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Introduction
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1.2 Scope
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1.3 Definitions, Acronyms, and Abbreviations

20f B2l
SRS Software Requirement Specification, 2--AtaHAfl A
ResNet CNNO|A HERA LayerE @O E =5 47|= vanishing Gradient =X

£ ofZot7| flof notEl 23

RetinaNet 7|Z0| ResNet + FPN T XA &ABAZ Focal LossSHe2 HASH @

FPN Feature Pyramid Network, object detectiong St7| %/5l Feature map=

ChESH HERZ rescaledt= &

GUI Graphic User Interface, AF&AL7L HE|SHA ALY = UEE Y&EH 52
7ls€ ¥7| /2 OFO|& Mo ALz LtEtH S DY
Object AN A=, AMEte ZHEE= 20| HAMZ ™ (Bounding Box)2 AE{F1
detection O A7t FARIX| 27/ A YoiCh
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DESC Description

DEP Dependency

# 1. Definitions, Acronyms, and Abbreviations
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Piotr Doll’ar (Facebook Al Research (FAIR))

15 Overview
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2. Overall Description

computer

Server

image processing
I | [l O
traffic image
traffic management $ Classif
— ©

data transfer

2.1 Product perspective
camera
O
raw image
screen ____4_——-—©‘—’—'_
traffic data
g2y
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(Image processing)E Tl £ BO| MEstn EHeld ZHES &AM X B X|(ResNet&FPN)E
Tgsict O ZADHE 0|83t #ixf =290 NEHS Ot (Object counting)dt AZ ELUf AT
A2AZY A|AE(Traffic management)Of] BHESHCE 2t 2SR HWMXAD = E L E(Screen)
9| GUIZ BUEILE T2 &% 0= 4742 ZHH2t7 AL D AN EBXE Y HEY

2.2 Product functions

221 BB A &2

oo =2

e

=]

;kx-l

—

-l

o



dE B

4 ERE

2.2.2 Bounding Box Regression
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User characteristics
2.3.1 User Class(stakeholders)
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Constraints
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2.4.1 Regulatory policies
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2.4.2 Hardware limitations
2421 O{Z2|AH 0| H LA

(1) RAM: 4GB
(2) HDD: 5GB
(3) GPU: GTX 1060

@) HESR: H3E 22 O|0jX| ©&0| ERsEz HERI AHZO| 2RI}
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Ct et NIC 7HE ZQdt

2422 Held 2 g MY K oAt
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(1)GPU: 2 &S 9I5H0] 2|24 GTX 108004 TRZ BiCt

—

(2)RAM: OiE2| O|O|X|E O|&3t0 =tEdllof 322 16GB O|&e| HR22|7F

st
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2.4.3 Higher-order language requirements

(M 24X A: Window 10

(2) 7010 81 API:  Anaconda, Tensorflow, Keras API

(3) 7H&2tE: Jupyter Notebook, Google Colab, University Lab

24.4 Safety and security considerations

() PR £H AT ASE HE Hols JIE KO XLIL & UEZ 10

2.5 Assumptions and dependencies

() 2SKs =S Al2ES 2X =20 H8Y + g7 2o MEFS 4

Q Z2&s 4 ded 3k = 20|00}

5) MEZAM t=25s &M=z 208 & g7 W20 ZUE S| 4712 Xt
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Apportioning of requirements

(M
)
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3. Specific requirements

3.1

External interface requirements

3.1.1 User interfaces
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T oHEl M s =2k s 33k =2
N Ai=3
{212 AreFr=4
2213 Bzl
214 EL ey

BT 3

— 6

Figure 2. f+4 GUI Z2EEY]
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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
£ YL TCP/IP ZE2EEZSS AFESIY A4 X|gHQl wAloz O|0|X[E &S
I ng™dEE g=Ct

14




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
I

Ch AMTIOAM oot 220 Hefln gHald 22 Y8z g5 = IR

i
P
i
ot
+
g0
Q
[s)
rot
o

37|19 HEY

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 RetinaNet 22 M

class+box
subnets

class+box
subnets

.

