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Abstract:

Current highway bus operators have installed in-vehicle CCTVs to record bus
driver’s behavior during transportation. It will be meaningful to enhance safety if these
digital video data can be used to help bus drivers to avoid from abnormal driving
behavior.

Considering on-site hardware and computational resources this study has chosen
Kamalan bus company as the use case for empirical analysis. Having discussed with top
managers at Kamalan bus company, this study used R language to present a CNN-based
model with continuous iterations and tests. Empirical results showed that the accurate
rate reached 94% and achieved the goal of feasibility of recognizing bus driver’s behavior
by using digital video data.

With the help of visualization tool Power Bl this study used rear-end operation
data to map with bus driver’s behavior results. It is proven that Kamalan bus company
awards recognition to this model because of positive responses of bus drivers in
company. For example, overloaded bus drivers will be interviewed to understand why
they performed abnormal driving behavior. Personal persuade measures or
rescheduling work shit may be taken to improve driving behavior for transportation

safety.
According to “TKU Personal Information Management Policy Declaration®, the personal information
collected on this form is limited to this application only. This form will be destroyed directly over the
deadline of reservations.
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ft%ailﬂﬁi,@;ﬂlﬁff AR SRS B A FF O AR E O BEREY

v

TREB AT F MR A EEAE A
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2 AR

RELR Sl - TN e - R UL e el AL PO 2 SR
B2 B F A LR R G Ty 1960 &£ F IR 2 (8
R B S BT R Y > B ORI EATR S Y L BT -

RS

t
ok ew

221 1B ERIE

WEd ST A EFE B > kg2 (Image Processing)$ikeAp s # 5
¥k o T EIA RER o et Wi R 8 R P B bl S 30
P R I R A A SRR T LR ) R e e -

PHALetst 3 TEEREH- AREFR o £ HE TR ik
T RIL AT g AR e R iR %”TM*F? UL S
LA Ll o B FEG PR 25V R R4l

A

AT e ) o BE RN A AFE CFEREY 0 LG i s B g
e 2 F M e R AR 2 ¢ 0 B ¥ ¥ E 33 (Recognition) £ A #f
(Classification)z # » & B g chjip * 4o @ & M 3eah(cs » %) ~ A % FER (%
TP )~ TR FF(F T AR E 0 R W UL 5 R £ 7
TR AR SRR R YRR LN LB PR S0 2
MFERh S R TEN S QT ERIRER S B R R E SRR D

CERSS SR

PlAgLaE B A R B AR EHRILE S 3§ BT
s i it (A/D Image Transform) ~ 8 s34 53 22 48 /& (Image Enhancement
and Restoration) ~ # % #% £ /& 45(Image Encoding and Compression) ~ # i
*» 2| (Image Segmentation) ~ 8% i} 4 = &2 & it (Image Representation and
Description) ~ # 4 # 7 fe (Image Feature Matching) % %
Wo0ds(2018) #-#ic i B2 SR AJE & 5 K~ 7 ~ = BFh B o MFF 5 R0 R
Aokt P PRAUR S F AR B SR T R B R A
B 2 2ndvds 2R B e ¢

- Gonzalez -

\d

T

o
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MU SR B e R AR F R AL S TR B, o AR ALY
AP AL BFA DR F BT EEE FE D
FIAG G > TR RO SRS A R gL - R
By o btk T i R Rl A o A7) i i B fued® ( Digital im-age
processing » f# DIP) » &g * Lok i@ - & (2D) Pif e A
R A T AR o % AR i 0 fjﬁ{%i L BORFR
HiS T e g @R T0, 8 T, » Hiv: B LR
B, o LAt regdE-mnyt AR, Tgpe gzl %0 a@
o Bofrend - ghfE s ik (Pixel) o S B ik o i W
BERF G R aE 2 - o 41]}12\%3’8 HE iy ~§‘an3 N
RBF TR s oA A gy o A (Array) st o R I e

