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1. Support Vector Machine



vy FY_FB (OFAA 500) ¥ o)l FA ol oy § bumo 3 o3l yos ovitpo 9 35 | o) 50d 5 canbiwdzlos .o

Sl Dad (g )0 e 3 Ses (o5 Cln Joe
Ll aLBly laolas

slJoe o Shee Sbs,l 6lp (Y10) oS ¢ o,LoB]
SAD Gy o At J)S @les b platsy Jlop il
ol Glp Camgaian mhaw dw sl pll glasilas Slislas
i 033193 5 (S8 >y iz 9 ) Ay a5 aalllas
(WD C}.la Lng)Lo\)L; as L’>u—| )‘ A ol v g g0 EYN )l
4 00ls dacgerme ;o Slolal plod (gly g (wyws ;o ool
ot Sl SVM giledae slags S cole; S i )90
S L ol st 85 a8 al eolaiwl Slislay coly> Sod
5 Y s s sl s Se) sl slaoe i b
slp a5 ol (i gl g b duliie Vo (9 s o 5951
O miy95d) 0, Slas (lolal Coly ol g i
Wgzg oyl b .cul SVM o Slace 5l yigo duo )0 O dgu> Vo
5850 0,03l 5l e oolaswl e 4y Loy o ile
@ Comd GOl Slelbre gleane s (g5l
Mo ele Jae 5l iy oS g TARY aVaiz gy
5§ il Joa AV slaborair J5S b oloity
Gdiwd g (AYALN) SCids o, oSl Jaw o (LYAS) (oS 5
(259 5 D)led 9) Ol o (bl (xbaw 90
GUdiwd &) Zawd 65GE80 mls JAQY aspe L -
lo @AV oS o

bl Baa L (V-19) Ll K g Chen 5o audod o
o omiile sl o 5l eslaznl b oSusily ez o (5551
390 |y 950 3Cagu 4 (95 5lg ldolay allu g0 ledol ¢ Loy
(o bl b 5l aeg sle i g wisly 18 adllae
3 eolaiwl b aS ol (e ooy g ads bley Sleogas
G g 2oy L»Mu...g_.)lv\f,..,b S pxio ponal &30
3 S sl sz 5 (RBF) wsS 5,5 L SVM sl o
(sbeee bylyd ol las mls .ol RBF (LS cds 5,
Solai o « AU Dlig pin B8 pan ( cosl W08 5l colatul
V) Jgaz 50 05l euddly colye ol p DY b6 ).uL
ol 0y 1)) gty (! b das e Sladllas 1 IS guimex

Silw e 6‘)‘.’ |) 6&]52.@ o sig, oo ] Sladlas
San b 6,50 wlidss o] 5 egdle ailosls 1,5 coliiwl )40
dLmubj) SRS R 9 k.S"L"“’L“"“’ ‘_gla.wb ) as Sy 03 PL"L"
S addlas 0,90 Cliolal ol i 4,0 Jglaie
ot ondle 5 a5 sl ne ol Lo s, ol izd 5

3. Negative binomial models

s (Lo g e oo Jlome Slpomil ¢ ol s a5 ¢ 30 Jad)
Slolar Gals cym (o8lg abaly s (gl Al e (69959
Joe ans codly b Joe Ll Gial38l g arogi sloyeiie
18,5 )18 s S

ol culpo b cuzg Joo =)

RBF (owss b5 @b b olstay jlop oeile Jow =Y

il alya b ) Jao Y

A Cus SVM Joo 0l aseiee ¢ Jdo dw (ol duwslio b
5 oy Slamie om b alaly ors) sl
a3 ge Ol 5 EE 5 S Dyge | aaly sla s
550 Sély g g9 Lulid e wes o plas el
Sy auly so a5 o)l lolay colyz Gl (55, 1 (oto
Wgd oolaiwl Glislal Gl g i

o2l o Shoe il b5yl gz, (Voo A) (]2 g Li
25,5 cwy 2 [y SVM Jae by o dSos 9550 ilolas (5l 5
Slabez 95 sloJow b anslin ;o SVM (sla Jow ols Lias guls
5l (6 eenlia 5 g 0 Shoe T it

4 Sliolas Sl pss 4o |, SVM (Y- + YY) Cheu 4 Yuan
wmas aS0h gl Jae Ll SVM sl oo gzl 5 wopy I8
Slolal Sul s 0 SVM glo Joe <l a5 wis )5 auwlas
i o (Yo - ) o] ¢ Chen (ypioren .ol ooy lis
lp plaiiy o Gedle slaJoe 60,5doe Sl (o) @
Slawlie coale @ axg L asly,, ololay g i
GRS n 5 (A Be e S (So eluln ile e (Bedod
Ay Oy90 b8 Oldllas jo a5 Ll Slislar sbeosls
Can ablio Sliolar Joli aSud plovl 0y 423 )5 )| ,8 - dass
L S Sl yiiles ddbaze ;0 12Y Jlo yo 2l,0l5T L
Ooygel ol b aS o anig MATLAB Jl38le 5 jo 02,651 09
Sl o vgge B Lol sl sanaiws ¢ SVM
adols slpaiion 1) Galizes SVM Juw wiz oS 5 SVM Juws

