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ABSTRACT

Numerous construction site accidents have happened around the world in recently
years. According to the Ministry of Labor, the occurrence rate of severe occupational
injury in construction industry is much higher than others. This high risk is primarily
caused by the deficiency of the personal protective equipment (PPE). In this thesis, we
apply to the technique of body detection and object recognition on PPE checking system
to examine whether construction workers are equipped as prescribed or not. As the

result, the rate of construction hazard could be reduced.

There are three parts in our system which including image preprocessing, feature
extraction and recognition. First, videos of workers are taken by an IP camera. Then, the
moving foreground images would be extracted by background subtraction, and the
positions of head and body are located by the height of the foreground image. Lastly,
the Support vector machine (SVM) is utilized to perform classification on the features
which are hue histogram, saturation histogram and local binary pattern (LBP). The
experiment results show the system could effectively recognize the safety hats and

safety vests with the accuracies of 97% and 93%, respectively.

Keywords: clothing recognition, hard hat detection, vest detection, torso proportions
analysis
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Bl 2-11 % ¢ & & NCC ¢ 2z B st & i 4 FI[17]

d R 22117 e F I GRahamApE B EY o & T I - E R AR 2
SEE A AN R TR IR AP - D KW RN S - B AR
R E S RSB o0 § G ET AT A E AN B Rp 0 FF
Pog i AT PG 8 BEL Y s L 50,0201 4 B 0 kL HRAT 4
R AR R F 4 0 B AT N 4e(2.9) 3 (2.13) 9 0 FS=ITH 2L F 4 d o
Bl 2-137 B EE 3% % 3 SoNCCE ¢ i ciid & o
{1 if (N < Quopert) & (N < Quoerz) & (N < Qe ) & (W= 0.0004)

(2.9)

0 otherwise

Quopers = —1.468N, +1.18 (2.10)
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Qupperz = —0.05657N, +0.3756 (2.12)

Qpuer = 0.8458N * —1.183N, +0.6273 (2.12)

w= (N, -0.33)? + (N, —0.33)’ (2.13)

*

# R K ERRIBER RIS
LATE B3 21 & K

Bl 2-12 % ¥y 57 30 % 4 2] ¥R AT

RS BVE R LT N s

Bl 2-13 Ip'p b 4 gk

243 )4

AWM T oD WP FI RIS RHADAEERL o L E Pk
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T Ay §F RRADEEE > d AP F KT vl w3 AR
- R B RGEPEEIR Y 2 0 E P E DR R RS R e g 0 T
B p ot h 2R B E o

BLE- R A b A 2 B FRE A ABERE DS oo
B Y X 2PR RfeA B RDR I AeR] 2-14977 0 Kb A P 1R

\1-

WaER | KA E R D R R AT B o d BEVUFR > 'EF 0

A s R AR AR 0 B B A P R RBRARE » T AP
SRS o SR SR JUECE

o
-

R S FE N

(=]

05
04
{ﬁ 0.3
= 02
01
20 100 120
sﬁmm wa‘;eﬁmlmm@ i&)
B 2-14 sk B2 w5 3 A
B 2-155 L viamt bR 0> SehsF 5RO o B ildy 0 2 R

ERVRESTET RS RECECE TF P LI R RN LN SRVEL I ST E s
(1) Height : =  ~+ % % & -

(Q)Width: % B A # T2 o

(3)HL : g3t & & » 5 0.31% «hHeight

(4 HW : s E A > HL#% 141.2

G)HH : % >3 & > 50358 «hHL
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(6) BL : # < & & » 2.3 #HL
(7)BW : # < F A& > 0.8% ehWidth

1 HH: 0[35°HL

BL:2.3*HL

Height

BW:Width * 0.8

M
-

Width
Bl 2-15 & 2R 0t G| B 4
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. B2 SVM

\H

FHCRR P-4 160 e P &7 R A AR WAl 0 AT BT
GRS D RILE R AL B T LA S HAFE B GUGlobal) & 254 T B
(Local) » & & &P~ fps » 7 4 g i ohi — B ik > blde @ FRP fehd

A

Al ﬂ RIS A3 oenR e | 38 38 (7 B i B o A kSR R

-511\

B2 b Be P fcen= ;4 > W HSV 2 LBP (Local Binary Pattern) 2 = B i® 5 1 & $pc o
7 % d SVM (Support Vector Machine):& (72" 2 & %F o H % %42 8] > 4@ 3-1

AT o

v v

HS histogram LBP histogram

!

SVM3I| 4k

Bl 3-1 FichpP~%2 SVM 2/ 42 B
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31 HSV A4 ¢ $58%

TR EABGET N ¥ AURCGBY 2 B k47 o e RGBS £ X
BUTRR 0 WA RALA kNI o i R T TR T $k MUs 1A AL
HSV & 557 P [18] -

HSVE 25 B > A 8gm 3 e h 3213 > 2 iRgh & i %2 & (Value) = & 54 42
T jpr k@ d LFMR L 5 B (Hue) % & o & (Saturation) -

FAGAPTF RS o ke foR H BB R o RARF RIS T4
ARl EBF R IR EAd cRESEATRIDP R R - B 3-25HSVE 2%
renghhd 3 o HSVZ X B anB m A | o i i £ WD AR ¥ o d 30454
Bl A 3aF 0 RGB k47 » Flt & FRRCGBiE#E# ~HSVE - H &