3
4
r
K3
e

-
k3

WE KA I E LD GIERREE LA hR o VAT E R RALER

P R WRAS Y R AR FREST ¢
%ﬁ?#iﬁéﬁﬂ%&??’%v% R 0 T AL ~ A
TR e S ET A BES VSRR R

2

[
@ﬁ%%%ﬁ‘wm’ﬁJ%%Wéﬁ &\%%Alﬂa%@’j&w
PG B R AIATAIRA UL S 1 TR AR AR 2 R B

AP F AR AR R TN e ARG - TR
T FRBGAAT - mET B~ dg O RIVERS S SR FHEIRS
g % TR D BTN - BRET AN - B L
EERF I f(xy) 29 x2y s Ta gk ddkf iiz- 2aikXy) e
ity (@amplitude) fE R Az B i B o & B T ok o2t B
RIE> 24 AREAFSE » F LRl b e Z i T T /2
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KPS RA T B H S B S L GRS B E
RIEFHEE AN 2R (2012) AEAT Y UL Y LAST A 5
1 Ay Sl R F 0 S e R S B

ERGFRE en ZRIERLE LR 2 poy iy (2018) A H g P
BER-F Y TE B YRGB #A T fs 0 £ BT ARE S 2 B e

gk AR[0AR R SET RS H P RTEE S SR
SRR -

2.2.3 BENYIRRAIR

Boavde§ L RIS F B R R E R - RN E

i R0 AL REE VRSP GEEHAMTIFDER* - 4
A RpREI (018)5wr g g A2z e 7 ot kin2 (Optical Flow) ~

22 %4p e (Temporal Differencing) ~ % # 4p ¢ (Background Subtraction)... % o

kv AAp ik P WBE A 2 Gk PR e T ) AR
g B P S BT o MR 2GRS E S 00 AT ML > F 2
Pl T MBE > TH* A2 @R EI MR TFRERE D F R4
FAREFEZEAPREN > 2 T EBH AP OB P T ¥
HBEFEOR TR A FLERPRLEDELS O FEATFHAHE
(R EPMAErZEG ) F2ZRETF o BE5 M0 RBFES B RS
WRATEEEI CREFEVH 7 RGBT H o b 2~ g i
BEA et B R E (TR o gk ¥ A (2005) AHE AT Y 2 B 4e

=

=

w

T
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Region-Based Tracking

R R AT
iU Rk R B K
EH o R
B4R hE AL B
WAL o

=
{
oy

Active Contour-Based

Tracking

Wt 40 R R B Rk
307 B R e  fit
FRAS hg 1 o

FHCE B

Feature-Based Tracking

R 5 b AE 7
PHCR (B G
B R
FE G B ni Bk

FI|P ehe

T2 36 B

Model-Based Tracking

7 & g B
e R 3 it 2 1A
SRR = E SR A
R 53 U B T
i B TIEBL o
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224 B ZERE

A Pie R RITA & 42T 400nm T 700nm R e Rk o frg Bl ehd 5
Ad 72 I beniz(Red) ~ 5% (Green) ~ £(Blue)= 8¢ kR & @ e
1931 # W% RM LR e CIE)fH LT A= B4R E L= RS s
=700nm » % ¢ =546.1nm » F ¢ =435.8nm o A& ¥ ik aIE MR o F KL B
BB A TR BN B AARRE Y R A L e w
RGB = ¢ %453] ~ HSV ¢ 55 #7311 2 YChCr 53] £ = 48 2 4 9
TG EpEd ALied ~%d N Fdhz B4 (KA RGB (Red
Green ~ Blug, RGB) ~ 2)#-g: 1§ & 4p ~ & fc R P 2R &7 ¢ 25 B
4] HSV (Hue ~ Saturation ~ Value, HSV) CRMUBRRE N BES BBEE
FeHYChCri#a (Y: 2R Ch: E¢ ERBHE Cricd ERBBE)
S TS EE Y LA nR R S B o B A T 1 A
WpER Y > Fp Aot RS AP % FLA 0 ¥ 0~255
BiE RGB = R d HAE @i { 5 F B (oG i3 S AR A
P rESe 2 Al RGB = B A AT B P N F RdrE 2.2

2,

*5\»-

ALT o

PN [ [ (Y
il o] v v
Gananf cnanan] anindn] Gacncn
il o] viuen| v
o] cnonan] Gnnen] Gincn

.

Sun| een| kn| |
o] racn] Coraan] R

o] roraral roraral rarar

o] roraral roraral rarar

o] roranal roranal ror=.