class+box |
subnets \

wxH ||| wixH
x256 | 4" || x256

‘ g

I
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:

I

! WxH 4 f| WxH J
o

[

|

NEANAN

box =256 | x4 %256
subnet
(a) ResNet (b) feature pyramid net (c) class subnet (top) (d) box subnet (bottom)

Figure 5. RetinaNet 22 A9
DESC: RetinaNet ™K& Ql 7=
RetinaNet 2 otLIZ2 S8 HERXIZ backbone network 2F 2 7H2| ME subnetwork 2
T EC} backbone 2 ¥E O[O[X| ®A| HH| CHSHA convolutional feature map &
HrtSts Ao, 7L AFHEY = A= S7HE convolutional network O[Tt 2 HH Y
subnet 2 backbone 2| output 22 FE convolutional & &3A object classification &
FSICH = BHR subnet 2 backbone 2| output 225 H convolutional 2 &8iA Z4A

utAO| AHE (WOt HE 74| offseyS FOHCH

0

3.2.2.1 Function Requirement 2.1

ID: FR4

Title: Two type of Object Detection

2-Stage Detector - Regional Proposal2} ClassificationO] =XI= 2= O|F0{FE.

For Each Proposed Region

T
i
= o . ) i »
Region i i i D Muiti-Class Classification
Proposal mmm—p  Classification | mmmmp |
Sl o= ; [] Bounding Box Regression
E= = i
!
Input Image = Selective Search " —
« Region Proposal Network
- etc.

Ex) R-CNN ¥ (R-CNN, Fast R-CNN, Faster R-CNN, R-FCN, Mask R-CNN ... )

125, 2-stage Detector2| T A|={Ql 1=

1-Stage Detector - Regional Proposal®} Classification©] &SA|0f| O] F 0 &.

For Each Grid or Spatial Location ]

== ' D Multi-Class Classification
=) Conv Layers — —_—
e m D Bounding Box Regression l

Feature Maps

Input Image Feature Extraction

Ex) YOLO AI¥ (YOLO v1, v2, v3) , SSD A|¥ (SSD, DSSD, DSOD, RetinaNet, RefineDet ... )

Figure 7. Tow type of Object Detection

16



DESC:

M| B X

rir

=HE AYs7| Pt Classification, X2l XIE H= Localization &

1]

kX E +=~OF St=0|, Ol 1-Stage Detector 2 2-Stage Detector 2 Lt= == UL} 1-

o

Stage Detector £ Region Proposal 1t Classification 2 &A|0 sijZdh= &4A0]|1 2-Stage

Detector = 2| T 7IX|2 #AEHOZ FIgHst= HAIO|Ct 2-Stage Detector = ZHKX|E
Assts do FHOME 5 E2 ds2 HXT £ FUHME =egthe
C

FEO| U4, 1-Stage Detector = MEZ|H &= WEX|TH =Tt Z2

rel

O| AL} 1-Stage

r

OF

Detector | M2z EX| 9 0|FE£ 2-Stage Detector A€ RPN IHH S S3ll Foreground 2f
Background € Ot & FHB{LIX|TH 1-Stage Detector 2| B0 Feature Map 2|

Grid & 283}7|0 Background 40|

0x

Moz ol =& HOolH s =vd

=M7t 47|7] WEOICt ofz{gh EMe 7[E2

—

b

MBt Cross-Entropy & HEAIA

S ZeHCt.

3.2.2.2 Function Requirement 2.2

ID: FR5

Title: ResNet

DESC:

HEXIO| B(layens O 4ol OrF A2 HERYIE FosY ds S 0|
F0 AUACE SHIXY HHE= o= FE Ol #AOT HEfI:= 093
Vanishing/Exploding Gradient 24 MZ0 ds0] H /=0 Olz{et ddS
Degradation ProblemO|2t11 BtCt ZX|7} Zdl5t= O|fR= WeightE2 %7 #5
SHX| 811, BackpropagationO| M|CHZ O|FO{X|X| Q7] M§ZO[Ct ResNet2 O|2{t
Neural Network®| #tZ&=7} ZOE+& F=H7t 445t =ME siZ5H7| 25 A

| RACH =ZH HZ2 e LRO| Residual LearningO|LCt.