3 SVM sla Jow 5l cliolay comion 5 Guesd 1 ogdle
Zhou ¢ Ren .ceul ouls eolatwl 8 Slolay Jlol,8 ldlas
olasi Joien 50 A o9, Oleie 4 SVM (YY)
Jedo gl (V+VY) o) 4 Zhibin 60,8 solawl cldolas
ol e colr ool maw my o bl Gal
e (G 5 ek ol b ol (i o
J58le 5 51 SVM Jaw cpnd (gl 5 250, ,I5 4y 1) SVM (sl
SVM Jawo ds duslin b gudod cpl 0 .005,5 oolaiwl LIBSVM
4 S SVM. Joo o5 0l ()Lt gl o oud 5 Samgpy Joe 5



FY-YO ((0¥AA 300) ¥ o)leds FR ulo o) duxo g oyl joe o dy il [yl g GML.»‘\"? .0 YA

Min(w.w) + CY;el,¥8 = 0 ")

st yi[(w.x)+b]l=1—¢, Vg =0 %)

adl> (p St b azbo gl SO basio pl ol Gl 5o
Dl oo 4Ll Algy 00iiSTaz azmio pl lsie 4545 0 )15 3929
@ a5 09d oo Craand Slandl> lals 4 az g b azbo pl oyl
Mo Geile o o8l 05 g0 alaS Loy Hloy bajloy (ol
abaly jo 0 Ll o g0 Cudgasme (28,5 Lai o L (Y) alayl, Loy
oS ((F) abal)) Ban mb il ;0 a5 0 age |, (D)
5 ol Slogy sl odle 4 ambo )l ulps a5 oS
ol b amin pl gomaiws Jwwyd ((F) aaly) Codgame
Sl & glax

ooliinl b ol 13, ST 098 Lyl i a5 cpl @ a g b
wlioe 5055 o0 4 alies cnl 5ISY 3, 5

N N
1
W@=) ai-3) aagyy(hGhG) @)
i ij
s ¥ 61-““""‘.."3‘-\7‘-" J.AL..; as
N
Z a;yi = 0 (;)
i
0<a;<C )
il 35 O ygo 4y 00iS oz dsas pl aoles 4
N
®
G =) aiCh(x), b))
i=1

81 i |y h(X) o3 S b ol L

K(xi,%) = (h(x), h(x) )

anaies QLS » plee S @b b calple
Y+ ),Kar g Chen) o433l

S58le 5 4o libsvm aws ;0 RBF ()5 5l aslllas ol o

aayly, Sygo 4 J5)S ol el 0sis eolazw! Matlab 2015b

K(xi,xj) = exp(—y|xi — x]-|2) ()

ools b0 -F
Slools Sliolay Jolis asllas ! 50 solaiwl 5,50 e
w8 Olekal) sl can  Sadl; oleialy oje> ;0 ead ool
oS atlyon (Qlwio> 9 Olhisle (ple S (o Glal o038

S¥ezm 9 Vb 20 5l (S ) s adlee lidy
SOk 50 SVM) slaiy Jloy cpdle o omac 4l sla Jos
Oeiile Jaw by olias @Lu QUEC NS Mb@ Slolas .
b Jow ;S0 b awslie 0 RBF owsS 5,5 LSVM ylociy lo

.C».w‘)‘o)e:iﬁ 6).:).|5g.,~30)| a)‘}o.(b

S3lwde 295 9 5 (Glao Y

S5 (WWAY ( Slaey) (SVM) olociy oy opiile Jow
5 sonaieh Jls > sl 45 col s0002 b (gl Jore
bapiyosl (nl 4 borye (51 Jgol ol 00l @il (e )5
BUPS CRERSURE oW 6)1-‘;‘ S50k e y0 Sl )
el o a5 el o 555 slap )il a5 LB sla g
olid 0g> 5l assls slal 4 cond I, sawlus zd 950
009l oaims Sis a5 SVolre g pudlae dalol o aues ol
3 o3l Gl e o aSical ond @) aues ey ,651 o)
Seboe a5 4 Ji g Joo Slalllas lize glaaix
—aids Jlas Jo sl 505 cad 5 SVM Joe a5 b )lgs oo
Colyr Sad giledoe slp ol 5 ol onl o o ls o
(YVY ),Ken ¢ Zhibin) o 5 solatul Slislas

5ol a5 ol ooy oy oadle 25
b s b 5,5 aneS ez lezr 50 5 )b
o glasans ol 0,5 Ty bl 5 w68 ol sl ool
Aoy (gamaiws olbil a5 solacl alold WS’ oo (rw c00isS
S aaS ) el 0 b

(> (9P Colr Dol mhuw 93 iyl 4 4z L
degaze Do & (650l sleesls gunaius alies lp
g g0 B yas (V) abai,

(x1;}’1);--- ;(xi!yi)'yi E_l;l (\)

ool pl T 00 odalive diges (glp Ba uite Yy oy 0 aS
Slolay gl gy =1 ¢ J98 Sbolay gly a5 098 0 2,8
Jop X dgdioe 2P pwizmes Swl Y=l JSednd
Sl pl T 00l oualiv diged sl oy slo o
bad yo glazmiopl (2 Jlis 4 plaitin Sl opile
odls (s, K o prudy b i olaswi ) cwl g n
S99 Sliolar atws g0 a1y bjgal sloesls 4 g7 4y (ol
@b 45 WS (oo (rw Gl )3 edile S e (> 52
o S b & wl |, f(a0) € f(X,0) ais
2Dy & asio pl plaolus by = f(x) &b 5l uess

flx,a) = (wg.x)+ b )



ya FY-YO (0¥ 500) ¥ o)lods £ uls cConn ) dxo g o) poe (oo a1 306 [ o]y 00 g (codwasles o