W 2.2RGB W ¥ %4
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2.2.5 RPEHEZER BT

P Rhe 21FIFTN O FEARY LI P HIL BT A NHE

S AT R G R ERE R LTRSS ] (S
TR GT N EARE ) SRR EE T R AR o T4
JI48 Bt 7w B AL o s (GreyLevel) 355 45587 » &7 B g ¢
- 8 0} 256 BRI A 0 B HRA A B THECTR R > AP
e R BT BTGRP I eJE 0 #-1hE 1 RGB - = #c
{5 0 4945 0~255 £ 1 o DN A T T

Gray = R*0.299 + G*0.587 + B*0.114

Bl B g R B ee RGB Bl R » KT IEE
(Threshold) #-8: it 5 20 B e EHhZ A3 PEER 2+ 8 (255)
F2ZRIRED R (0) @i 55 4oR] 2.3 77 o

i

i N i YA c—
s ERECTE ST




23 REBE

FREY AWEBES VAR T - fAPUN AR R T B R Y 0 S
LM R F L B o BRI TRE S E RSB
Pl 3f ~ 3R e 2 AR Aaa 78 L * ﬁ&%g
WRFERG ATt PR L B (BT ) Ao BE Y R ARk
FERPE > 5 e AEET HEW S APFAE D B enAgT o B T T A
RS Sl 0 818 EF L Pﬁf"— s o AET LREREE Y R E

‘..

2.3.1 AT 484855

KA G RE G S P AY ER D RR ALY - P B 1FE
th- BA L > RN A GHE S S LEAE A1 Al
BE S TRHAE I LIRS b G AR N B S AT
SRS EEEREE Nt ) S 3 SRR A S e
A FA L RPaEIE G R e S E B o M S REET S &
HEO A R b2 B w0 T URIE f S o A AT e B R B SRR JE B e
Ao LB Y R S B N R A i A R (T R )R R
B E S S g kR o

B SR SRR A A S A a0 RE R b1~ AU
LI S S B e i B TR R e U e R
BARL S R BB A IR T AR il bR
E"”ﬁ?“ AERE R VRS S N R I S & SRR

BRIt S AR R B B

W

o
C -

H R g 4% Hof B B A S A SRR T A N e
S BE A (REA) fre 2k s 42 5 (Artificial neuron)
g R e g ik o TR K oengd ;f’uﬂi%] R RBEF EESER
it 3 #c (Activation function) ﬁii%s%lﬂi%] 2% R HE® T PR A
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AR FERE R EAe 2 (2003) wHAE G P Ay DR SRR A
BeEAfeaety i B % A F3#iciT3 A 14 S ED A S
BRSO AV BE AR AN QR AT A 1A EAETR

FEE O LEEHRER SRR A ST AT T

v

LR AN s“w?'g A*‘F‘”LVF fqgﬁei%,glﬁ\ggg\ggagg
hEk A REHA AT AL BTG TAZEA

<

% B4z B (Sensory Input) © £ BB et & B A o BB £ 3 ehd)

/;rl?t"«; T.Q )\ZE’ ‘q‘_/:‘ _f{.ﬁ_“i’ o

B & (Integration) : -1 » FUBLIE (7 4 45 AJE > ¥ 8@ D ET5H0 b R
PIpcs  PRfBag 2 F e (8 35 o
# ® & 4 # ¥(Motor Output) : T4l 15 % cum@] dr L P e chl

ERCE RS S £2 LSO b ﬁémW@o

iz 38 VL AR SRR AT ol K R
2k (FPm% 0 2003) :

ﬁ%lf\ K (InputLayer) :d 5 i & B(H g ~)e = ARRERY §§i&
TOF AL T B~ 3L o R N F A

N

"Lk (Hidden Layer) - /gy » & fogg i & 2 B > f 334 SRR
BB R RERE L H A P2 R o i Y S S @sk e N A g i e
(EX L0k Saph NS UV XK R S8
ﬁj@%%%%ﬁﬁﬁ@%&?ﬂiﬂfﬁﬁ§@$YW%’%ﬁ%§@
EILETRRAT Y EA Y ST ER

T T

H
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8 1 (Output Layer) @ feit 247 f Fapdin ¥ 05 - & >
By BRI A

Neuron
Z=aw +--+aw, +--+a,w, +b

a, \ A simple function

P ‘ Activation
! function
weights b | bias
W 244 g

PN fE e 1 P el S 2 L]