17



weight layer
F(x) l relu

weight layer

xX

identity

F(x) + x
Figure 8. Residual learning: a building block.

7|Z&2| Neural Networkl| st& =H0| LHXE EIAU()2E Mappingsts &

T

)2 &= ZAO|ULCHH Neural Networks H(x)-yE X22}S

Fl'F
I
5
o
.
_(')t

&2 TIMRUCL ResNetOf A

rir
K
bl
mjo

HHY HIERT7 Ho-xE E& A2=
SZHS oL YN YO TASFK) = H-x 2t Fo|E 5t 4|

EQAE O] FE R AOICH OZA FAE Lo UL Residual

,_
D
Q
-
3,
>

(@)
o
u
k1
rot

_ITl_
M
Jm
rlo
(o]
lo
]
[
=

Hx)=Fx)+x7t 2|2 O[&A UEASl &H
SEO| o3 As oF Yoloel YHe=2R AESE AS  Shortcut

Connection(2= Skip Connection)O|2t1 Lt Shortcut Connection

o
J

o HE/AE o5 O GETIYOM x=2 O25tH Hol= 10[¢2| gt
Of L7 MZ0 HERI7I dHete OHEL HYH ez 50| 7hsdl

=

zct,

—

3.2.2.3 Function Requirement 2.3

ID: FR6

Title: Feature Pyramid Network Backbone

DESC:

Feature Pyramid Network(FPN)2 RetinaNet2| backbone2 = XHEAFHC ZHEHSEAH 2

StH, FPN2 b convolutional networkE top-down WS ZE augment BHCE,

18



Feature.6 (a)-(b) 2F Z0O| lateral connection(==E HZ)2 SSHM BILIS| resolution
23 O|0|X|25E rich®t multi-scale feature pyramid& S8 2 F4$HCt
A A0 AM Z7|e CHYe2 ofF Z8%H ZXO0|CH 7|2 X0 2A !

of M E ofLtel S22z EXIHoF ot7| Wj=O0[Lf. o|™o= Etet 72l =X

i

BXI5H7] #i O|O|X| RtM|2| 7|5 ResizedtHAM SHE HULCE O|H P2

oz2 W AlZE SHOM H=ZEHO|CL O|F 7§dst7| 28 FPNO|2tE YR O] Lt

QA E|RALCE.
predict
/ ]
X predict |
A / 'predict
,’,//I
Figure 9. Feature Pyramid Network
HA MAYS ENSIHAM CHHEZ Feature Mape MAMstct 2|1 7hE A9

LayerOI MR E ARz WHEM Sjdet xHE =& BZF AFHE F FeatureE
Elementwise 2 A5t 2 X FE T, Object Detections ZIATICt O]t 24

= oM &9l Layere| FHStE FEHOL oHF Layere| X2 =M S0 Oiet 25

o
=
=)

| 42|HA Object DetectionsS & = UA =L}

3.2.24 Function Requirement 2.4
ID: FR7

Title: Anchor

DESC:

RPN(Region Proposal Network)O|A| A3t translation-invariant anchor box(0|&

S8 YA

i

AFEUCH WA A0 37| = L2I0|= 2" P3~P70|A 3272 .
19



512722 A7|E Z=Ch 2t H2t0|= -oAM 3742 S&H[{1:2, 1:1, 21} & #=
WHEAE ARBRUCH ZE AH YO CiES(denser scale coverage) 7| sHAl Z+ |
2HO|E 2 2OM REfe 37He] WHEAO| CHSHAM Zb2f 37§7F FIHE|IRACE {240,
271/3,272/3} O|8 A dt= A0l APE Z2|=0 =30 &t ZF M F5 A=9
He| WHEHAE Zn Yon U O|0[X|2| 32 - 813 TANX| Y & ACL 2
WHHEAO= KIHC| one-hot vector classification target 2 4-vector®| box
regression target O] Y EICt K& number of ojbect classO|Ct GT2t2| intersection-
over-union(loU)7} 0.5 O|2Ql BHEADE ground-truth object box & &Y EICE loU
7} 04 O|sto| WHHEIALE background 2 THEICE FFHEAE XCHRZE) 1742
object box O|2F S EICE K label vector= 2§20 siZstE entryBt 1, LIHX| &
022 XH2LCt (one-hot) ZHef WHEFALZL OFF ZHO|E DX G=CHH, = GTRt
9| loU7} 04~05 2 ZREH, oy WHHA= SfSHFOM FA[ELE Box

