RPN Region Proposal Networks, O|O|X|E €& &Hop AtZtd HEHQ| Object
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GUI Graphic User Interface, AF&At7F HE|SHA ALY = JAEF
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Object AN A=, AM2te TEE= 20| HAr4E(Bounding Box)2 1E{F1
detection O AM7t ALK 275t= AS LOHLL
DESC Description
DEP Dependency

# 1. Definitions, Acronyms, and Abbreviations

14 References
IEEE Std. 830-1998
Rich feature hierarchies for accurate object detection and semantic segmentation

Faster R-CNN: Towards Real-Time Object Detection with Region Proposal Networks
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2. Overall Description

2.1 Product perspective

Computer Server

Image processing

— CNN&RPN
Camera O: @/
raw image traffic image
Classify region-based features
Traffic management :

B % Ohjzc;wunﬁng
Screen ——_*©—r—4—’ _______@t_‘_r_r_

traffic data data transfer

Figure 1. Component Diagram
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2.2.2 Bounding Box Regression

et

X2l bounding box EfX|%l

ZH
Ay

=
=

ZHH| classification

S
=

2.2.3 O|O|X]|

e
=

o[gx|

EXtE, AME, FEXAE 374X|O[L

Ao FRE L

el

%0

224 H|2| i3 counting

ohEt.

ofgjX|of M 27 2t 4K 7H+E count

count®t ZiXl= (AN BF, M=)

ol

ju

o
10l

bl

2261 7|

o=

£ OILte| AfO|2Z &

B CHAl 7{Z o 7HX|



of AZ

o

K& Ar-sitet 2

AI-%!-

3) tSXIE 7|2z o
o

2262 02|

4

ol
ul

B~

<
i

-_-—

h

ulo
fof

=

oF

<0

ojn
<

0

ES

User characteristics
2.3.1 User Class(stakeholders)
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Constraints
2.4.1 Regulatory policies

2.4

T

—_

jod

K4

b},

—

o
o

tof OF

wX2ol Ao FX|SHK{OF St, 00| WXAt=0f Ao YREte

[N,

<

i
oF

=

<
ol
&

1oi
oF

A

b,

—

.
o

tof OF

.
o

WXtz ol HHOM FX|

x

[m]

tH

C
—

=0 et

<d

b

od

Ct

=]

24.1.2

o3
e

-,

Jorl
ud
Jol0
mjn

ud
100
1

10

ujo

Ol_l- E| _T|_I

—

SHAM=

Xt
S



Of StLf.

() HM MT 5. 28X}

ojn
rir
Olot

TEEE SojM= oL L.

2.4.2 Hardware limitations
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(1) RAM: 4GB
(2) HDD: 5GB

(3) GPU: GTX 1060
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2.4.3 Higher-order language requirements

(1) 2LHA: Window 10

(2) 7H2 A0 2 API:  Anaconda, Tensorflow, Keras API
(3) 7HL=HE: Jupyter Notebook, Google Colab, University Lab

2.44 Safety and security considerations

B) A =& Aoe A E HE o= 7IE AZF0| XL 5+ A=E 10

2.5 Assumptions and dependencies

(1) SXs H=s AM2ES & =20 H8 =+ g7 G20 NEFEE +43

4) MEZAME ZAXHES 0|8 OF0|L FaAt2t AE FA| AZIO] RAE
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3. Specific requirements

3.1

External interface requirements

3.1.1 User interfaces
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3.1.3 Software interfaces

Zto2t2 E#FSH AITS Ol Z2|H O MOA resize $F O|O|X|E Traffic image operation2
soilA Eaid ZEo FSEotct Held RE=REH L2 M YEE Data transfer
operationg &%HAM O{E2[AH 0|0 ©ESCE 2K HE= Dictionary A2z Fag
=0k ofZ2[A0IM0M Ul controllerdf] ATA|AH HEHE HEYSI0 Traffic data
operationg &3l 2tHO| MZE HEA|BICE Traffic image operation 1 Data transfer
operation OlA= HEYA S4I0| LMSt D Socket 2H0|ERZ|E 0|83t ME G| O|H

=
=

=1

=0k FHAEQ X ZHel AHEO|AE Of2f FelshRALt.