W25 18 sepEh
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Hprh b b7 gm3 1960 & S5 FF ¥ LR GHRAELY S N 2
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e . 2
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» TR RIS A NS

TEHY S GRS ARG GRERTY L& %2006 #
506 5 <~ FehHinton & 4 ATWE § E ST 0D F R A Bl g S
)éi:’i-i/;g_)ié%_/ _Ljf#é aﬁs ’ u%]:”;ig: /#_g{g PEA o o 38 HpoE

Wit 5 EHIERA PR TP A e 0 R s S
T B Y iEAR > (e FPU R B AR S A H A B iRk
F g e (frag) 0 R R P E] B ARE A DR AT S P hiia
Pk - 4 3paE 5 Hinton 43450t BAE A A AL & E E R IR R
R R BER S N RRELEL EFKN A FERS
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EHOF YN T R RIR B (T L )R R R
P IES BacfeR BN 0 B LT A NgenE B o A SRR -
MEER A R RRGEET R G B B ¥ SR
BPFgY o EIRROENFLETIFY DS TE RISV
oWk cHERNAREATR-HALHF T2
PE-BEEE SN RE RS ORI A 2 S AT RS
FhA 1A R 0 BT A R E T B A 1A SRS B g A iR

il 2 p sk 4 o

=

gk (2018) »HEm 7 ¢ B> FRE Y il KRB IF5E 7
PR et > THRBHIGEFBF NV L 5 = 8 1 %A % (Encoder) ~
%75 % (Decoder) &« 4_= JF,Z B a*—"ﬁa%xbg if';'l NG B e b phst s
;ﬁﬂbzévaw@ﬁﬁﬁﬁﬁ%@pﬂ%ﬂ’ﬁiﬂuasﬁﬁbﬂﬁﬁ¢@q
P A ERE YA SRREAT UA AT =48

1. =4 V)7 R $§ (Feed Forward Deep Networks, FFDN) : 2 %8 % 5 4
gt d S BHRAER D 2 kG LAl AR S B
A & 4 g (Convolutional Neural Networks, CNN) o

2. WwARVFER pE. (Feedback Deep Networks, FBDN) @ 1/ 278 ® 5 4 e
BHod FRBBEE R D S dokoie i A LA R
(Recurrent Neural Network, RNN) -

3. B ;V\FA % (Bidirectional Deep Networks, BDDN) : & % %f8 % ~
R B oA SRR S SE S BRI S > wFARLTL B
(Deep Boltzmann Machines, DBM) ~ ;% & % iz % § (Deep Belief
Networks, DBN) % -
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AR 5 ez okl o MR e gt ey LA ¢ 2 0 mxnet > shiny ~
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3.2 EE 1T Y
3.2.1 EEHLHE

BARP £ f4 g (Convolutional Neural Networks, CNN) «:i& i g
@ > BrandonR. *tH B AL ¥ 7R 2 > EHFA SRBIAREI P ELY
B0 B AL R AL LB SN SREA A U T B G e
EreE AR ER > A~ R AT A g 0T 51 Jimmy Lin

WH R LA SRR R AP
1. 3 a4

PFHEI D §LEHP GRS TR 2R Y
SRR R E oM 32 TS RPN T C B BEE AR
ERGMHE R ER AP SERE A EFP B o e A G

W 3.2 B ik gy 2] 8

2. Pt

BEPREGNE B AR GRBRER LV HAIRRPAADE B A
FEE > TAURTEA X LR TH T H L INF DR <)
S B B0 b B o iR AR S lih TR B AL 5 45 fic(Features) o 4o ] 3.3

AR Lt R BB S A SRR 1R T A R
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W 3.12 % fdl BB B A% e g g %

i) @ vE (backpropagation)
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3.2.2 GIRMEHEIREREE

¥ f# A4 i (Convolutional Neural Networks, CNN) £_p # /F & 4 5
52 (Deep Neural Network, DNN) 4zt e B 3 4 > g 2012 & ILSVRC
i d %(ImageNet Large Scale Visual Recognition Competition, ImageNet ~ L4
WAL L PFFE)? o d Hinton 3 AR DDLIFRFLRESHET S E
RelLu ,;r/]?ﬁ'mrﬁt Dropout #+]1 AlexNet Ay id %+ - B4 7 45 4
E0LSYM 3 A enB s EE Y A R GPU (F A8 F ke 2 @
R ERATE A £ R4 P EEfEA > & Relu ,@73,@; Dropout # 1]
LR RN HIMNRJEORRE > BIFRAT Y AR AR KB L {8
FAMPATERY I MPM L ARGFEE DT ETL 2 R ERITE 2
Yolo 7 f& o