regression targets 2 2§ WHEAQL SEEl object box 22| offset(HZ)E Abtst

3.2.2.5 Function Requirement 2.5

ID: FR8

Title: Classification Subnet

DESC:

classification subnet2 Zf X[0|AM A WO K7H2| object class &&E2 0| ZoHCt,
O subnet2 Zt FPN 20| 22 =2 FCNO|CL subnete| HERA FxE 2E
O2t0lE 2f2oM M2 sLSICE CIXQIE Of2 Thedio,

Feature.6 (c) 2 Z0| FO{Zl m2tO|= A C X'E2| feature map= B =Ch
3x3 HEFNEZ 256 7Hel ZHE HZFMSID RelU HT+E HETIL}L O|AS

43| HhEotL) OMX[SI22 KAK*A) i) BEHEZ A=F4% £ Of 78 XM

20



2[2| object classification subnet2 2{0|0{7t Z 1 3x3 AEFMET ALESILh E&

Hl2tol= 2AoA Tfet0lHE S-Sttt

3.2.2.6 Function Requirement 2.6
ID: FR9
Title: Box Regression Subnet

DESC:

il

Z} m2to|E 2”0 A object classification subnetitE EEMOZ ECHE A2 FCN

Q

o] 20 QIC} O|Z2 Feature.6 3(d) 2 Z0| Zt WHEHANAM ZHO|A ground-
truth object 7t A= B & 7t offset2 0|Fst= 0| SHOICE 2f2to| 2{X|0f
MOl A THO| WAHHASES Xtilt GTZHOl HCHE QI ZHE offset 47HE O F3HCL

object classification subnet 1} box regression subnet2 2% ZE9| XS 7tX[X|

rir
o
Jo
Ot
Ral
&2
rir
inl

OF, box regression subnet2 I}20|E

3.2.2.7 Function Requirement 2.7

ID: FR10

Title: Focal loss DESC:

DESC:

One-stage Network(YOLO, SSD &)2| Dense Object DetectionO| YHEOZ Two-
stage Network(R-CNN A E)0f H[3H == W=X|T 452 St ol SHHQ
Feat SFHM TR mEtN A 2RO YEtHe =z ALEE|= cross

entropy loss &+& &5 7% Focal loss?t M QHEICE O|= Easy sample0f CHSHA]

rir

A2 JHEXE HOsts g Hard sampleOl& & 7t5X|E2 EO0siA &2 Of
H2 OHo EEAIZI= AOIL}
Focal loss= One-stage object detection®|Al object@t background?| Z2fjA7t

unba|ance7|' %EE él-ﬂ' FD(GX 1: 1000)% 6H7216|'7| _cr>_|-6-H X‘||O|_|‘E|91|:|'
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Binary classificationS $|%} cross entropy(CE) loss

CE(p.)=-log(p;)

Focal loss [r——
FL(pe)=-|(1-p, )"|log(p,), Y20

Modulating factor

Figure 10. cross entropy loss$} Focal loss

Focusing parameter Y& LB 2= 0~5 AFO|2| Zh(2 works best)