Bolai o135 2 50 ool Cad Oledbl -)-F

- Bolal jo yade oadl) e Silo piie cpl ey pw @
0% (gwyy2 Slallas )‘l Gl yo 0aiily g ooly ple s il
Ol o)l sl oad 00ys Alig ke S O jgo Ay i
ool a8 anal asly clbolay coly> Gul 5 Jglaie o
sla)ld) ooz QUlF 05z ool Sluep Wl e
a2 gi BB ey g ple sl (comr - (05 £ g (eloix]
oiily yaw (gadiws (Y- F) ol Ken ¢ Demetriades .ol
O ‘S:LQ)L..!A 6[....4» » as QLQ,«..W..J U"‘ L) cilosls \)lw& ‘)
o..\.:_ﬂ) w—‘s..bo &L 9 Lscw\ Lng)L';_é) e G’L"y
Jlo V8 51 35S atws gy 50 0l o Sl a8 8y O g0
VY 5l 5,0 g JL YR L OO (JLs OF B YD JL YF L VP
S5 s S Lo

Wi oo 98 Jad j0 4 jeblen  Sogllilys 3 Siws @
ol s e 3G saily o Shes 5 Soglloles 5 (Sins
0D uLu oAJJ‘) ul.uo}.a.‘> )| é o.\.»..Suu)Ju 0‘9""" L o
GG LB e 50 adss blug e o iilone Cas s 5l ass @
5 oal od Slolay I plas e o ol Bolas Sal o
DD S ),_,b oS gyl L i o Sl onis
S (1 p 361 00 Lo eyl ol s oy T ool 5l aS
S Sy e eole 4 az g b adl ol e oy
BB ol 7 (e o Jow jo Wosls yal

Gt ) S 9995 £95 &S (nl @ axgi Liigoes gg5 @
@y g 095 ol Slislas ol oy o 138,50 Jelse
Q4 Wlgi o0 9095 yes i wiz e aileads SIS lie g 4y
A edlil 850 T o a8 IS 4 (55108 5l (sikeme olsie
inled (V) Jgdz 055 99290 osls o Shg cpl 0,5
0,50 Sliolas jlel jo il adis flwg jga> 5l oy

R ey

wliolay o ilie sy oe5 WIS &S yLino w0 ys =Y Jou

0108 Solss (595055
N IS 5550
VWITA Osels
VY s
13y osly ol
VA0 sl
JI¥Y aily ol

</ 09

legomme 45 0,55 oo 5,3 L, ¥ 1TAY) alls oo e o3l
o Slolas 5l plaS ye 00l oo Bolal camlivne TV Lol
5 gorxe Slass wdolai g485 oy plas (SNl (59l on
2970 £95 ¢ pade 00ll) (i Bolal Clle ¢ paie dliws £oi nlS
moads ools aled (V) Jguzr ;0 o5 ablse (2lsm g ol Ll
L oy olass Djgo a4 O )lus g4 00ls dcgazme (] jo il
S50 (Sledbl SSLjo cwl ouds cd lii e o S8
dlaws atws g0 LB o i (Swudcamw! aalllas
S ol @ arg b ol oad Sd (Bgte 5 zg e Gl e
= e bl Slolay uls Al ais ¢ wil8 g0 (guisaiws i,
Bola oS IS Condy it (Sadcl D0d (05
gl o Slslad il oe 5 (o p OB W 05 (o0 Gl )
o pelR ) Oldiye SESS (qwyp & S SIS SV
&S

Sl SuB GG G ol 5y 0l
Sl Golad Gads euisS asiin jlae lee 4 lecis e
Sbola)) > > Slolal mlaw 50 10 «OBolal i 45 9 0
TR e 905 (o0 (e o Sy Jilaz Coliz 4y e oS
oS Sbolay) Jg8 wliolar g (Wgid Dgd yliid s 3l plas
B3 pen (93,5 oo iy S Jrom g8 &y ke

Sl o onls aod Dliolar celes 51 IS (g bl (V) Jgo
aS Syeo s dwd e lis Al ez e b |y Sledlbl
ol Js oy 1) oy Bolal plp o 98 Bolay slaws
5o Olslai S olass 5l 04 so cdnlive a5 gl len a5 o
Ol sl oy a3l 5 g8 ol VAYE slaw V¥4 L
Sz 0,90 ,0 oad cod Slolay S slasy IS job 4y 000 0
Sl (a1 48 ool ol $FYA L iy il i oy Lo
oo, VY sgas Jhle 4 Gad Ggd 4y i Bolas £APY
ol il e (mam doye AT g g8 end ol ol
loads 9,50 OV < OY g atiS AT a4y jouie Sliolas