#ﬂ@%ﬁ#@%&‘éﬂﬁ%@3mﬁﬁ:égﬁ%%0mw‘%
# & (convolution) ~ # it & (pooling) ~ i/ S8k (activation function) ~ 2
m % (full connected layers) ~ 35 21 & (output) » ™ & 4% 3B 2E 5 4

P

wp

o

pooled Fully-connected 1

pooled  featuremaps faatyre maps
feature maps

feature maps

ply|x)

QOutputs

Input

Convolutional Pooling 1 Convolutional

Pooling2
layer 1 layer 2

W 316 CNN # £ &5 % 4
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L 9§ > & (input)

A A3 R GE T AR s i gf#;,xlzﬁ?#l% Sl E kR
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w; :{my, My, myz, .omg} i€ {1,d}
Wig =W; +w, + w3z +-wy

Bt T 6o o S S S e
FHRB > ERR G AL o

2. %# % (convolution)
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m, m, e m,

m m m

p+l,1 p+1,2 p+l,v

’n;wi.—l,l rnpﬂﬂ—lﬁ T ,n;w.’.—l.r
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3. # 1k (pooling)

BB R R R S > G B2 B m B RUTHD e
Ik i»ﬁ%h%“L“)éi" FRADER L SFITIN SRR By o
sb R ko 2 AT

pooling = (S(d—k+1)x1) = a(S1,52, 53, -+, Sa-k+1)

w5y

He sog A7 rFap it 28 pav k3 Beas (L3308 700 Bk
## v (Maxpooling) &/ # i* (Minpooling) ~ T35 it % ; CNN &8
Bt EEG AR ER AT S LN SRR T AT T Sl
TBREEF gﬁﬁ%mmA%iﬁm&ﬁ’aﬁu“@ﬁ*”*m%
# - CNN g e AR P el RS R P T 4
3

p= (Pl'PZ'PBI""PM)

Ehous A B EEF R LGS LR GEE L TR A
P R HREe £ P B A SRR o d A G
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4. & S¥k (activation function)

e FFEREY Y > FREASEFESS NERILT-F B
PEE- BREREESOTE O RELEF A RFY ﬁ”%“”im'f % ik
SR LB AR AL L A EF Y A 2 L

o RN 2 Hinton £ 4 A FRE Y A Dk
F%,ﬁk%ﬁjﬁuy%%@yIWWLWCNNﬁ%é¢H4 =~ e R RF
FPE p o diendnfed 7 1S Jnfic (Sigmoid function)~ e & *7 S (tanh
function) ~ s} & S0 (Rectified Linear Unit, ReLU) & > jis Sificen P en

g AR e - BRE Y R E AU R DR
PR EE T TR At bz Eade? o x 12 ReLU FIE#F 0
eyt & CNN R R 2Pt G BB Flpt e & Snfic g
¥R > ASFipM Y 4 F L grcEk o

Sigmoid Function

Sigmoid function

sigmoia

% )y: l_\' € [Ovl]
l+e™

-6 -4 =2 0 2 4 6
Tanh Function

Tanh function

—X

=y
pr=

e\‘
y = tanh(x) =—
-

-6 -4 =2 0 2 4 6
RelLU Function

5
4

5 3 ReL U function

¢, y =max(0,x)e [0,+c]
1
0

-6 -4 =2 0 2 4 6

B 3.17 ¥ * jeis sl P 5 8W
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5.  233%Ak (full connected layers)

Rfpmdtp 7o BB L TEd EH % P A EAHEFL L > CNN R
Po&dm g PAI* g4 GRpeimrfEtyad

NN AR B2 38 b gl Gl ¢ 7 g4 5
B~ oA SRR GE A SREE S AFTERTBEN G
Pr T CNN JFE 25183 0 @4 SRer a2 s ag
AN gy~ o e 2R PEFASLATEL T A NfE B 318 5 @i
AT R

| Input Signals >

1
¥

1
Yoo

1.
W —

< Back-propagation of error I

B 3.18 @A S RE
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A SRR AEREY Y R 2% p %ﬁ?—ﬁﬂ | & (Target Output)
B “‘"ﬁ% It & (Actual Output)fp i i enL BEAZR A FEE