Jedr 2 54 (3.0) 4 o

(@) HSV ¢ 3§ 12 ] (b) HSV 4t ¢ 45 12 )
Bl 3-2HSV ¢ 45 &

V =max(R,G,B)
_(V-min(R,G,B))

3.1
v (3.1
G-B
(G-B)x60 if V=R
S
B-R)x60
H:1%+——£i— ifV=0G
R-G)x60
2004+ (R=C)¥60 4y g
AFETH RS DR URRR B D R PREL ST FRREE S A ke
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frRiFs A& Fjce

3.2 RIVIFH

-

% & - ~ Bl & (Local Binary Patterns, LBP)[19]%_d Ojala% 4 »%1996+# #% 1} » &_
- B ki BRRA N E A g o Y g ot A ik
TSR A D A ST ETLBPAR I E C AR FER P 2 yERE By
B A avck o

TR CEMHEAFE G EAT o FALRRB RS A L RAERE - B
2 F AP gk, ¥ o wEhs e (threshold)® 2 % F]3x3 % B chifd BEiE (7
Wl o EARITANEE A YRR R o Pl e i1, F 2 PR EIT S0 B 3-3%

S E ) R TE FE - o eldE o T L s LBPEAE -

85 32 26 1 0 0
Threshold l
53 50 10 - 1 0 — 00111000 —» 56
50
60 38 45 1 0 0

B 3-3 & ~:h LBP i# 3

LBP#E 2 &\ 40T @

P-1
LBP(x,,Y,) = > B, -2’ (3.2)
1 g, —g, >0
BP:{ 9p 79 (3.3)
0 lgp _gc <0

#He g FP B (X, Y,) PR FEE PR BB P > RAPHRELD
dosBLeNEEAE 0 g R B0 S BERFIERRDF - PR B2 A E o AT 2
jER=1, P~P=81 82 LBP#ficis » ¥ $ 2° jépattern o i &3+ 5 & — ff % gLLBP

FHCE > f 2 F BLBPHEACE N eh=ifeiv 5 & 2 B> M TS W R
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d b ¥ LT Pk g 8L BP AT A 4 chpattern£ 3 25648 > @ B~k

BLelicP E %< 0 RILBPHEACE it B4 § %% o bl i 5x5 R N § 161 B
Bho & g A 4 2'° = 65536 fEpattern o — A HciE e B S 0 BIE R A R KR

HAXR 0 4 f]%{;hé AP AR LBPHEFACEE SR Vo i LSRR 2
AR e

5 1 fEA-2fA R A > Ojalak ) 7 Uniform pattern[20] k :z 2 Jn 44 & e1LBP -
Uniform pattern® & RKLBP#Ffcie #74 4 08 1877 » & § 07 5 & 8130
£03) 1 % > ]4-:00001111 ~ 10001111 4= 11111111 - 4g s PP BT > %
P=8 - R=1z LBPFg* > uniform patterns:#-i- /s 3 LBP:790% ; % i¢ * P=16 - R=2:LBP
Al iE70% o i€ etk ez - 3 c0LBP patternfd s - 3% % > pattern#ic® d i &
12° % 3 Px(P-1)+3 4 » M 3x3eh% it p  81F B~k 2L 41LBP pattern#ic £ #-d
256"% 1 5944 - # ¢ 584 % uniform patterns > 4B 3-4 - i AL LBP¥® 7 J>tuniform
patternsf] & ¢ fFAT S P - fEAT 0 P00 R F SO Bk 2 T 0L R

=

1
o

o 8RB e R D o At AFT 7+ runfiorm pattern k £ o7 IR i e o
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e %e
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“ "

B 3-4 58f&uniform patterns
3.3 SVM

L BAS21)(SVM) BT & RE P P BE Y g 8 > F ¥ N AIL S A A
F* %2 (Binary classification) » & ® B2 B * > B GhIEBE > AL AR F o0 B 1F
4 5 "3 (training) 2 ¢ i (prediction) & i Ff & > d S SVM BT E A0 § ¥

(Supervised learning)i & iz » #7000 RV RIFEPF 0§ A H e TR R

F_k

it LAY L EY > - BTG (hyperplane) it 2 #g FAL o @ AIERIFS
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Eodoo o 2R PR E AT Bl erAg T G o j\?f%\frm’?#igf—?,é}z;\ﬁ > f:? PR TLTA S

(i3
*’ﬂ%

Sl A ST T FR g s o
331 M SVM

- @3 > SVMA e B R A LB 4E o - ST & 2 (linearly
separable) » ¥ — #g | 5 7 ¥ & (linearly non-separable) - 4= 3 #r& 4 55/
WHMT A E > AN EALRART A HSVM o B BRI 4T o

B AP - 2R TR E{X,y} i=12,..k2 xeR" ~ye{-1+1} - H
Px) s e B o oA (Y A R (label) o AT A ERT 5 AP A
ﬁ?ﬂﬂ’ﬁm—?u%?W%gawfﬁﬁﬁAf@ﬁjmmklm’uﬁﬁ
27 A W-x+b=0 s HPwiATas 2o E bi T EHBE AT 6 HPRFTH

e Ao Bl 3-5574 T o

B 3-542T 5 & % & 7 4, W[22]