JS (sl ood o wlislar g5 byl bl -) Jsos

Olew! cén wloalin

Slslas slaas t599"" 9y Slows

Ju ] .
5 >z &9 (@ By

yya. AY- - FAVE VAYE V-£9) Yf.#

AR - AQY ANYS Y-fv \YPrf YEAS

\yay ARRRR A7 \Yey \yaye VYo

\yay V- VYY av-o VoYY AARANI Y-AY




FY-YO (0¥ 50L) ¥ o )bl FA ule o) dumo g oyl o (oo 4 386 [ )02 g (conkwaslgs 0 ¥

SilwJowe -0

eoor leidy o poedle @yl sl adlae cnl s
ools giloJow g wliolal ol i 5 S50 Julss
@ 4295 b ol oe By (eaalS 5 (5)low slog)3s5 ige
FyS 5l eolanl Gudzd cpl pgd Crand [0 0als o dlas
O o)lgen plaitdy lop (edle 3leJoe ;3 RBF (csS
5 Aghayan V)0 ) ISan 5 Dong) <ol ools 3lyl 1) b
A od )5 4 gilwJow o LS I (YN0 ) Ken

3,90 SleMbl a5 sl 0als dlgin SVM Juw el (6l
F&;‘.’)Lgcl Poas § gl am atws 4w LB o ool
29l o0 o Jol Jise Sledlbl julwly Jow Qg s
el 5 el Sz o e Atws Sledbl (e (3554
mebas Sldas ol plosl 5l Bar 05, oo 5 w0 9 € ol ol
ths (n 5pS 0ad 3oy Jao & Sl (590 0 Sl 0
pow (yidu Oledbl 5l oolawl b Lules 9 ail axils |, (Sew
Ol Cad 0,8 o 8w el 0590 00l Sy, Jow
(390l Cag osls o ,0 Ve aS Cl &g opl 4 (gaiuaws
Slael jo bools [0 as )0 10 g el Cqe ools vusy0 10

g o oolainl i

wlbolal wals glasiy Hlop il Joo V-0
S )59 g0

-l gige a5 Slolal 4y by po (sdosls ol 5o
SVM oi,s3dl & Joe il gz ol jga> o] o la
al> o 50 o 00ld hjgel bools o yd Vo b Joe o B yme
el GlaisS @ 0 5 € ol cal o (glaSed iy, 4 wias
A polie a5 am0 &l 1) (S gllaz 3 3505 Joe a5 250l
Bals el cws 4V F 5 oV Lol o5 40 5 € gllan
o el (339 45wl (LSS 0ulS ganaitns azio pl Jls 5
Lol o ool ioled (F) Jgu

Al by jga> yeaie Cute S (V) Jour 4 axgi b
il (i el by 5 45 wns o o5 hgy (K
Sl ) Sy 55 g0 SlBolas jo Bolal ol >  Sasscaml
)55 1 O3l b S j5ige (Bolad jo ST ke 4 v e
Orized 8 58 0 DgB (gl 4y Bolal al orie Jlis| WS
oot 3 Sedan (s o 455 Ay 3 e e
# ey Sul (gl adi bley jpax a5 wiS e
A3 o ]38l (6 5790 Dliolas

6. Validate

hae,s B0 5l i 1o 0sd g0 cdlie a5 job len
e | ALl jea> (6 g (59,095 0ids cud Dlolas
slas, o dlaws Bl 3l baygelS 5 cdSaw 5550 lsolas
IR AR X
py8 y0 oad b Dledbl ogs dgdte 4 1 pews Dliogas @
Ol o el s £g5 ool 4y sl Jule Lpas clbBolay ous
Awd dw 4 Heply ey lawgd e g8 (gamaiws osld
S 0 ol g, 5 (3 sl

o So55ly Jre 03 el b layel )l eizren
e el 9975 9 03l ple 929 ol (LB 9529 0 )93 2
SErre Jias pie plgie 4 plgi e &5 A gla )y
o,5
hloos LT a8 el nl Sl oo (al 0,95 5l (Ss55l5 @
Ailoads s55lg Jloos Bolay jo jol> adss
alisg oS Conl cmbg oaims lid e (plicol b og>g @
QS 0 ye5 ol 4 Bolad o SO b Al
a8 Cel b eaisS Ly i ol eoly e jpa> @
bl anily jgas ooly ple Bolas
Bolas jo aF col Sl oaisS Lo pitio cpliygmelS g @
Al AL ghm yeaelS

L yutiio £33 9 pU (I 2o =T Jouor

e

QM:
Syl Sl
999> &9
Is2 5 <l
)

o & Il

SUSL o i
C){?Jy})agﬁ)}

asgion Joo 5l joee
Ay J55 50 2llgs pas
sl 4 4z pae
I e
Jsb alols cule poe

Wooly asbioy ] ¥ oole ik
o alijlme Ce ps 5l o
S5l
ol (o8 3929
ooly ylo jpa>
O B aly g2

T\ || T T{T|T | T T|E ||| TT T\

4. Train
5. Test



) fFY-vo b(‘YliA )-Hb) Y c)l.o.{b Fa -.\.1’ ‘u.m.a) M 9 o';.o.c GM:W 4..’).«.0 / Q‘)m 9 GA.J.«)A"” L

-0 Ol (more74 4055 dess16) cassl) cpw it ol o

ol Jliol JLuVE oYh g JLu V8 5 dw e, 90 j0 auS

m oo &S el g (Lo 00 5l S o b a4 cos
o;ubwd‘fsua ‘)@LWWQ|93

69095 wliolai wal ylascdy 10 9 ciibo Joo -Y-0
g
o] 50 &)law G9y095 a5 Sbolas 4 by e slassls
Lxol jo aiads eolaiwl SVM Jaw cole cgz aiily jga>
b e al o 0 0 00ld 53900 Waosls suo o Vo by o 5
Sl ol o (laSiils g,y 4y g Slalice o0 10 3l solasul
oXle Bl o 0 VO 3lad e Ve b o g e /0L pl,C
oy el «0) Jgao s ooliiwl o Lasl cge Sledlbl

