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Fatigue and drowsiness detection of the car driver based
on image processing and artificial intelligence on the
mobile phone

Daniyal Haghparast !, Ali Mohammad Fotouhi
Master of Electroncs, Electrical Engineering Department, Tafresh university, Tafresh, Iran?
Assistant professor of Electrical Engineering Department, Tafresh university, Tafresh, Iran®*

Abstract
One of the important factors in traffic accidents is the fatigue and drowsiness of the driver. In this
paper, by using the driver's face detection and eye state recognition based on image processing and
artificial intelligence, the driver's drowsiness is detected, and appropriate alarms sound to wake up the
driver. The proposed method is implemented on the driver's mobile phone and uses the facilities of the
phone, including processor, camera, and alarm, so it requires no additional hardware in the car. The
method used and implemented in order to detect and determine the position of the face is based on the
Hare-Cascade algorithm. In order to further speed up the algorithm by combining the two stages of eye
U/ 5 detection and eye state detection, the Hare-Cascade method has been used to detect open eyes in the face
/f area. The proposed algorithm, while providing the necessary accuracy, unlike the existing numerous
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and advanced algorithms, including algorithms based on deep learning, has a low computational cost
and can be implemented in real time on different types of smart mobile phones. Also, by adjusting the
sensitivity of the software by the user, based on the detection of one or two open eyes in the area of the
face and the time between two consecutive frames of not detecting open eyes, increasing the number of
correct alarms and reducing the number of false alarms can be controlled.

In this research to train and increase the accuracy of the intelligent model used, a database of 500
suitable images in different driving situations was prepared and used. Experimental results on 20 test
videos in different driving situations show the proper performance of the designed system by creating
95% of the expected alarms. Based on the results of numerous and various experimental tests with the
acceptable performance of the product of this applied research in detecting driver drowsiness and
creating correct alarms, it seems that if used by drivers, it can prevent many car accidents.

Keywords: Driver fatigue and drowsiness, image processing, artificial intelligence, face and eye

detection, mobile phone application.

g Ll diiee gawee ool Wl pl Gus

GV B ONY RTINS RN v R R CH J JUIPRVER KW
@Ol Ay Sy (silwesky 5 (ALl agh (nl A
0 ol ol olped A (LA g9y p oS 3g wal
0 018 5,995 JF1S 55 0SS Ak 59, » (BT w9d
095 9 S ol bz ol oS Sl @ @S
RS 30 b sl (Bl i e 1390 8L 50
s iy 5 o SLli | o o g

50> (S9) p il a8 iiloy 5l eaddl, Siws b Sogll
39,9050 oo 4 b g 09 ools auseds Sgu g0 ploeil oaudl,
alol S 7y oS ol 1) o]y o oie8 o S5
298 o0 odaline (V) S5 5o
CATAS ey 53 godsie la el sz e
Al iy b o oaul, Sogdlolys 5 (Kius
5995 i s ol 5l oS Sl Ll icaslons
Gilwooly iz I8lccew 4 5La o g ol o yals
5L 50 ssz e slo oS aSST dods puiomen slos
wWiwd Llo |y abbls 5 loasjloy 5l orwsy b
sl 69y 2 Gilwooly el wub (eolpiiny o ;55!
g ayig B Cwdoly)) g ool 5l 3szge slagotsS
ol ol Gl s ol ol asls 1) cwld S
Sloz aas whesdl At gileesle iagh
saias]l slae oSl ol oY CBs Lad> yes Sodl
atuis A e s p (e iy (Shegh a2l
L5L iz ol acid 5 eda (adS opz
3 ks ol goleiin eyl 0 s (A
CdS g Sy b op,oSl SO S oSSl o 6N
Al 0 0gd o oolatnl o g aseis Als e o Yl
oaeis Jolye oS 5 bl b ogd oo ool s gum
2k pde paeid A e SO 0 iy Sl g el
sbgwl & Olger 35Sl o)l plea ol
Bl pix > jasis a8 Jos 10 5 o, osllas

dodso—)

55 sz S I W55 e Sogllss 5 (St
oy p b Dasl w5 om0 Jls, b
Sly ey a5 Jlslai 5 mlgw iy calpll
Cuia U caddes Sloy o3l yo ambl o slasl Foll
Slolai iy Cawlosg 003k U oo juw el 5l g oo
03,55l o3l sl Sye 4y e (Soglllys 5l 3L
el jo (Ulsz sl g bslan lacels 55 e
ousil, (S [V Y] cwlosss 355 meo olan! slo
G Olgee byl o ieae 5l a4 8l gledes Yo
R SN L O KW [PRU SN
Do s o,lalg)ls 5 05