BRARGZREY S GETHEFV LG AFFS

B A BT AR AR b AT B o L L (S 8 DB AR 01T A b

ey

TG LAPEES - B

by
it
il

o
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BT VAT AN AEE
Minimize
1,
SIW 3.4
S 1w (3.4)
Subject to
Y (Wex +b)=1 i=12,3..n (3.5)

i 4 # Lagrange mutipliers method & f# ot #* 4% >
1 n
uwmﬂy:jmr—zyq%@w&+m—n (3.6)
i=1

HY oo 5 ¥R x dlagrangedk B> &7 ki@ * Lagrange Fk #ciE 0 T F5%(3.6)

RIS

oL "
—=w-> Y% =0 3.7
ow ;a' Y% 3.7)

oL
—— =2, =0 3.8
I (3.8)

@ 3]

UEDARS (3.9)

i=1
Dy = (3.10)

2 {8 #-539(3.9) ~ A R w N (3.6)F F ¢

L(w,b,a)= %”W”Z _ia‘[Yi (w-x +b)-1]

:%iiaiajyi)h (xi -xj)—iiaia,«yiyj (xi .xj)+ inl 2, (3.11)
- iai _liaiajyiyj (Xi ‘Xj)
i=1 2i,j:1
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F] = Wolfe= =~ 4 (Wolfe dual)# -1 i 38+ 48 5 H 4318 B 38 > 4o #7775 &

Maximum
L(w.b.a) Za_ ;1 @YYy (% %) (3.12)
Subject to
Zn:aiyizo @ >0,i=12,..,n (3.13)

# % = = 3l (quadratic programming, f§ AQP)R 35 o F] 5 (3.5) 5% e 50
F 7 %5 > T Lagrange F #cj LAl 20 o AR P L
Karush-Kuhn-Tucker % 2 (f§ f KKT i) ;ﬁd KKTig 2+ &y F 3V H 2.0
L

a{y, (w-x+b)-1} =0, i=12,3,..,n (3.14)

d vr«r'—} 2, >0m4f§f\§—j-""/,,\w;"i iT® F{]Lbj\‘.ffaﬁ’_vifég alzorﬁa}iﬁé){

¥ & (Support vector) = @ & i A Sl b -

f(x)=zn:yiai(x-xi)+b (3.15)

1 f(X) s § g g2 8nR %k B g yo X b F R RT AT S o
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Fri o RREFEHG

+_—§__€T’ /»éw;'—r;"é ;z‘ i'ﬁ]?ﬂ\ﬁﬂi E-@ii&ﬂ( “;ﬁ,’ jk?g‘_:l‘%-;i"m/i

i

LREREE BH P HRTIEAIRE  FRVRO N R ERE % o

41 FEREARR

i ¥ 17 AT AR 8 % 4 feIntel Core i5-2557M 1.7GHz 2 2 4GBshis {dl » i+
¥k iiMac OS X 109 @ * % B ehfz;8 252 % Python 2784 » & 7 % &
OpenCV 1 2 [ 4 AT i= % (79 % 3 #LIBSVM[8] - ¢ % ¥ i % /& 5 IPUX 1CS1330
R BT (IPCAM)* 3 % 3 “r4p #en® > R4 A& 5 320x2405hif % & (v 5 &
Borol o R F LA LR (frame) FHRP S A AR - H B BEFE
FEEZRBRFLDERT Ao FHRET Y ORI B A T e d

I rHEIEFCLA X 2L L F R ES Ao 410 a1 F R

F R S FRSET R FRFERP o doB 42977 o

Bl 416 - F% 2k
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Bl a2 § 2%« FL1sd s
42 P :b? %ﬁ/ 1

N NN S ¥ Ja)eo R VB A E’,',El‘:’
AT TR ARG AR B AR B A T % e

; N R
AR FN Tgaipr g~ gFfe iz agfoe ~Tai1es
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Bl 45 @18 % 2h G F 2 jo b
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Bl 4-6F 13 % 2~ 5 w2 b

43 SVM '3

AR AR SVMeaTR R o — ¥%/ d googlef] ¢ AOF 1 2 2 A R F 2 1A
VoA LR FEAEY YRR AP ¢ 2 R AR ERANZ 2 RS
2 fed s deBA-TI 412457 0 HA R PR S L RHA X G (L F D
» 9 % Rty A 212585 2 211799 ~ F R 4F ¥ kB o £ 369

N

L4 s L BABIE o @ IR RN o & » 41938 2L D iy39258 4 122

~

C2EF 1695k 0 AR HPIRE RIAR okl 41 M IR E RIRRR R

oW R W A

p

=

e

31



Z 41 LR RE RIRE R

200 3R e S
BN 1258 419
ZE >ty 1179 392
%A 369 122
g > 545 169

Bl 4-7 £ % >R

@AE Jaals

Bl 4-8 0 ¢ & >

PN S s [ e T

B 4-9 25% > BUR 1

- g | 7 i

B 4-10 % 6% 4 <2 P
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Bl 4-12 224 o 20 U T