A3 oo lid 1) oaiiS gandiis asio

Ololai SVM Juw o Jiuo g o (139 -0 Jgo

Solgw 53,095

i o A8 plebl o3y
Pedestrian VYYD \FIR-Y \4/8Y -
hgv YYIVVY YYIYEA AVARE
MTL ARTARIA Yy/Fa. YY/AY -
SM -A-Y¥ =YIVYY =V/- ¥\
TAS YYIg. 8 YY/N\PY YFNY-.
DCD -ANY -AAYY -AIY-Y
CRR AAYY AIYY - a/feyY
SR AOOA Y/ vy bItPY
N --[7¥Y -/ %Y 2N
MW YIVY OIYYY #1720
BW BANAR -\/fay — /7
Less16 RS -4/-) -£1079
to24 -f/AY -Y/-¥4 -0/f-Y
to55 -#IAYA -#IVY -flary
more74 AIYOA Y/AYY /YA
bias ALY —+IA-Y EAARE

aS wiS o obe Pedestrian g, (0) Joox 4 a>g5 L

Sad e Gl je a5l elge 5 eoly ple jea>
Slosl> o Slslas o 31 ol 8,50 Golas ol >
L GBolas ol il axsls jpas ooly ple 5 lgm slag 055
Lhgy oo (Bib jlogdoe D98 4 pomie (5 e Jleio]
i bl jpa maiies 55 sates las Coze cadle
b 6)low slagyoes lislas coly> Gud mhaw jo (S
Om slooslz 5o ST cunlins ol cnl el oS adss Lol

axdy )5 4 b polyly (39 <o o g L puutiio —F Jgur

e S 720 olaebl o5L
hgv Y¥/-YY YY/OY) YE/XA
Sedan APARR Y/ave AR
MTL Ni2Ye Ve IAAY )
SM -YIYVYY -Y/a) _YIYAS

S FINY OIADY FION-
SR O/FA- FIVE- oy

D SVIVY- _¥IYYA )
SS -¥/-4) —FY0 ¥/50-
RW =VIY. - =VIVY - _V/-YY
Less16 -YIFVY -Y/fYY _Y/IAYY
to55 AR -AIVD - -V/a0-.
more74 -Y/A- VA-A Y/#A-
bias -+\Y -+\YY — I\

o 039 Rl &S Sl Al (nl Slo G pS 99
el Sad Gl Bl (cdSa  gige 4 gy e Slolas jo adss
Sl o o) Golas

Nloo o MTL o 4 Bl ol e oo 5l a5 (gl asess
4l Jlog plo 5 S jgige G (Solai ST a5 col
Solas U”‘ VLJO 9 a8l dLO.I‘ of.c 9 A.».lau’.wl.w ‘6)‘5’“ ausle
Jlozol sl (S 550 5of) el alonsy ()] oz 4y Bl
o (rizme b oo Gl Bolal (nl Gad (S8 4 e
olid &8 > slael o SM GLSL oS o 4 bogy o it ae
225 &5 4l hlug plo g CdSn 9550 o (Solas S1aas o0
e ads aws JWSL oS> Golas Lo ol ye S
o ol ol s Ogb 4y yzeie Jlais] aly cdSs gige
sy | (oSS e o p5 09, 00 AT AT el len 05 o
Slas Lo pl 4 el col iz ] Groliél 5l S S sl
520 5le ey 5l ase Bolas o (il y5i g0 Bolas o
Wl oo sl Bolas o g8 Jloixt ail adss Loy

Jleszl i jo5 golb loy j0 a5 was o LW SR g o
oWl s 09 12 D8 A Sl 590 Dliolas a5yl
Obes 9 59y Job »o Jlizl (I 88 9 D ulpo @ 4z L Ll
Solad Gogr (> sl g whoe el 0l e g8
©9)s?

aliy el gledl plgoo RW Ghie o po @ 4295 b
a el azdl Gl Sliwg, gleosls o cdSw j5ige Bolas
by Jodo sy o0 S 4 a5 39500 50T Colm al
el YU



FY-YO ((0¥AA 300) ¥ o)leds FR ulo o) duxo g oyl joe o dy il [yl g GML.»‘\"? .0 fY

Oloxe 4 Ve oo 9 C (gl ke i Hlase 4y +/+F Jlade
Nl oo (glaisS (gl g, 40 sl e (e
il 15 Bules ams &l 1) S sl (508 Joe a5
#) Jgoz 5o bayally (59 4wl JSCA5 oaisS ganaiws

Sl 00 00l joles

O9eols GLOLai SVM Jow jo Jouo b o (39 —F Jgue

§ e oy 07 ylgabl o3k
Rollover ~YIABY -AIBYY “YIA+
Pedestrian \YIV-A ARIARAY R7ARR!
Motorcycle OIVYA ONEf £IY Y
Sedan BAASK “VV/AY - ZVeIYA.
MTL YAIAA- YA/-TY Ya/y -y
SM EARIANE ERVARN ¢ IRPVIEVR
TAS f/-vY fay- SINY
DCD -VIAQA -AIYE - “VIVY -
S -f/IYYA -f1Y _V/.qY
to55 SMAN VY. Ve YY
more74 Atd FIYYA \ARA
bias AR AR N 1