4 g o §pSpreal )3 (s (Do pansis
soiily oyl 5 ALEIS soge 25 ] L ablie gl adse
5 ooz AlEmS LB 5l go)lee amo o ali8l T
oy Sy Labo (6l 2l 095 oSy adany
Sy 5 4k Ay 55 L gl (Ul 050 carli
ATk (sl (I «(5 83 35 ped 9 i atie La>
alS e a6l ST SUles 3gu dlapi
o owtly GSTly aalS 5 oley Gl 5 CehS il
sal) o @dle s )3 35 peS 9925 5 s elen] Wl
cdle s ol Ky ams ol a5 el el ans
O axg by cul ol ioleS WS o Sudly Ses
35l Sliolas g485 50 (Kwd  Sogllolys a5 13
JAS slp pleable (b s (e (IS Aoy
5 Shee ilaiils 3g3 pdle olul p Bal) s Lsgn
1, oaiily 5 ledisn prlaw a5 ol (glaisS 4 baaslalis ]
o &y jlad el pln )3 5 WS (oo (o poloe
DI ls oaisly 0,8 Liign 1o oxw cilizs slo

Y el F oLl 1Py Jl

&



Shash s

S9lllga o

92 9 29405 (o)1 3 1t (ke 99393 Bk S

95 (59 2 G0 b

ooy -yali (s

S lmosls g S oo w1y 25 Sumdy e aolip
1) oassly g ools LLS)| uuguil by a4 Sgish 325k
V¥ e b gy cnl 0 8ee aiS o0 Jla oY jlada L
OS5 eadly  Soddlolg: asis 0 gawye
wloads
Al Aloasg (sl ol sy 2 (Sino (sl s09,-T-Y
oo, baslive slie  alol 5JUT lass, ol Lo
Al Ay 2 ooly JyS 5 (Sl g8 4 g S
ousily s aseid gl b b,y ol jo o)l S
g se ool 5 At Ay b e syl
Szl cg)0e3 Comds Giomw b bidie albahs,
gad 5l 28> p0 Jolss g lag 2 gl cosla 51 55095
s g, ol sl

s 3l 5395 Gl aul saims lace &bl [#] o
Slyoul sl s gl abels cpl casloals By2e
Yy TR I G I S S S X E S UUWO N [P LS PE
Lgnpddy Soadlie ow)p g ad (Sl eolinal b
O 15 95995 &5 Gy A5k bslas glscl 4
5 bsh Gl 9929 09 (wyp by Aoy o)l I8
B9 oo 038 il yewwe 3l Blyzl ¢ Jlgie GB wi>
s G S s albe ool sslussly
3l eadcdl o palar l colaiwl L g canlaid 3 aloxl
S bolr Sy g 5s, L, dmlp )0 oliee A (o
OMSEE D)z )0 5 WS oo Jes (255 4 o)l
B2 oo jlaie ol 4 ool> Lol ys 5l ouuly

ousdly sudlico p oo s Jog,-Y-V
SRS )0 pgal 83105 9 Gmayee 3l by, cnl o
okl eausl, 3l eadcdl e (g pgas sloosls s
" e ol Aies awa oty cal osdiee

iz o Sy Judiga o e

Ol o Sy Julosa 5 @

o GBSy Jelxigay o o

iy W S g Judxi gy jxi-V-Y-Y
iz e 3 0507 b Ll el Cundg aniS ol
by Wil piar oLl slaghs, 05 Gbple |
2 e diibe ot slaaius jo o aid sl
5 oo )18 S (bl 5 oS B (S

wile plrosl 51 (Shy e sbagbs, o
alore g s (o) oSy (o) i Slal Cs

Y e F ol 1Py Jl

bix yed olering piesdl ci Gl @ 0gd o
3 sy b 59y glwosly bl o Slee ds
S allie (pljo rizmen )0 1) ol e 35 sla 05T
Sasly a8ly byl s o Sy s Jolds ooloacsoe
Ailgs oo a5 Cowloads agy jlwand 5l eolaiul o g
Ao cpl jo o28lg o kil sols oL S vgzg lais
S e |,
SBEBg 2 SH90 ped iu ) wlie (pl o
O Fu 50 solpidian hg) S (o0 Djge iy
s Ll 4 ey i dedes e py—
7y O 03l b Sl 5 2 sleptales]
cetasily ol e st 5 (6 S eons 4