* Mi%l > 2 SVMe ' e HSE = Bl % LBP2 = B - HSE = B 5 2" B’
P #riitdvend 4 2 2 Bl (hue histogram)% 4 f-® = B(saturation histogram) > £
$-r —fﬂz PR ede R o REFoAPLGRBHESE S BAAE A 28516
32 ~64~128 ~ 256 bins - m LBP® = B 2 uniform pattern#ri:z 2 c7LBPE = B it 5 &
Moo AR BCE59 -

20V R AR TR 0 NP U HSE 2 Bl RS a0 BB % ok
- 3 Z ATop o WOF B Bcdp v Av o X 2B IR ATl ok a0 0 1o
train_helmet_data_128 256 - train_helmet_data_256_256 # = 3 # & & fx &
98.767% > # i B~ B #o] e7%— = (Frtrain_helmet_data_128 256 ) - A% > % <
Bo? At dy ko enicd] o train_vest_data_256_16 % train_vest_data_256_1287% # %
96.9012% 2 Fr 5 > fe 3% iR Ar P sE enfic ) A train_vest data 256 128 0 F] 5 gt de i
A1 F & F crprecision> @ P4 iE i F precisionsH i FIE NP2 K F A REFEFF Yo
7 18 % false positived 4 > T FiEm AR E 2 EF AL RE I H > 1B X
AT FBAR A LFE R A 2anA R~ ¢ o0 #702 o raprecision k iF 5
FE e @ 2trecallsn i F) o

BF > ABLBPE 2 BB 423 HSE 2 Bl 18 0 B B % dod ez 2 ke o7
oo RHR PR EFH A X 2P G RNk H A
train_helmet_data 8 128 Ibp . train_helmet_data 64 128 Ibp 3
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train_helmet_data_128_128 lbp- * = 23 ¥ & 3 05 » H recallf-precision- #p
Fe o Vi PLiE R b antrain_helmet_data 8 128 lbp o = > % g2 ifoir ) eh
B3] - train_vest_data_8_128_lbpy ¥ & it & 3 > H M xr 5 97.5945% -

BE- THFEFUHSE 2 BT LB EHo AT 2o BE R A 20128
256F% 3 fdF cng ko @ & > F o et i B E-Hue s G 256 1 & ~ Saturation % 128
MEPFF ORI DRI o RLBPAr 1 > 2%/ 2 A LA > ¥ 18 {rl28
G g F Bk > HEESF L HH T Y HSE S Bk @8 > kAT
HS % & LBP % i 5 # @k » ¥ ¥ 1 train_helmet data 8_128_lbp -

train_vest_data 8 128 lbp » i 5 % Lz F¥Es4icd] o

4.4 K- A

4

ﬁﬂi

5%

kAT ;};z % & STR R HRON 1L AR T i F R S ] AP g

ROIZK B »* R F® » v s> - KT T AP KA T TR AL
R FAARS P EST B F 2 E T B s PRSPPI iR

WEL > RFR B AT TR R I ESR o

ROIHK ¥ 4oW4-13477 > & AINUAF B > X T - FHRMR- 557
1A o BRI|SCAPE A Erd R o § BB ERE . KA E PR ERIE R ¢
Ao EF R IEORE O UTRIAN Fe P AR FG F e & g

zﬁ?gwlafu’ﬁwﬁ’3@%u&5ﬁﬂﬁa$i%ﬁ%§’%ﬁﬂiﬁﬁﬂ

~.

PR AR DE 2P A PG A s d 2R > e R AR TG REBRR T
FEFIE A T TENERE TS FRY o
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4k B AE 0 A EFEELRR

Bl 4-13 4 % & wp

F 2k AR R4 B 14977 0 R iﬁg’?])\ A el R B S o S B B
PR R R aBE P R s BB £ HP R - 1R g Fclosing
b (T AR PP EA ERTE AR R BRFREFREEMAT
REEPTEG Y LG BB ET A R E - B E RS L 0 A
GG RRSTA R EE G 0 BT RS SRR AR e

Fm PSR L 0 1 24804 R BT F R R B
B ORHEBE N S R ML R DR A 0 A B BHSE S F01 2 LBPE -

B~ SVMiE 7 4 4 7 Fied ¥ LT 0% 20002 0 o 0T A R
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Bl 4143 13 ~ § F o pEns

Bl 4-16 @ peft 4 oy 5
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Bl 4-18 H Ak iw t Ep i 88 % > MyEmiE %
A RS R

1) 2% 2>ty

Bl 4-19 & >ty A K 4% R E
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(2) lk-'v’%b&::

Bl 4-20 & > % o A RaEendl ik

4-14% Bl 4-18% 2|97 mrenfiin - B¢ Bl 418+ S st d & 2ty 0 L

FooW kg1 B A ApiEEd T o d AP TR T K G B Bk

TLE IS AU RSB S AR DD LI A LR AR 2R B

b SRR o R 4195 F X 2y BAKRE TS A4 R
DAL 2 RFRIH BRI FNEE cFA20v 2T T2
ko WAL G 2 L iheh I ORJEAE WR]  HR PR TR B PR BLE D
] ood R RO BT PR s BT B R
AR R B KA ABBEEIN G S B PR RRE G 2K I AEh
BJEE - RS i&;gi%st%gﬁ_ﬁw]%fpd AP Rk k@AY 1y = false
positive & # » Tk AT KT - A Fe it T Freng fg»\g;‘:_;rq,? fefi it Fr > Al %
DERH R T UG AR RINR G R R 2R .
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F_&