O 4l Jolag Slislas mal e Jalse (F) Jgor
-0 ole Rollover Ss35ls piio iie g o a0 oo Lid |y
Sl 280 75 F95 51y G Al g Solad o 145 wS
o5 s o5y 55b Sl il on 2815 ol ol
s oo lis Pedestrian ool ple jpa> juxie o o 053 o
ol il yeim &ygo g0 S adi Loy Slislas o a8
e d a2y bl D ol g (S Lo
Solas jo Slas csls ledl g5 0 Motorcycle cdSiuw g5 g0
ol (031 S3gb JLatol atly 15,0 Sl gige dngasls
Slyw 4 bgrpe pite (i o pd 5l pizen il oo I3
28l (5l po iy 5185 8,5 ans ol e Sedan
g oo D9 Ay yomin (6 5pS Jleixl b Bolas
s MTL o & Glil & b o e Custs o 55 5
Aol il oo b (50l Gols S5 88 285 s iz
@ prie Jliml Wil jabe 5elS o5 ()b 4 005 )50
bgiye poiio (shie o pd Wbos Gl Bl (pl ol &g
Sl ol ol oaimsylis o8 > slassl ;o SM SLSL oS > o
2 oS ms &5 i log sl 5 5eelS’ o ol 51 oS
Jlatol sl (50l s ooy SIS 28 > Bolss Jolo ]
oyt a2y b oghige o Solal ol b Dgb 4 e
Sl as céF am g e TAS Sogllles e Coie
S 39S Sz i blug plo g H9alS (o (Solas

& o 4l Blog 5 5)lgm slogy095 G (Bola s 0ed
Sl Jlss asly g8 ol wals ilidl aas

)5 i Gl MTL G ey Sl piite o 22
2o 4l oy s 5 5l aals Loy (o SBolas 5165
db.’?ul Solas U"‘ JJO 9 a8l OLO"‘ o).o.c 9 “\"'bkswl"") ‘u}..,elS
wob Bolai (nl (ol (G @ e Jliol il G e
s ge3S 4 bgpye piie (e copd Grizen 05 o
Shas cwl ol ol saimolis o8 > slaal o SM SLSU
S aas g ali blog plo g 6)low 4l blog (o Solas
Wb (6 lpw 4l alwy SLST S > Solas Jdo T o
Ded g0 S Bolas cpl o Dgd 4y yonie Jleis ]

Ogse TAS (Soglllys ite Cute oyl 4 a2 b
2l g Slgw Al dbwy G (Bolad ST a5 2SS A
Solas Jdo &5 gy 0 0pT Sope adi bl
@ e (6 yiden Jledl b olas ol sl sasl, Sogllolss
Dy se g

DCD Jsb alols cule ) pos juiio chin o 5o 3l puizred
g Lt b dlold ole, pae 51055 e oo
Jlel ol adis by ;500 b Lot Bolas Juds (5 )lgmw audis
@ a2 b Joe cnl )0 05800 o8 Bolal (0d (g 4 e
CRR leol, ol aslipnl T oole (ol e Code cupo
0dily ol 4y axgi pae Bolay Jdo F1 a5 il o olgs oo
Solai (ad Sgd a yamie Jlaiol il (5)lgm adi aless
boe Gl

Shesley 5l a5 oS o o N g SR i ol o
Bolai (plaws F, 00,95 golb loj b oS s jo JSolas
Ol MW Ciiin g 58 00 )5 o0 D58 4y yomie (6 5V Jlei>l
(ol srosl> ;o (gilaw adsi blug Slslai a5 vas o
e oyt e el |y it g S5 et
LsLQobl? IS 6)‘9...» 4.JJU 41.»....;5 Slolas aS A.S(so QL».‘ BW
Wgd o FpS Olalm a4y e Lol slaools> 4y cos 0,8

ol ol mhw p N800 Jelse 5SS ojlgen
Olemore74 (055 024 Less16 ol o il 00gs SloLas
D9 g it poo

O9ols ldolai wads lasdy H10 p eilo Jowo -F-0
Slolay 4 by gloools 5l oolawl b cwand ol o

4t bapygals gl Sl cdle Joe (S i ilog
ol o Cpns (5l o ool 590l eslo aus o Ve b Jow o

B8 18 s 090 Wosly jlas, e VO L Jae o 5 C ool



fY fFY-vo b(‘YiA )-Hb) Y c)l.o.{b fa -.\.1’ ‘u.m.a) Ja..\.’xo 9 o‘;.o.c ‘_;am.\.‘.e,o 4))-0&’ / Q‘)m 9 GA.J.«)A"” L

s 5 Slolas o (g8 Jlaiml ioli8l js aS wal

Ayl

&zl =¥
o33l M6 e (9,0 Slislar Sud p She Jelge )
Olrs S5 g J& g Joor (i (Hhollirm (il a5

AYAa.

ol oud p St Jelse () 2" o Gl d (Gudlline
oS e b My gelS Slislar jo B s dols>

Abdel-Aty M, Yu R, “Analyzing crash injury severity for
a mountainous freeway incorporating real-time
traffic and weather data”, Safety Science, 2013.