SopaN ) g 4 g 3

O

O 3 e 5 0 ey RS
P R

ouiily SogiTolgs (s dilolw S 7 yb :(\- JSib)

(Figure-1): Outline of driver drowsiness detection system
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(Figure-2): Flowchart of the proposed algorithm

ol (V) S 50 golpaian w031 o Slae sladusg,
Ol el e 5l megh ol o cawlead eols
g gl oo okl ouly (sohung il o jekaie 4 ol jen
9sS Slase K 5l eaully Kwd askis Sjge o
‘U:Jj m,8dl sl ogd oo oolaiwl oaully 40,5 Lbga (sl
st WSSl g, e sl Abn

Y e F ol 1Py Jl

&

Looasdly Cugn i Sledl &lulS o Al o o
> sanS gandid Lol ol as g, b9l
oasly Hles cll> suisS sunail SlulsS wadll, eix
b Joe (bl 53 0sbign sl S ey &l
@byl boeasly (s Sl Joe g oasily Cuga
Cuge 9ol 5l g (e crl 0 edee Slml LSy
9 05k Gl dapds pogaies ploy weaddl,
oadl, S b ol Glp ojlees W53
Gl 5o eolpin ool aisd oo oolaiul
Za0) cds b ash o Gl Cann Sy o (Sl
w‘oﬁ;&o&

5 opiz e 5 oz paiS jl om D]
G5l sl VGGLE ooy seas 8505 olas
Cawloads solaiwl (;.\w le"bg;fﬁ

2 Sollolss sasas lp able o Y] s
i b sl Shy 8l gg ke oS5 sl
Gl aslipy S & ygody aileles )l canlons ]l 5 595
S Cawlonds Silwooly dialiga ol yor yals u_..);
gl Geend 5 ool oS5 sl G5B rim s
5o EO I u;"‘)‘]a &)o)i.g O ygods o.\.’\.il) L;».m}
Ggisl LL3,I Gk 5l b ygais Sledbl alels oy
QAPES Djgo )3 g Wgdieo Jlu)l eadl) (L3656l
iy ol sl OIS il eles G ol (K
ST BUCEEC

Gy s oS EEG 3l osliiul a5 LT 51 [VA] s
S99y u..mLa S)L..g )| | P‘)A 9 Cow e.).;jl)
odilly (S (ais @l Sgnpe lp iz pgla
awloads solazwl L':"L“"i" EEG JpLs

SO lesian (g, -V

g ey oty Gy GloJiSen p (e slaailels
oy Lol csjls ouidly (Ks el o oYL Cds
p3¥ Sligs a5 Ll jl g el 1o Vb (S 5 anje
Crozlye ol cge g Wliias uled ;5 oaily v b
418 (g3gaoe 0,5 gl g0 Sauily Jb y0 eudly (6l
43005 5 ool alds Ay sla el (e slaailels
s o ol aile alises Jelse b coo ol 4 bl
1 005,65 o 8 Sl ayls 5 Faudl, Gl ol
foets it Glowyp bl Sl pasis &8s
a Wlgoe ol by gl @ ballebs pl Jeloisa o



3loolaiwl HLb 5o o900, Sles R85 g gl s yile
iy gn 3,5 IS 4 il

L0 29 50 3 iy 9 0 Rz e Y-
S5l o 5981 g2 (S 0l 3
2 0l Gilwerd g g 5l gal S8lyo Sl ey
s slp IV ] 0l o o015l o9 o il
D9xg Dygpe 5O gl 3 lapda e 9 oxr O
wWiygel Al e 30 wiyeSl ol 0 0gd e colaiul
oanseis (6l Hhais jge 80l oKL culio o sla T
Sladiges 3, 5 (Gl 0)90 (o5 d929) St (sladiges
o yo 50 G Bl Glaisyge (B 9) (e
st S pshie 4 b sl S cnl 5l ep)ls
oaredS slp wiy Sl Cnl g se esliiul A 5,90
5 48, B4y S asis Wik win oz
.[Y\]&wlooy Sl I8