(1) 2t} exampleg EX ZF/otL, Pt 7t &2 42 8%

(1-pt )Y~0 -> loss for well classified examples is down-weight
Modulating factor= easy exampleE2| lossOf L Fak=ia ZQICt
OE &0 v=2 4%, Pt = 09 E O|ZEUAE example?| 2 CEEZA0| H[SHA FL
M= CEQ| Pt=~0968 & M &2 X2 lossE BA =22 YLHH 22 1000x

xto} Z

= —

C Ol HR 2BE examples?l FREE ATHHOE £0/= AYS BTt

3.2.2.8 Function Requirement 2.8

ID: FR11

o

Title: Z+ K| counting & ™
DESC:
RetinaNet2 £ XIS Object detectionl| Z1tE LI2 Class dEZE ZF =2 & 2

HE9| 71+ MM XZEt= DictionaryE THE0 M= AAHFE0| MEsiCh
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323 Mz AAHEY
3.2.3.1 Functional Requirement 3.1

ID: FR12

DESC: AFAZ|OM 2= YoM XtEFH(Es 2-RHO| EXectn 7PERS of 7|

o
2
x
(@]
o
HU
HL
rir
P}
|0
Hu
N
M
mo
oz
mjo
rto
B
H
HU
to
M
B
H
Hu
o
L
B
H
HU

3) M= AAEY2 o UM O Mz 2 HHEYZ| 227, M2 S0{US
2t

ASS9| 7|20l 4052 7|FOE C+8 HBT} CHE M0 Hf MTjHo=
BRI B0 ABO| At S2FD, JHEX 4UHoE NCOiE Azol

—

AMZtE E0EL O7|M M=o AL X[HAIZH2 60X, X X|HA[ZE2 20=

— -

S2 AIZH = JIEAIZHEOR) + (ETRAIZE ¢ (R £/ (BT SR 2))

3.2.3.2 Functional Requirement 3.2
ID: FR13
TITLE: 2AHET Ol At
Stimulus: *+&4t ¢

DESC: =20 F=X7t LIEtGE M M2 AAHEE2 oM H2E Al HFEA
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5t FZAIF LIEFS 2 20| ASE F0{of it

ol

(1) Scenario 1: X AT =20 F£5X7F A 8%, AM=27F & to

ro

Al

N

10= O[5tQl BR0= CiAl 102 FOf3i=1, 10 =L} WO| HOfRl=

8% A= [XAIeHCt

| I fz £ o |
ax
,,,,,,,,,,,,,,,,,,, g
@B - | c
D
o o oINS
| b1 b 2 ol

Figure 11. FR11_Scenario 2

(2) Scenario 2-1: ®X§ 74T =27} OtHl AL, S} 74T Z=ZO| A|Zt0] 10

= ofstel ZRetH AMZE A[ZhE ®Alot ChE =22 FEX7tE e

|0

e Boz

=

TE 10x Hofstct.

(3) Scenario 2-2: ¥} 74Tl =27t Ot AL, HX| 7T =209 A|ZtO] 10

X o|Mo|2tH 2o AZtE 10XE EO|1

fac)

, Ohe A28 FEAt

£ Zom 107 BOJ3ICh 121 ChAl Y2f AHRE 20 4 A7
O 0| AlZHS CHA| 20igtch Ofmf W2 A7t 5% ojsjate Che Al
52 gojzicy
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Figure 12. FR11_Scenario 4

(5) Scenario 4: 02| =20 A7 SA0 MEE B0 7o MY

M ZdE =AUz M=E BEs =0k J7F HIXEH e U= A

=

3.2.3.3 Functional Requirement 3.3
ID: FR14
Stimulus: 2= =20 X}, 2dX7t glg 4

DESC: E20|| XL} ESliXI7I 98 ZLR BEx

Hir

o]7| Rl =259l =

i

=7loz BalsiCt
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Figure 13. FR12_Scenario 1

Scenario 1: Ct& Az 7t AR =20| Ktekut AL QS 420 = ofd =2

o

R

Mo E ROSHA| §0 O Ohg B2 M=z Fo{Ztr)

Scenario 2: B E T Z0| X2k} HMXIIF Q2 FRo= AMSE

r
4
i)l

=
>
fot

2 FXSIEE M2 XEolL EdX7E S0P O =28H o cycel| &

AEES At
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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

) M= 2] AlAE2 X2k X FX|A|ZHO| X2 OHOFCE BHYOOF SHCE

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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