Aghayan [, Hadji Hosseinlou M, Kunt M, “Application of
Support Vector Machine for Crash Injury Severity
Prediction: A Model Comparison Approach”,
Journal of Civil Engineering and Urbanism, 2015.

Chen C, Zhang G, Qian Z, Rafiqul A, Tian Z, “Investigating
driver injury severity patterns in rollover crashes
using support vector machine models”, Accident
Analysis and Prevention, 2016.

Chen S, Wang W, Van Z, “Construct support vector
machine ensemble to detect traffic incident”, Expert
Systems with Applications, 2009.

Chong M, Abraham A, Paprzicky M, “Traffic Accident
Data Mining Using Machine Learning Paradigms”,
Informatica, 2005.

Dong N, Huang H, Zheng L, “Support vector machine in
crash prediction at the level of traffic analysis
zones: Assessing the spatial proximity effects”,
Accident Analysis and Prevention, 2015.

Li X, Lord D, Zhang Y, “Predicting Motor Vehicle Crashes
Using Support Vector Machine Models”, Accident
Analysis and Prevention, 2008.

Martin L, Baena L, Garach L, Lopez G, Ofia ], “Using data
mining techniques to road safety improvement in
Spanish roads”, Procedia- Social and Behavioral
Sciences, 2014.

Moghaddam F, Afandizadeh Sh, Ziyari M, “Prediction of
Accident Severity Using Artificial Neural
Networks”, International Journal of Civil
Engineering. 2011, 9 (1), 41-49.

Ren G, Zhou Z, “Traffic safety forecasting method by
particle swarm optimization and support vector
machine”, Expert Systems with Applications, 2011.

Yuan F, Cheu R, “Incident detection using support vector
machines”, Transportation Research Part C. 2003.

Zhibin L, Pan L, Wang Wei, Chengcheng Xu, “Using
support vector machine models for crash injury
severity analysis”, Accident Analysis and
Prevention, 2012, 478-486.

b Bolas ol ol ygmals oasily Soglolys Bolas Lo a5
iy 3l izmed S9d g0 Dgd & yie (6 ey Jlaiol
pe 51 28 e lyisn DD Jsb Al e, i
il o 5T Bolas s 5ealS” gt Jsbo alols o,
Bgdhoe pF Bkl (b (F9d 4 i Jlaiol el aldis

Ol S jlne s s 5l a3 4 Lo je pstie Cote a0
colz mhe GRlEl S g Gl peitas 556 sues
o | s (ygualS Bolar o ST ol e Bolas
lpo 0,5 o0 g8 Bolal oy Jsd Jleixl ail e
Slolay jo a5 wws g lis ouily w4 by e slo e
Solas g Fed Jleaml Jlo Y 51 iy e b Bl
bes S8

p9> i 5o Sllllas glio (owy 5l oy &5 w5 plon
eslsen cplas )0 S 4l Jlug jpam (28, o Ll
Slacasgias 4 e g el (SBl5 el Gl
OYAYF (Gl 9 coallipamoe) 00 5 oo wliolay jo (5 pasaus
Iz el Slolas jo 1850 blug Sj9 ! Jdo 4y () as
Jim! cliolas jo 15,0 (59,955 99 (yj9 abold iuljdl as
@ Sl (Byb koo RIB! S Sea (59,997 ouiily Sy
ololar ud Al 4 e Jelse (St oz 5l o
Silwdoe mls jo as (Y VY () Ken g Zhibin) asily go
RER DR RCRV N T R PCIUN ISR U1 35 B VRN FOUS
laJoe sobos lislas s o oaly cps B ol axslis
Slislal Sud waly Gw o3, Yo b oS 55k 4 g ke
(V0 ] ,Kar g Chong) by co 2ol38l

& 5 A -

Glize cacdls 5 was olis adlhs ol mbs
9 Sl 550 «(S)lpw (59,99%) ilie Al Jolug Sloolas
i gunods L3l &5 sitn Joo (Sglite Jelge (GgeelS
Conle Ll 4 Slbolas LSty ailis wlgi e ol oy
il aalllas oyl o

cip A el bacdS 5ige 4 by Slislas s
33 S)law $3,99% 5 (e i lug jpa> Codlyl
Gola 0y 9 Jlaiz! ol cpow 2al33l 5 aitalas e pus
¥ ol (a8 (s)lsm 59,095 Slolar jo wes oo Gl
gooky ple jpa ( Sogllolsy (S el oyl aslivres
I, lisles ol cud mho Gl oS ali Ll
@ e 4 i blog Glolay o yuzmen om0 Gl
b3S dapy9melS o 4 Bzl wouily (VL s gyl o 5
@bobid elge (lyie @ Sl y9950 H9a> 5 jlme Sy



Journal of Civil and Environmental Engineering
Volume 49 (2019), Issue 3 (Autumn), 35-43

wn

University of Tabriz

EXTENDED ABSTRACT

Prediction and Investigation of Road Traffic Accident Severity Factors
using Support Vector Machine Algorithm

Mohsen Khajahsalimi?, Mohammad Mehdi Khabiri®*, Mohammad Saber Fallah Nezhad ®

2 Faculty of Civil Engineering, Yazd University, Yazd, 89195741, Iran
b Department of Industrial Engineering, Yazd University, Yazd, 89195741, Iran

Received: 09 July 2017; Accepted: 22 January 2018

Keywords:
Severity of crashes, Support vector model, Road safety, Fatal crashes, Kernel algorithm.