WEEVAR 4 425 - BRI FE F rnivndl £ Fu[F g A E
Yre R B FLRRARIEER] ) F - F AL A ETIRIR . AR
1 A% 3 5 (Precision) ~ z v % (Recall) % % 52 3 (Accuracy) & i 5 3% f o pl > 4
2 4eN(40) ~ 50 (4.2) ~ R (43)HrT o

3 4-2 R

TR A
SR =]
Positive Negative
Positive True Positive False Positive
Negative False Negative True Negative
Precision = B L (4.1)
(TP+FP)
Recall = _" (4.2)
(TP+FN)
(TP+TN)
Accuracy = (4.3)
(TP+FP+TN +FN)
BT enR Y s Hyeen R ded 4-39757 o
# 43 FERE %
TP FN TN FP Precision  Recall Accuracy
& > 26 2 33 0 1 0.93 0.97
F2xFw 33 4 24 0 1 0.89 0.93
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2. WP TAMHT 18T I @6 F R (o] 51) 0 L7 & BROI
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SVM model H@g |SHE | Precision Recall | Accuracy
97.5728% | 95.9427% | 96.6708%
train_helmet_data_8 8 8 8
(402/412) | (402/419) | (784/811)
94.8837% | 97.3747% | 95.9309%
train_helmet_data 8 16 8 16
(408/430) | (408/419) | (778/811)
98.9975% | 94.2721% | 96.5475%
train_helmet_data 8 32 8 32
(395/399) | (395/419) | (783/811)
98.5185% | 95.2267% | 96.7941%
train_helmet_data 8 64 8 64
(399/405) | (399/419) | (785/811)
99.0172% | 96.1814% | 97.5339%
train_helmet_data 8 128 8 128
(403/407) | (403/419) | (791/811)
99.5122% | 97.3747% | 98.397%
train_helmet_data 8 256 8 256
(408/410) | (408/419) | (798/811)
98.7469% | 94.0334% | 96.3009%
train_helmet_data 16 8 16 8
(394/399) | (394/419) | (781/811)
99.2593% | 95.9427% | 97.5339%
train_helmet_data 16 16 16 16
(402/405) | (402/419) | (791/811)
99.505% | 95.9427% | 97.6572%
train_helmet_data 16 32 16 32
(402/404) | (402/419) | (792/811)
train_helmet_data_16_64 16 64 99.0099% | 95.4654% | 97.164%
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(400/404) | (400/419) | (788/811)

99.5074% 96.42% | 97.9038%
train_helmet_data_16_128 16 128

(404/406) | (404/419) | (794/811)

99.511% 97.136% | 98.2737%
train_helmet_data_16_256 16 256

(407/409) | (407/419) | (797/811)

98.7593% | 94.9881% | 96.7941%

train_helmet_data 32 8 32 8

(398/403) | (398/419) | (785/811)

98.5366% 96.42% | 97.4106%
train_helmet_data_32_16 32 16

(404/410) | (404/419) | (790/811)

99.5062% | 96.1814% | 97.7805%
train_helmet_data_32_ 32 32 32

(403/405) | (403/419) | (793/811)

99.0099% | 95.4654% | 97.164%
train_helmet_data_32_ 64 32 64

(400/404) | (400/419) | (788/811)

99.2647% | 96.6587% | 97.9038%
train_helmet_data_32_ 128 32 128

(405/408) | (405/419) | (794/811)

99.0244% | 96.8974% | 97.9038%
train_helmet_data_32_ 256 32 256

(406/410) | (406/419) | (794/811)

99.511% 97.136% | 98.2737%

train_helmet_data 64 8 64 8

(407/409) | (407/419) | (797/811)

99.7537% | 96.6587% | 98.1504%
train_helmet_data 64 16 64 16

(405/406) | (405/419) | (796/811)

99.5037% | 95.7041% | 97.5339%
train_helmet_data 64 32 64 32

(401/403) | (401/419) | (791/811)
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100% 96.1814% | 98.0271%

train_helmet_data_64 64 64 64
(403/403) | (403/419) | (795/811)
100% 96.42% | 98.1504%

train_helmet_data_64 128 64 128
(404/404) | (404/419) | (796/811)
99.7537% | 96.6587% | 98.1504%

train_helmet_data_64 256 64 256
(405/406) | (405/419) | (796/811)
99.5086% | 96.6587% | 98.0271%

train_helmet_data 128 8 128 8

(405/407) | (405/419) | (795/811)
99.7543% | 96.8974% | 98.2737%

train_helmet_data 128 16 128 16
(406/407) | (406/419) | (797/811)
100% 97.136% | 98.5203%

train_helmet_data 128 32 128 32
(407/407) | (407/419) | (799/811)
100% 96.8974% | 98.397%

train_helmet_data_128 64 128 64
(406/406) | (406/419) | (798/811)
train_helmet_data_128 12 100% 96.42% | 98.1504%

128 128
8 (404/404) | (404/419) | (796/811)
train_helmet_data_128 25 100% 97.6134% | 98.767%