QlE{HO|A QIE{Ho|A M
Raw image 7thjgtE M2 2 oo ¥& O[0|X|E ELEC}
Traffic image image processingd|A] BtatEl ZNE HEQIE Sof YEESIn
MHOME= siY 208 Ch2 2ot a5 A HAEE FIWsCt
Data transfer HMEL2 O|0|X| 2ME Sl Y2 AEL =X AKX 24K HBHE OfE
2|AH O] M0f| ™&BHC}.
Traffic data traffic management®| A2, $ix S&stn QYe 2 M S0 EotEx A
252 HEfE BEOFEC}
H 2. Software interfaces
3.1.4 Communications interfaces
SX|s MBAAH” OfF2[A0|ML AN HAEZS ot 3Xls ZE MY 79
S4lo| LMSBICE o] E2[AH oMo 2K HE MHE HXNE|7t et E O|0|X|E
S5t 1 MH O|0XERH NEF™EE FE510 CHA| o{E2/AH0jH0 O FE
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3.2 Functional requirement

O

321 EE2 & H#Y 2 A
3.2.1.1 Functional requirement 1.1

ID: FR1

o

DESC: =2 d¥2 409 7tH2tz &It Mol HRE H&g 5= A0fof
SICE AT HolE E2ol AFEd MT V|E 2o AE HAXsS 1 AU

OfOF StCh AtEI2 05 ZtHo=Z AN HM&T 4 Q0{of SiCf

3.2.1.2 Functional requirement 1.2

ID: FR2
TITLE: O|O|X| MK 2|

DESC: &l AHlE HeEld 240 HYst=5 ME M2 E & 5+ U0ooF

Ii
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DEP: FR1

3.2.1.3 Functional requirement 1.3
ID: FR3
TITLE: =2 & O[0jX| ™EDESC: TXH2| U0l 2t =2 && O[OX|E A
HOf T&g = QUAOIOF oict Ol 4712 =2 &% O[0[X|7} & LEA &

2E[0f TE5H0{ofF oot

DEP: FR2
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3.2.2 Faster R-CNN 2 & M Sl K EF Function Ee|

RPN backprop Detection backprop
Ground Truth Boxes (n x 5) RPN Detection 1
e s Target [ —= RPN Loss ——»l Target Dmf;““""
Generator Generator
< N
ps T
4
Anchor g s ) &
+———»| Boxes < S N
N | Generation ) g 2
2 (S %
~ x 8 ~
g2 ) A 3
3 8 NMS [ Sample &
—_ Jreawe | X |gegion 2 ROIs Classes (256xC)
Image Network Proposal ROI blased ! Detecti Bounding Box (256x4C)
Network (P:T?IPD'HQ Network >
2 (RPN) olling
3 [ o
3 — ————————
3 T
o
%
-

Figure 6. Faster R-CNN AA| 3%
DESC: FASTER-RCNN ™A=& ol X
MY HAES2 9ol T MH AR FL=ZO|CH oM HFSH CNN2 Sl L= Feature

Map2 9| RPN Network®2 =07t E=ICH RPN Network O A& A7t US Ttst 1A

—

o

2 HAIE = JA=ZE stEE0 RPN NetworkE Sd L= Region Proposalll Feature
NetworkE &3l M= Feature MapO| Detection Input22 H™EHE[0] Class@t Bounding

BoxZt Output@ 2 L}-2LC} O] Class@t Bounding Box QEE O|83t0] AtE, 24, AHs

==3

Xt O[O[X|E A gt A =

i

2ol & & QUCE I MF 7|5 2FAE2 BEt 2

Ct.

3.2.2.1 Function Requirement 2.1
ID: FR4

Title: CNN

Input: O|O| X[(224x224x3)

Output: Feature Map
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28 % 28 x 51 TXTx512
: 14 x 14 x 512 ,

@ convolution+ReLLU

:Ij max pooling
fully connected+ReLU

/] softmax

VGGI16 Architecture
Figure 7. CNN +%

DESC: VGG-16 Architecture2| 4

(1) CNN(Convolution Neural Network): O|O|X|& QIAlst EFS mChstn O
SH QX BFeiL& 1HFOICE Convolution + Subsampling + Convolution +
Subsampling + ... + Full Connection 2| "2 2 O|F0{ZICL Convolution 1t
Subsampling 2| 2= O|O|X|0|A 578 Feature & &OFA -1 Feature 59
Zoto2 2HE TRiE £ ULt (Feature Extraction) Fully Connected
Layer O A= Subsampling 2| ot &#Ql Pooling o ZIE HEHE LIEIH CHS

n Aol MK HtR= APEES SHEC
Faster R-CNN 2 CNN 2 Sdlf HOtH Feature Map 2 2LHOZ HbE=C}
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(2) Convolution Layer: O] Layer 0 A{= 3X3 Convolution Filter & O[&3}0{ 0|O|X|