1. Introduction

Accidents as a threat factor to the transport system have widespread political, social, and economic
dimensions, which is increasing in developing countries. Iran, as a developing country, has not escaped this
danger, but in recent years it has taken preventive measures and crash statistics has been decreasing. Crash
injury severity is one of the most important criterions of measuring the costs of accidents. Different methods
have been used for predict modeling. Support Vector Machine is a relatively new modeling technique which
was proposed to solve the classification and regression problems. That shows accurate and acceptable
performance. In the present study, it has been tried to model the severity of accidents with a combination
clustering and classification approach, with the help of neural network algorithms, simple parsing, SVM, KNN,
and C4.5 algorithms and by comparing the algorithms used assess the ability of each of the algorithms in the
prediction of the severity of accidents. The purpose of this study is to evaluate the performance of support
vector machine algorithm to predict the severity of road accidents and identify the factors that affect the
severity of accidents.

2. Methodology
2.1. Data collection

Several approaches have been used to model and predict the severity of accidents. The support vector
model is a relatively new modeling technique for solving regression and classification problems, which
provides a precise and acceptable operation. The purpose of this study was to evaluate the performance of
backup vector machine algorithm in predicting the severity of road accidents and determining the factors
influencing the severity of accidents. In this study, road traffic crash data for seven provinces of Isfahan,
Khuzestan, South Khorasan, Qom, Qazvin, Kerman and Mazandaran has been used, and support vector machine
algorithm has been used to predict the injuries or casualties.

2.2. SVM modeling

Ren and Zhou used the SVM as an optimal way to predict the number of accidents (Ren, and Zhuping, 2011).
Lee et al., applied the SVM models to analyze the severity of accidents at five levels of injury severity (no injury,
possible injury, superficial injury, severe injury and fatal injury), and to determine the SVM model, they used
LIBSVM software (Zhibin et al., 2012), as well. Aghaeian et al. (2015), conducted a study to evaluate the
performance of Support Vector Machines models with various kernel functions in case of predicting the
severity of accidents (Aghayan et al,, 2015). Three levels of injury were defined for this study (no injury,
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wounding injury and fatal injury) and twelve variables were selected from existing data. In another study, Chen
et al,, aiming to assess the model of severity of drivers injuries using the of Support Vector Machines models,
studied the two-year data of reversal accidents in New Mexico, and descriptive variables of environmental
conditions, characteristics of vehicle and driver were defined then, using the decision tree, the effective
variables were determined (Chen et al., 2016). The data related to accident in which a riding car existed was
used to build the SVM model. At this point, the model was trained by 70% of data as well. At the testing stage,
using 15 percent of the observations through a network approach, the constant coefficient of C was determined
0.05 and o was set equal to 10. The remaining 15 percent of information was used for validation.

3. Results and discussion
3.1. SVM to predict the severity of car crashes

According to Fig. 1, the Pedestrian Coefficient suggests that the presence of pedestrians is one of the factors
affective in increase in the severity level of the accident injury. If in road traffic accidents of riding cars,
pedestrians exist, these accidents are more prone to death. On the other hand, HCAR Coefficient with a plus
sign indicates the direct impact of the presence of heavy vehicles on the level of severity of injury accidents of
riding cars with heavy vehicles. This means that if throughout interurban roads, an accident happens between
cars and heavy vehicles; it will lead to increase in the severity of fatal injuries.

SVM Model
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Fig. 1. Weighting coefficients of independent variables in the model of severity of car accidents

3.2. Identify important variables

The data related to crashes in which the car was present were used to build the SVM model, the effect of
important variables on the severity of accidents, each of the three types of accidents related to motorcycles,
cars and trucks were investigated. After comparing the results obtained from the support vector machine
model, the results indicated that backup vector machine algorithm has the Performance superiority, higher
accuracy, and low operating error. Age has always been one of the factors affecting the severity of accidents.
Coefficients Less16, to24, to55, and more74 indicate that increasing age increases the likelihood of injuries to
occupants, are presented in Table 1.
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Table 1. Weighting coefficients of independent variables in the truck crash intensity model

Parameter coefficients A 95% confidence interval
Pedestrian 17.351 16.907 19.62
Hgv 33.717 33.268 35.24
MTL 34.225 31.69 33.87
SM -8.024 -7.713 -7.031
bias -0.733 -0.807 -0.734

4., Conclusions

The results of the research indicate that algorithms such as neural networks and support vector machine
algorithms (often non-linear degrees) usually provide the highest rate of classification, while they do not
provide the proper interpretation capability, instead, tree-based algorithms are rule-based if and then have the
interpretation capability for humans. Rules are important because they can be made available to traffic and
safety professionals, and by taking a strategic decision in the field of reducing the severity of the accidents and
the resulting losses, has taken an important and effective step. The results showed that the data volume does
not affect the performance of the backup vector machine and can consistently predict more than 70% correctly
for Gang types of accidents, injuries and casualties. In other words, due to the high number of crash injuries in
comparison with the crash casualties, there is a strong tendency to anticipate injury crashes. Also, factors such
as the difference in the weight of vehicles involved in crashes, deviation of the vehicles towards left, elderly age
of the driver, pedestrian presence and violating the legal speed limit lead to increased accident severity and
fatal accidents.
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