128 256
6 (409/409) | (409/419) | (801/811)
99.511% 97.136% | 98.2737%

train_helmet_data 256 8 256 8

(407/409) | (407/419) | (797/811)
99.7561% | 97.6134% | 98.6436%

train_helmet_data 256 16 256 16
(409/410) | (409/419) | (800/811)
train_helmet_data_256_32 256 32 100% 97.136% | 98.5203%
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(407/407) | (407/419) | (799/811)

100% 97.136% | 98.5203%
train_helmet_data_256 64 256 64

(407/407) | (407/419) | (799/811)

train_helmet_data 256 12 100% 96.1814% | 98.0271%
256 128

8 (403/403) | (403/419) | (795/811)

train_helmet_data_256_25 100% 97.6134% | 98.767%
256 256

6 (409/409) | (409/419) | (801/811)
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SVM model H@g |SHAE | Precision Recall | Accuracy
95.7983% | 93.4426% | 95.5326%

train_vest data 8 8 8 8
(114/119) | (114/122) | (278/291)
95.0413% | 94.2623% | 95.5326%

train_vest data 8 16 8 16
(115/121) | (115/122) | (278/291)
93.4959% | 94.2623% | 94.8454%

train_vest_data 8 32 8 32
(115/123) | (115/122) | (276/291)
95.122% | 95.9016% | 96.2199%

train_vest data 8 64 8 64
(117/123) | (117/122) | (280/291)
94.2149% | 93.4426% | 94.8454%

train_vest data 8 128 8 128
(114/121) | (114/122) | (276/291)
93.6% 95.9016% | 95.5326%

train_vest data 8 256 8 256
(117/125) | (117/122) | (278/291)
93.4426% | 93.4426% | 94.5017%

train_vest data 16 8 16 8
(114/122) | (114/122) | (275/291)
94.1667% 92.623% | 94.5017%

train_vest data 16 16 16 16
(113/120) | (113/122) | (275/291)
94.1667% 92.623% | 94.5017%

train_vest data 16 32 16 32
(113/120) | (113/122) | (275/291)
train_vest_data_16 64 16 64 94.3089% 95.082% | 95.5326%
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(116/123) (116/122) | (278/291)
95.082% 95.082% | 95.8763%

train_vest data_16 128 16 128
(116/122) (116/122) | (279/291)
94.2623% | 94.2623% | 95.189%

train_vest_data_16 256 16 256
(115/122) | (115/122) | (277/291)
95.082% 95.082% | 95.8763%

train_vest data 32 8 32 8

(116/122) (116/122) | (279/291)
95% 93.4426% | 95.189%

train_vest data 32 16 32 16
(114/120) (114/122) | (277/291)
95% 93.4426% | 95.189%

train_vest data 32 32 32 32
(114/120) | (114/122) | (277/291)
94.3089% 95.082% | 95.5326%

train_vest data 32 64 32 64
(116/123) (116/122) | (278/291)
94.3089% 95.082% | 95.5326%

train_vest data 32 128 32 128
(116/123) (116/122) | (278/291)
93.5484% 95.082% | 95.189%

train_vest data 32 256 32 256
(116/124) (116/122) | (277/291)
95.8333% | 94.2623% | 95.8763%

train_vest data 64 8 64 8

(115/120) (115/122) | (279/291)
96.5517% | 91.8033% | 95.189%

train_vest _data 64 16 64 16
(112/116) (112/122) | (277/291)
96.4912% | 90.1639% | 94.5017%

train_vest data 64 32 64 32
(110/114) (110/122) | (275/291)
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95.082% 95.082% | 95.8763%
train_vest_data_64 64 64 64
(116/122) (116/122) | (279/291)
95.122% 95.9016% | 96.2199%
train_vest_data_64 128 64 128
(117/123) (117/122) | (280/291)
93.5484% 95.082% | 95.189%
train_vest_data_64 256 64 256
(116/124) (116/122) | (277/291)
97.3913% | 91.8033% | 95.5326%
train_vest data 128 8 128 8
(112/115) (112/122) | (278/291)
96.6667% 95.082% | 96.5636%
train_vest data 128 16 128 16
(116/120) (116/122) | (281/291)
95.8678% 95.082% | 96.2199%
train_vest data 128 32 128 32
(116/121) (116/122) | (280/291)
95.9016% | 95.9016% | 96.5636%
train_vest_data 128 64 128 64
(117/122) (117/122) | (281/291)
96.6942% | 95.9016% | 96.9072%
train_vest data 128 128 128 128
(117/121) (117/122) | (282/291)
93.6508% | 96.7213% | 95.8763%
train_vest_data 128 256 128 256
(118/126) (118/122) | (279/291)
97.4576% | 94.2623% | 96.5636%
train_vest _data 256 8 256 8
(115/118) (115/122) | (281/291)
97.479% 95.082% | 96.9072%
train_vest_data 256 16 256 16
(116/119) (116/122) | (282/291)
train_vest_data 256 32 256 32 96.6942% | 95.9016% | 96.9072%
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(117/121) (117/122) | (282/291)

96.6667% 95.082% | 96.5636%
train_vest_data_256_64 256 64

(116/120) (116/122) | (281/291)

95.935% 96.7213% | 96.9072%
train_vest_data_256_128 256 128

(118/123) (118/122) | (282/291)