X JHEAE|RH £210|8 AERE AR8SIol EHH ALt oot off
Input 2 gt= O|O0|X| 2 Feature Map 2| X{d A7|2F depth & 7tX|2
QOjofstCt,  O|O|X|= 02| 7§Q| Feature 2 Z7| W{E0] Convolution Filter =
3X3X(M'2 ==)X(Feature ==) 7} EIC} Convolution Z1tZ= Stride € 1 padding
12 32 W Feature map 2 Height X Width X (Feature )7} Z|1 Feature

T£ 07| MEz = + ULt

sigmnoid

Figure 8. Activation function

RELU = convolution layer OA &8 &S *

ro

50| RELU A3}

ot
&

HAFSECE O A 8t Neural Network 2| H|[MEH-dE RO} Sigmoid &=

[

i

>
ol
ot
A

o
rir

O|R£ vanishing gradient problem (7|27| &A)0| Zs}

2

Stride: Stride = Sliding Window & H&8%¢ M 3 7t2 22Xl ZFEsiCt O

7| 50| M= Stride & 1 23HC}

Padding: convolution layer O|A 3X3 Filter A4t FOf| L2 Feature map 2
3717t 2 EA Eoh mERM Input O|O|X[2| HHZZRO| 0 Padding %S &0

Feature map 2| 37|7} 0[OX|2] A7|et SSHA FXIAIAH ELf.
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3x3 conv, 64

4

22

Size:

(6) Max Pooling: Feature map 2| 37|E ANH 2= ZOFO0 Feature & =&

OF
=
L

St=0 Of Pooling A& O|&3H0 S{ZTHCE.  2X2 Max Pooling &

n

>
oo
Ot
f

[0)

Stride = 2 2tCh 4719 gt SOIM 7He 2 AT FEotct 0|2 A 5t

L HA - —

Am
02l
mjo

FESID Feature Map A7|E ZEQICL Max 2 FESIH O|O[X|LH 24| 7t

BAO|S TiEet= M A2o 22X 7F 8L

(7) Fully Connected Network: ZE& Input O] C}S hidden state & ZAJ3t

=

rir

£

O|8=ltt. 2| ot F=9f OrX|8t 20N A=t

(8) SoftMax: K =FOM ALEElE Y2 ZMLU2E Input U0l ZF M

S22 o LH A O] o o =] u] == H=Z 2 Ol
SES 2o &= ACE O|A FA| 22| ZE oHXT 2EE0AM 2FE 2l
2
Ar& &Lt
< 18] 18] B 18] 1B (2 2] 2] (] 18] |8
© - - o~ N ~ Y] 0 n 0 0 Y o & °
> S |is 518 s > =S |2 > < B | > =4S |2 2 e
srerisriarelariarisreierisrisreaiarisrerat sy
o = o o = Q o o = Q o o = o o o = 8 O O
™ e ] ® ] ™ ™ %) ™ %) ) ™ s =
x x x x x x x x x x x x
) L) ] ] ] ) 3] (o] o] (o] %) 5}
~
~ 8 * -
= b a = "~
7 [ 7 7 7

Figure 9. VGG-16 =&

9) Ar2% CNN 22(VGG-16)

2|7t AHEStE RO CNN 2 #X9| ¢ Zof AXISHA == CNN 2
Dol Opx|at 2O|Of7tK| E1SIK| %1 M EA|E F7t Feature map &
Output 22 ZHA[1 2FM ARESICE M3 HEA|IFX[S| #+x=& O|HC} 3X3

Convolution Filter 7§ 64 & 2 #H S5t Max Pooling O] 1Pd2 & H

—

HH2510] Feature Map & 0 WHCE
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3.2.2.2 Function Requirement 2.2

ID: FR5

Title: RPN Network (Region Proposal Network)
Input: Feature Map

Output: object/not object classify, Bounding Box regression

2k scores 4k coordinates = k anchor boxes

cls layer \ t reg layer -

256-d
t intermediate layer

sliding window

conv feature map

Figure 10. RPN Structure

DESC:

(1) RPN 7=

a) CNN 2 &3l L2 Feature Map Ol 3*3 Convolution ¢4t2 256 7 E+&
512709 Md +=0t2 =t 08 2 9| Intermediate Layer O S 2Lt
Ollj Padding= 12 27 H'W 7t EEE = UEE H=ECE =A Z1t
H*W#*256 fE= H*W*512 37|2] & HR| Feature Map 2 ¥=Ct.

b) & HW Feature Map 2 &3 2HOtA| Classification(Object 21X| OfH X
&&= )1 Bounding Box Regression O& Zf= A 4HStCE O Fully