B A BT
HAoT :
1 M
:_Z(ti -0,)°
23
H ,ti’g\ﬁ’ﬁ‘*@] e i’?‘f—%ﬁﬁlﬂ’._ﬁ_ @5,&(,1){?&\”7\?%‘
BARR @ L REAE ) UBRLEYEE T LA - BREDERLE

¥ AT AT

o owij A gATaREE 0 L8 Y X

<(Leaming Rate) » i ¥ & T &
#A[0,0] > F AR by T

A R
n
0, = f(net) net=> w;X
=1

PHFITEH W EAHFRE EE

Pt

E _ E et  E
an;;,  chetp Ay, chet; !
Ek & X =—(t,—0,)f (net)
aet, o, Aet,

HiE b EE v
E
ij
B fo el kb fR B e b re R Wij = wij + Awij o TR 5 0 o 29
Lk BEL TR % ACNNFE2? > A EEEHF~» L K
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Input Feature Maps ~ Feature Maps  Feature Maps Feature Maps
48x48 Gl@44x44 6(@22x22 12@18x18 12@ 9x9

Outputs

Convolution Max-pooling Convolution

Max-pooling

Classification
Features extraction

B 3.19 % f 4 45 e 38 (e AR
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3.3 ERIREIL
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Power BI My wot Finan mple dashboard v
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W RF S ARNHE R LRGTAEAGE B8
EEAOHERTEERFAVRTH A (S 2 £ Keras~EBImage~
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4.3 SiE A S

APIURFTIRFIL CEBCONNFEZUHZEA L (7
AR F 7E L % % Keras ~ Tensorflow ~ Anacoda % 4 "L A2 58 & > i@
Rfl*}s CNN e # %5 > CNN 371 ¥ - BV E =735 zg\P FLen
AAfIRARACR] 4.3 Hrm o AFTE R T A K B 2 ) B iEA S R i
K$F T 5 BT RS SEIER 0 AP M P 4t o

g\s‘<
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olojololo]olo

ojojoj1jo0(o0jo Pooling Flsttening
oltlojolo|1]o —
oloj1|t|1]ofo

olojolo]o]o]o

Input Image

Convolutional Layer Pooling Layer

W 43 CNNiE & ndz
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AFE T S EFERERLER AL F BT RRTRES
1260 55 215> 74 91 1 2 U R IR RE RIF TN NREL Fa A :ﬁ;f]
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b per BNt e i dich d Hinton e r RAF Y RS

OB E 2 rERa 4 Y R RS AR RelU s

Yol 45 90 o BN S ARE T TR o L s S
5 RelLU Function
4
o 3t ' Rel.U function
& 2
y =max(0,x)e [0,+e=]
1 v

%6 =4 = 0 2 4 6
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4.3.4 01CR=

BEEEHAER BR Up BRI RATF e N
FRE o dor Ry fperid > B 3 N AR g ARG pE T R
B v s g v %, d 3 CNN JF 5 2 44821 g\m/,,\ ‘»“F“’FWE'J{EE;KF‘T#‘J =
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Max Pool
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Filter - (2 x 2)
Stride - (2, 2)

W 4.6 3.4 1o g 1t
435 RS EETF AT EEE

B B R RIERT R PR z\?q‘ WiE e s BG4
v IEN NS S E

HUSRERT DGR F R SRR R RT3 ho ) 47 4R
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» __L Iil L@ Zd ‘:m -v‘ ﬁfé—v f— B -7-1- —,— _’F I?J ;‘; 1% E:—'J i‘?ﬁ

PP

|4

53



Pooling Layers

connected Output

Flatten Layers Layer

W] 4.7 % v B B T
4.3.6 EEE

S i ONN i 8% B s 4 145t & (overfitting) 1= > Hinton ¥
R B SRR Y e F 5 (dropout) B ] > B E R AR
PR P AT B EE Y R B SR
pe: ISR Y RNV EE T ﬁgj a4

=W

* S
% 4o 4.8 A o

W 4.8 Dropout # 4]+ .
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4.4 77 5AFR A