94.4444% 97.541% | 96.5636%
train_vest data 256 256 256 256

(119/126) (119/122) | (281/291)
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SVM model H@g | SHBAE | Precision Recall Accuracy
train_helmet_data_8_8_Ib 99.7602% | 99.284% | 99.5068%
D ’ ° (416/417) | (416/419) | (807/811)
train_helmet_data_8_16 | 99.7602% | 99.284% | 99.5068%
bp ’ 0 (416/417) | (416/419) | (807/811)
train_helmet_data_8 32_| 99.5204% | 99.0453% | 99.2602%
bp ’ ¥ (415/417) | (415/419) | (805/811)
train_helmet_data_8 64 | 99.759% | 98.8067% | 99.2602%
bp ’ o (414/415) | (414/419) | (805/811)
train_helmet_data_8_128_ 99.7608% | 99.5227% | 99.6301%
Ibp ’ 120 (417/418) | (417/419) | (808/811)
train_helmet_data 8 256 99.5227% | 99.5227% | 99.5068%
Ibp ’ 70 (417/419) | (417/419) | (807/811)
train_helmet_data 16 8 | 99.7596% | 99.0453% | 99.3835%
bp . ° (415/416) | (415/419) | (806/811)
train_helmet_data 16 16 99.7596% | 99.0453% | 99.3835%
Ibp 0 . (415/416) | (415/419) | (806/811)
train_helmet_data 16 32_ 99.7596% | 99.0453% | 99.3835%
Ibp 0 ¥ (415/416) | (415/419) | (806/811)
train_helmet_data 16 64 16 64 99.7602% | 99.284% | 99.5068%
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Ibp (416/417) | (416/419) | (807/811)

train_helmet_data 16 128 99.7602% | 99.284% | 99.5068%
16 128

_lbp (416/417) | (416/419) | (807/811)

train_helmet_data_ 16 256 99.7602% | 99.284% | 99.5068%
16 256

_Ibp (416/417) | (416/419) | (807/811)

train_helmet_data_32_8 | 99.7596% | 99.0453% | 99.3835%

32 8

bp (415/416) | (415/419) | (806/811)

train_helmet_data_32_16_ 99.2806% | 98.8067% | 99.0136%
32 16

Ibp (414/417) | (414/419) | (803/811)

train_helmet_data_32_32_ 99.2788% | 98.568% | 98.8903%
32 32

Ibp (413/416) | (413/419) | (802/811)

train_helmet_data_32_64_ 99.7596% | 99.0453% | 99.3835%
32 64

Ibp (415/416) | (415/419) | (806/811)

train_helmet_data_32_128 99.7585% | 98.568% | 99.1369%
32 128

_lbp (413/414) | (413/419) | (804/811)

train_helmet_data_32_256 99.7602% | 99.284% | 99.5068%
32 256

_lbp (416/417) | (416/419) | (807/811)

train_helmet_data_64 8 | 99.7602% | 99.284% | 99.5068%

64 8

bp (416/417) | (416/419) | (807/811)

train_helmet_data 64 16 _ 99.7602% | 99.284% | 99.5068%
64 16

Ibp (416/417) | (416/419) | (807/811)

train_helmet_data_64 32_ 99.2823% | 99.0453% | 99.1369%
64 32

Ibp (415/418) | (415/419) | (804/811)
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train_helmet_data_64 64 99.7602% | 99.284% | 99.5068%
64 64

Ibp (416/417) | (416/419) | (807/811)

train_helmet_data 64 128 99.7608% | 99.5227% | 99.6301%
64 128

_lbp (417/418) | (417/419) | (808/811)

train_helmet_data_64 256 99.7602% | 99.284% | 99.5068%
64 256

_Ibp (416/417) | (416/419) | (807/811)

train_helmet_data_128 8 99.759% | 98.8067% | 99.2602%

128 8

Ibp (414/415) | (414/419) | (805/811)

train_helmet_data_128 16 99.7602% | 99.284% | 99.5068%
128 16

_Ibp (416/417) | (416/419) | (807/811)

train_helmet_data_128 32 99.7602% | 99.284% | 99.5068%
128 32

_Ibp (416/417) | (416/419) | (807/811)

train_helmet_data_128 64 99.284% | 99.284% | 99.2602%
128 64

_Ibp (416/419) | (416/419) | (805/811)

train_helmet_data_128 12 99.7608% | 99.5227% | 99.6301%
128 128

8 Ibp (417/418) | (417/419) | (808/811)

train_helmet_data_128 25 99.0431% | 98.8067% | 98.8903%
128 256

6_Ibp (414/418) | (414/419) | (802/811)

train_helmet_data 256 8 99.7579% | 98.3294% | 99.0136%

256 8

Ibp (412/413) | (412/419) | (803/811)

train_helmet_data_256_16 99.5204% | 99.0453% | 99.2602%
256 16

_lbp (415/417) | (415/419) | (805/811)

train_helmet_data_256_32 256 32 99.5204% | 99.0453% | 99.2602%
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_lbp (415/417) | (415/419) | (805/811)

train_helmet_data 256 64 99.0499% | 99.5227% | 99.2602%
256 64

_lbp (417/421) | (417/419) | (805/811)