Ar S Jod BB Ceglie aSS- b o 568l
5 AR g (B el o olidy, Ol
Fdods pes 0 g 05ls YL asis ©508 g Conles
s S5 ! olej sl et s elisdle
e oS IYVlagy e Jled 4 S50 arsds
L oothae 0 Sloe pdz 5 00z parsid lp oSS
FIPCNR I I N | 4 IO PERA RV L R FILY JICH R
(o pgas b sl Shy gl pseie Sz
aolol jo a5 0gd oo colaiuwl (0,SASLS g Cewgilol

g (0 ()

L b Sy -Y-Y-)

s aailbls 5l eolizul Lol lacde 5l S,
2 e Salels 4 s Jp C85 5 oy (S
S s gl 0SSl 02 oSl Gulul el Sy
@ @ azg bl (Fhy el paal e gl
2ea5 )0 Shy S dauS jasie Wl o o)l A
Al oduzmn b lislu b adsS ad wile

=1l

cdalaiiuns duw () calalauns 35 () Hlo 539 :(F- JSi)
(V] albains jkz ()

(Figure-4): Haar feature (a) Two-rectangle, (b) Three-
rectangle, (¢c) Four-rectangle [7]
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(Figure-3): Main application logo

ol o (42l o590 3l 00l o guai CBL yo-Y-Y
3 olyem pali oieo 3l euily paal by jslaieds
Iy dedign (095 (rmjgo b Jules (Gl a5 Lo o wolgs
Sl jekaieds wilss ol 09l co ooliwl (S oo o2l,8

50 Gilwe S g ye B e b0 (w0 IS Q’J"

Y 2l F oLl 1Py Jl



Shash s

S9lllga o

92 9 29405 (o)1 3 1t (ke 99393 Bk S

95 (59 2 G0 b

ooy -yali (s

&

<

ooy ,le Sy lade ST 09,00 55 4 pgal o
> pold o (Fhs ey ) S all SO

YW
oY sae Gl S Hlaae (0) IS s o
O b lis 1 el S5l 5SS s

IV el pgas jlasl cnl )s Goges dd 5529

S5 Dg oo Al olew Judaives slo oSSy olin

bt 50 6ol S Gl Jlo (Fhy dlxe aiges

S (She o Caload ools lis (0) S5 )0 (g9ges
DBl pgal 0 el (Shy S uS jasine Wilg e

Aebais 90 xS 5o Sy Jle sl

2 e e (Shy g M gl ais ol A8

©o5ee ol asid glp goges Aldaius 95 5,

- ol 42l (b JuSoy £ gormol ol dp> b (gl JunSy Sluai
S a2l gl JunSy £ goomol din b Sl Sy Sl

(0.7+0.4+0.1+0.5+0.8+0.2+0.3+0.7+0.5+
0.1+0.4+0.8+0.9+0.6+1.0+0.7+0.3+0.1)/18
(1.0+0.5+0.8+0.4+0.1+0.2+0.6+0.8+1.0+
0.9+0.1+0.5+0.1+0.3+0.7+0.4+1.0+0.2)/18

0.51-0.53 = -0.02

[¥9] ogoe Aldaiunn 90 o dwlono digos S :(B- JS)

rectangle [21]-(Figure-5): An example of calculation of a vertical two

dpe opl oS e 13 g Glbne duje palS
el popie woldiuwl 890 8,2 83ll 1 Slawlre
D9l g0 il (g2

S 2 50 (V) Ay G aexd pgal lade
Gl JuSy pla ol polie ggemme bl dXY)
Ryl 50 (XY) Sy oz g Vb G o aid 518

ii(x:y) = Zx’sx,y'_s_yi(x,:y,) M

2 oz iy fie HEY) ) by,

. I I

JuSy by, lade UC) 9 (XY) o
uigl,,.yas}lum&wwﬁ)o ol ol g
W‘OM oo‘é ‘ JQL’.A u.m.?u )49@ 9

a

Jolro (orozti 3 gaai g (o Coomw) (ool guad (V- JSC)
[Y~](w|) Coww)

(Figure-7): The original image (left) and the equivalent
integral image (right) [20]
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(Figure-8): Obtaining the sum of brightness values in a
rectangular area with the help of integral image [25]
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(Figure-10): Useful Haar fatures for face detection [20]
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(Table-2): System performance evaluation results in face and eye state detection
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(Figure-20): Specificity for test vedeos and its average (Figure-18): Precision for test vedeos and its average
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(Figure-21): Recall for test videos and its average (Figure-19): Accuracy for test videos and its average
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(Table-4): Comparing the performance of the proposed
system with other methods
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(Table-3): System performance for producing
drowsiness alarm
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