PR 5 A P ONN G E i Bl B2 K 238 (e iy s
v

* aﬂﬂf’—jj%ﬂ\ﬁﬁ}jﬁ“ RFEZ AR#F1EF T2 L4 5 CNN FERI S %

e
14
NS
A
=
:_\\\
e
t&—
S0
{ 'El‘
*~
N,
;‘\
SE
o

BT Bk T304 0 A A A A RY I AP T
ReLU g/ Snlicte A 8 B UB A2 P avfeacic 4 > 3 pA W T R
#1 g B Y S PR RS 1007100 0 HCR] M E e PR R 17 e 0 T
PR TRGRISER Y B R AT RS L AR o R
FEEA LR 2720 FY FK AR 0250 4oF] 4.9 1T o

# CNN Model
model %>%
layer_conv_2d(filters =32,
kernel_size = ¢(3,3),
activation = 'relu’,
input_shape=c(100, 100, 3)) %>%
layer_conv_2d(filters = 32,
kernel_size = ¢(3,3),
activation = 'relu') %>%
layer_max_pooling_2d(pool_size = c(2,2)) %>%
layer_dropout(rate = 0.25) %>%
layer_conv_2d(filters =64,
kernel_size =c(3,3),
activation ="relu') %>%

# Convolutional Neural Networks

# Load packages

library(tensorflow)

library(keras)

library(EBImage)

# Read Images

setwd('C:/Users/ I/ Desktop/R CNN/')
picl <- list.files( ‘../Test')

train <- list()

for (i in 1:1260) {train[[i]] <- readimage(pic1][i])}
pic2 <- list.files( ‘../Train')

test <- list()

for (i in 1:8) {test[[i]] <- readlmage(pic2[i])}

# Explore...

m 49 ﬁ;/f ?FM /n‘-iipglé )'L( KAV\)
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HERFTHEFHREEE2 CNNFHE 2 P R #BF 2 (7R 2 4p M
S E b ] 35 R RN AL EF RREE O M NGRS
60t HFZ A% DAL AF PREERFH OIS I 540X RPEF
BARFE T 0 B M T E 4% HE e EE iz 2R UT B AER