train_helmet_data 256 12 99.5227% | 99.5227% | 99.5068%
256 128

8 Ibp (417/419) | (417/419) | (807/811)

train_helmet_data_256_25 99.5227% | 99.5227% | 99.5068%
256 256

6_Ibp (417/419) | (417/419) | (807/811)
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SVM model SaA& | Precision Recall Accuracy
)i
96.4602% | 89.3443% | 94.1581%
train_vest_data 8 8 lbp 8 8
(109/113) | (109/122) | (274/291)
94.3089% | 95.082% | 95.5326%
train_vest data 8 16 Ibp 8 16
(116/123) | (116/122) | (278/291)
95.122% | 95.9016% | 96.2199%
train_vest data 8 32 Ibp 8 32
(117/123) | (117/122) | (280/291)
95.122% | 95.9016% | 96.2199%
train_vest data 8 64 lbp 8 64
(117/123) | (117/122) | (280/291)
96.6387% | 94.2623% | 96.2199%
train_vest data 8 128 lbp 8 128
(115/119) | (115/122) | (280/291)
93.6508% | 96.7213% | 95.8763%
train_vest data 8 256 lbp 8 256
(118/126) | (118/122) | (279/291)
95.9016% | 95.9016% | 96.5636%
train_vest data 16 8 lbp 16 8
(117/122) | (117/122) | (281/291)
95.082% | 95.082% | 95.8763%
train_vest data 16 16 lbp 16 16
(116/122) | (116/122) | (279/291)
95.8678% | 95.082% | 96.2199%
train_vest_data_16_32_lbp 16 32
(116/121) | (116/122) | (280/291)
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95.8678% | 95.082% | 96.2199%

train_vest_data_16_64_lbp 16 64
(116/121) | (116/122) | (280/291)
95.8678% | 95.082% | 96.2199%

train_vest_data_16 128 Ibp 16 128
(116/121) | (116/122) | (280/291)
93.6% 95.9016% | 95.5326%

train_vest_data_16 256 Ibp 16 256
(117/125) | (117/122) | (278/291)
95.0413% | 94.2623% | 95.5326%

train_vest _data_32_8 Ibp 32 8

(115/121) | (115/122) | (278/291)
95.082% | 95.082% | 95.8763%

train_vest_data 32 16 _lbp 32 16
(116/122) | (116/122) | (279/291)
96.6387% | 94.2623% | 96.2199%

train_vest_data 32 32 _lbp 32 32
(115/119) | (115/122) | (280/291)
95.8678% | 95.082% | 96.2199%

train_vest_data 32 64 lbp 32 64
(116/121) | (116/122) | (280/291)
95% 93.4426% | 95.189%

train_vest _data 32 128 Ibp 32 128
(114/120) | (114/122) | (277/291)
94.3548% | 95.9016% | 95.8763%

train_vest data 32 256 Ibp 32 256
(117/124) | (117/122) | (279/291)
95.082% | 95.082% | 95.8763%

train_vest data 64 8 lbp 64 8

(116/122) | (116/122) | (279/291)
95.082% | 95.082% | 95.8763%

train_vest _data 64 16 lbp 64 16
(116/122) | (116/122) | (279/291)
train_vest_data 64 32 lbp 64 32 96.6667% | 95.082% | 96.5636%
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(116/120) | (116/122) | (281/291)

95.082% | 95.082% | 95.8763%
train_vest_data_64 64 lbp 64 64

(116/122) | (116/122) | (279/291)

92.6829% | 93.4426% | 94.1581%
train_vest_data_64 128 Ibp 64 128

(114/123) | (114/122)/ | (274/291)

92.8571% | 95.9016% | 95.189%
train_vest_data_64 256 Ibp 64 256

(117/126) | (117/122) | (277/291)

100% 94.2623% | 97.5945%
train_vest_data 128 8 lbp 128 8

(115/115) | (115/122) | (284/291)

99.1379% | 94.2623% | 97.2509%
train_vest _data 128 16 Ibp 128 16

(115/116) | (115/122) | (283/291)

97.4138% | 92.623% | 95.8763%
train_vest _data 128 32 _lbp 128 32

(113/116) | (113/122) | (279/291)

98.2906% | 94.2623% | 96.9072%
train_vest _data 128 64 Ibp 128 64

(115/117) | (115/122) | (282/291)

96.7213% | 96.7213% | 97.2509%
train_vest data 128 128 lbp | 128 128

(118/122) | (118/122) | (283/291)

95.122% | 95.9016% | 96.2199%
train_vest data 128 256 lbp | 128 256

(117/123) | (117/122) | (280/291)

99.1304% | 93.4426% | 96.9072%
train_vest_data 256 8 lbp 256 8

(114/115) | (114/122) | (282/291)

99.1304% | 93.4426% | 96.9072%
train_vest data 256 16 Ibp 256 16

(114/115) | (114/122) | (282/291)
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99.1228% | 92.623% | 96.5636%

train_vest_data_256_32_lbp 256 32
(113/114) | (113/122) | (281/291)
98.2906% | 94.2623% | 96.9072%

train_vest_data_256 64 Ibp 256 64
(115/117) | (115/122) | (282/291)
95.935% | 96.7213% | 96.9072%

train_vest_data 256 _128 lbp | 256 128
(118/123) | (118/122) | (282/291)
95.1613% | 96.7213% | 96.5636%

train_vest_data 256 256 lbp | 256 256
(118/124) | (118/122) | (281/291)
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