Ct.

rir

Convolution Network 2| EXES 2t
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o) Classification 2 =&3s}7| 2/sl= 1*1 Convolution & 2*9 (Object Q!X
OFEIX| LIEtL= X|HE=*Anchor Zi=)7h2] X2 +=0tE AT 2=
H*W*18 37|2| Feature Map & =L} O Z2t&2 Reshape ST L3
Softmax & M&3t0 8T Anchor 7t Object & &&ES Y=Lt

d) Bounding box Regression 0% S 7| fI8t 1*1 Convolution & 4*9
(Bounding box ZtHE*Anchor 7H=F)7H2| X2 =TtF FAHSCH ZtE
H*W*36 37|9| Feature Map = =Lt

e) 0N 2 ZIEE Rol & ALHSHCL

Anchor Box: 99 JZ0|A Feature Map2Z5FH Sliding WindowE & [f
Sliding Window &4 &0Al Anchor Box @92 LHzCh O|&A st K7L A

otst

| S~

mjo
H

o dY9S WA Fotol HE/JIAE Alutetot 4 £2t0|8 AERE
97H2| Anchor BoxE 4 ofFO|Ct 37tX| H[Z1t A7|E 7HEl Anchor BoxE
O|83%tL}. Input Feature Map 13X1337[|& 7tZICH BHCHH cls layerS| AR
13X13X2KE Z=Ch o] #E o= 2} RI=SR0CE K 7§ Anchor Box ZtZ{0i CHSt
O object QIX| OFLIX| HIE{E ZtX|1 QUCH Reg layer O A= 13X13X4KE Z1

Zt Anchor Box2| ZSMZIESR =0| HH|Q| HIHE Z =Lt

Sample loU scores

0.905 0.532 0.391 0.143 0.0

Figure 11. IOU
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(3) 10U (Intersection over Union): 10U2| A4t Zf2 st HY Hol/atdgt 49
& 0|0|C}. O] 7= RPN HESRIA && Al AFEEICE Ground Truth 5 2 O
O/X| Qtofl A= Z4H[2F Anchor Box2| IOUE A 4t5H0] 10U threshold #i0] ©2
™ 1 Anchor box0ll= ZHX|7¢ UCtD TEHSHO Positive(1) @f2 &L 22| WE
A0 M= F7HX| 7|&E2=2 Anchor 20| Positive/NegativeE Lz Ct
Ground-truth box2t 7t& =& I0UE 7HX[&= anchors 2F Ground-truth box2f
IOU>0.7 0|22l anchors Positive class @f2 F1 10U<0.32! anchorsOl| CHSH A

£ Negative ClassE 0 3tC}.

{1”.'} {f } ZLH-. Pi, )” )+ AT”; ZI’:LHQ(!af:

Figure 12. Loss function

:h

(4) Loss function: 210 IOUZ HO{H Positive Zt0F RPN O] Of=$t Zto| %to|et
Anchor box2| Bounding Box 2F &Kl Bounding Box A0|2| gt2 £0|= W&
Z RPN &&EICH PiZt O Zt0|1 Pi*7t Ground truth label Zt2 = AT
E2+& log functiong AF&3HCE Tie 0% Bounding BoxO|1 Ti* ZtGround truth

Bounding BoxO|Ct. £4%tE= smooth L1& A& SHCL.
g

3.2.2.3 Function Requirement 2.3
ID: FR6

Title: Non-Maximum Suppression
Input: Anchor Boxes

Result: 32 Anchor AHA|
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Figure 13. NMS

DESC: RPN ZH2H AT o] 749| proposale YA /7| &0 O] f+=E &

N
-

o7 It 0] 7|

or
mjo
rot
rlo

TeIsoF SCE O] XE2|E2 10U

2
>

ot

Lo
IT

7t =2 proposal 1t CH2 proposal2| 10UZH0| &

=MZE proposal

g YAl 2t ol

0| 1 proposalE AfA|SH= YHO|CE O|EA &Lst M0 o2 702 box7t

HA Ues 42 7I%E scoreZ7t 52 boxTt H7|= IPHOZ st&E8EE 0I0t

3.2.24 Function Requirement 2.4

ID: FR7

Title: Rol Pooling

Input: Feature Map, Region of Interest Coordinates

Output: Fixed Feature Map
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Figure 14. Rol Pooling I+’

DESC: RPN 1tEE A[LIH MZ CHE 37|29 FYO| LA &Lk Ol Fully
Connected LayerOf Y2 H7| QM= &2 Z7[7t E/0{OF otCt. MEtAM F7|
£ XFH F7| 28l Rol Pooling 1’dE AEILCE Rol Pooling2 7|7} CHE Feature
Map2| RegionOtC}t StrideE CHEA Max Poolingg TE3H0] Z1tgig X WY