PR B iF 2 B R R % 4B 4.10~12 #oT o

o[ ] - 155 64ms/sample - loss: 0.9712 - acc: 0.7042 - val_loss: 2.5294 - val_acc: 0.3750
32/60 ] - 13s 5éms/sample - loss: 0.7646 - acc: 0.7458 - val_loss: 2.9870 - val_acc: 0.3750
33{60 ] - 13s 56ms/sample - loss: 0.7268 - acc: 0.7542 - val_loss: 2.2308 - val_acc: 0.3750
sdfﬁo ] - 13s 55ms/sample - loss: 0.6447 - acc: 0.7833 - val_loss: 2.8498 - val_acc: 0.3750
35{60 ] - 13s 55ms/sample - loss: 0.4924 - acc: 0.8208 - val_loss: 3.5645 - val_acc: 0.3750
36{60 ] - 14s 57ms/sample - Tloss: 0.5354 - acc: 0.8333 - val_loss: 2.8242 - val_acc: 0.3750
371'60 ] - 155 6lms/sample - loss: 0.4652 - acc: 0.8500 - val_loss: 3.0192 - val_acc: 0.3750
33{60 ] - 155 62ms/sample - loss: 0.4587 - acc: 0.8417 - val_loss: 2.9168 - val_acc: 0.2500
39{60 ] - 13s S5ms/sample - loss: 0.3955 - acc: 0.8708 - val_loss: 4.2468 - val_acc: 0.3750
30{60 ] - 13s 5éms/sample - loss: 0.4471 - acc: 0.8208 - val_loss: 3.2392 - val_acc: 0.3750
31{60 ] - 13s 5éms/sample - loss: 0.3724 - acc: 0.8750 - val_loss: 3.7026 - val_acc: 0.3750
32{60 1 - 135 sSms/sample - Toss: 0.3618 - acc: 0.8750 - val_loss: 3.9759 - val_acc: 0.3750
33{60 1 - 13s sSms/sample - Toss: 0.3934 - acc: 0.8417 - val_loss: 3.3614 - val_acc: 0.3750
54{50 ] - 14s 57ms/sample - Tloss: 0.3655 - acc: 0.8542 - val_loss: 2.9671 - val_acc: 0.3750
55{50 ] - 14s 57ms/sample - Tloss: 0.3350 - acc: 0.8875 - val_loss: 3.5810 - val_acc: 0.3750
55{60 ] - 16s 65ms/sample - Tloss: 0.3714 - acc: 0.8750 - val_loss: 3.1107 - val_acc: 0.3750
57{60 ] - 14s 60ms/sample - loss: 0.4015 - acc: 0.8542 - val_loss: 2.9330 - val_acc: 0.3750
58{60 ] - 16s 68ms/sample - Tloss: 0.3598 - acc: 0.8667 - val_loss: 3.3605 - val_acc: 0.3750
59{60 ] - 15s 64ms/sample - Tloss: 0.2649 - acc: 0.9042 - val_loss: 3.5249 - val_acc: 0.3750
SD{GD ] - 15s 62ms/sample - loss: 0.2903 - acc: 0.8875 - val_loss: 3.7352 - val_acc: 0.3750
31{60 ] - 15s 63ms/sample - loss: 0.3160 - acc: 0.8917 - val_loss: 3.9609 - val_acc: 0.3750
32{60 ] - 14s 56ms/sample - loss: 0.2371 - acc: 0.9250 - val_loss: 4.2233 - val_acc: 0.3750
33{60 ] - 13s 56ms/sample - Tloss: 0.2821 - acc: 0.8917 - val_loss: 4.1124 - val_acc: 0.3750
gdfﬁo ] - 13s 55ms/sample - Tloss: 0.2592 - acc: 0.8917 - val_loss: 4.7011 - val_acc: 0.3750
SSJEGD ] - 13s S4ms/sample - Tloss: 0.2272 - acc: 0.9000 - val_loss: 4.9089 - val_acc: 0.3750
gﬁfﬁo ] - 13s 55ms/sample - Tloss: 0.2489 - acc: 0.9083 - val_loss: 3.8795 - val_acc: 0.3750
g?fﬁo ] - 13s 55ms/sample - loss: 0.2239 - acc: 0.9042 - val_loss: 4.2030 - val_acc: 0.3750
E\s{so 1 - 14c Afme /eamnla - Tncc: A 220 - 3rr- N ANR2E - w3l Tace- & AGOA - w3l 3rr-- A 278N
B 4.10 CNN #, 17 42 (35 4)
0,90 - Lo .. .._._...._..o.o......-.'o.o'.“‘.""._“-.'*
o g o - -
0.80 -
P
0.70 q - o
0.60 /
0,504 A
P
0.40 4 f
‘ ' _..........'._ _...........................................
0,20
Loy an il L}
0204
0104
T T T T T T T T T T T Il
5 10 15 20 25 30 35 40 48 50 85
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ID B 4 3f B 7R Predicted_class |Actual

[1] 0.3561002] 0.3230282] 0.3208716 0 0
[2,] 0.3464722] 0.3352493] 0.3182785 0 0
[3.] 0.3569186] 0.3233403 0.319741 0 0
[4,] 0.3433385] 0.3360894] 0.3205721 0 0
[5,] 0.3429779] 0.3362229] 0.3207992 0 0
[6,] 0.3433588] 0.3357966] 0.3208447 0 0
[7.] 0.3444863 0.3369384] 0.3185752 0 0
[8] 0.3527385 0.3272388 0.3200227 0 0
9] 0.3528875 0.3273565 0.3197561 0 0
[10,] 0.3527482] 0.3486309 0.298621 1 0
[11,] 0.355432 0.3276439 0.3169241 1 1
[12,] 0.3479427 0.3636776 0.2883796 2 1
[13,] 0.35251 0.3279145 0.3195754 1 1
[14,] 0.3502978] 0.3337161] 0.3159862 1 1
[15,] 0.3558051] 0.2945804] 0.3396145 0 1
[16,] 0.349043 0.333851 0.317106 1 1
[17] 0.3506584 0.3337793 0.3155622 1 1
[18,] 0.3439835 0.338658 0.3173585 1 1
[19,] 0.3498564] 0.3331829] 0.3169607 1 1
[20,] 0.3388083] 0.3381817 0.32301 1 1
[21,] 0.3501838] 0.3313647] 0.3184514 1 1

W 4.12 77 iR] A S % (354)
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