C

—_

MM

O|Ct A2 D™= 20|29 Feature VectorE THE0]

3.2.2.5 Function Requirement 2.5

ID: FR8

Title: Detection (Classification & Bounding Box Regression)
Input: Fixed Feature Map

Output: Softmax, Bounding Box
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Outputs: bb OX
softmax regressor

I:‘:l l_?
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pooling
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Figure 15. Detection Layer

For each Rol

DESC: ROI Pooling layer25Ef ®2 Fixed Feature Map= Input22 =L} Fully
connected layerg AHXMA 2K &F classificationdt bounding box regression® E

AO{HC}E Ground truth ZtIfDetection Layer O|F Zt2| XtO|7} HO{X|&= gt

£
mjo

b5 A|ZICE Classification2 Softmax &t+E O|823810] 2J/SHCL Classification

|0
tu
J

I bounding box regression2 SA|0f &H& L}

3.2.2.6 Functional Requirement 2.6

ID: FR9

Title: 24K 2% X X

Input: Classification Softmax, Bounding Box Vector
Output: At&Xt, FEXAE, AR 2H| 7=

DESC: Faster-RCNN 22 Z2E Lt2 Class#E{ 2t Bounding Box #H|E{E O0|&3t0] A}

g X, A5 ClassE 7HK|& HEHE2| =XtE ML 0] 2|9 Classg2 HiEL =
THEFSHDE Faster-RCNN2ZE2E L2 HEHSO| OS5t oA HFHsE NMSYL2[E
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3.2.3.1 Functional Requirement 3.1
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3.2.3.2 Functional Requirement 3.2
ID: FR11
TITLE: 2AHEE Ol At
Stimulus: T+E At &9

DESC: =20 #5Xt7F HEIRE I = AAHEE2 ol H=8

ikl
>
o
L
N

St LA LIEFL =2 Z0o| AlSE F0{of siC}

(1) Scenario 1: ®Xf 747l Z20| X7t Y= 42, Mz7 H

O

rlo

Al

N
°

102 O[5t2l ZR0= CiAl 1028 FO0jsiF1, 1022} BO| o=

1

A2 adiz {X|stct.

| b1 b ot |
(@0 0]
___________________ s
@b = l -
D
- @D
| b1 HE 2 ol

Figure 16. FR11_Scenario 2

(2) Scenario 2-1: ¥Xf #HZ Z=27} ot Z, T HZl =22 A|7H0] 10
x O[stQl ZRetH OAME AZkS |X|stD g M3 2 FFX7F s

EE =

o)

=

r=

SE 10X F0jstct,

(3) Scenario 2-2: ®Xf 4Tl =27} Ot FL2, A} HZ ==Z2 A[7HO] 10
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Figure 17. FR11_Scenario 4
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3.2.3.3 Functional Requirement 3.3
ID: FR12
Stimulus: 25 =20 X, EdX}7} @IS 22

DESC: Z=20| XL} EEX}I7} Q8 AL B84
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Figure 18. FR12_Scenario 1
Scenario 1: & M=z 7t HAZE EZ =29 XAt HAXIF Gl 420= Y 2
o M= E ROSIX| 1 1ty E29| Mz=z FHo{Ztrh
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3.3 performance requirement

o

oC
o

0| 83t Object detect?| ZIHE 0.5% O|E LS = UO{OFBICE

il

(M

2 =M HolHE o|8¢t H= AAHFYO0| 0.5 O|LfZ ELIOF oHCt

@) TEA SoA 1= 20 MY eF S BFYSC)
(5) EEld 2™ o= =7t 70% O|40|0fofF oLt

3.4  design constraints

(1) Report format : iee830-1998 standards

(2) Data naming : Camel naming

3.5 software system attributes

3.5.1 Reliability (Required reliability of the software at time of delivery)

() B2 4% 24 AAH0| AIBOM SHOjH KL XS MM HHE ol
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3) M=So =M TFeA o2l d4¥s Melstns 528 =ME FAISHOFS

4) Ed== 9l

ot
rr
>
ofn
_ﬁ
>
fot
=2
r2
ofn
1
mot

>
30
<
°
rot
_|T|_

ES
3.5.2 Availability
(1) MHete] S4lo] HZEO AN OF SHCf

2) MHZ A8 Colabll Z|CH MM FX| A[ZFO] 12A]ZtOILY.

3.6 Other requirement
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