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0 ABSTRACT O

The use of Anti-lock Braking System (ABS) has become an essential feature to raise
the level of safety in modern vehicles; the main objective of this system is to control the
pressure applied on the wheel and prevent it from locking in case of sudden and severe
braking, allowing the vehicle to slow down in an optimal way and preventing sliding while
maintaining its balance and the ability of the driver to steer and control the vehicle and thus
reducing the stopping distance.

In this article, a mathematical study of the Anti-Lock Braking system has been
applied; we used Colored Petri Nets to build a model of the system; we introduced the
concept of Fuzzy Inference on the section used to determine the value of the pressure
applied to the wheel, where we took advantage of the flexibility provided by fuzzy logic,
and then we conducted a simulation of the systemfor differentinitial speeds and for
different road conditions. In this article, we used CPNTools to perform the simulation; this
tool was developed by Aarhus University in Denmark and now it is a part of the AIS
Group in Eindhoven University of Technology in Netherlands.

Key Words: Nonlinear Systems, Anti-Lock Braking System, Colored Petri Nets,
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el Ghgsda Gk o JUY) Aoy ga Blad) Aoy iy NI A (17)d8id)

ceanll Gigsially Jlally Cilall Gulal) e € dal e 2S5l ol 2D ddlaal) (2) dsaadl cn
Aalad) o3l 3 M () Ui ) Cam

X =V?/2xacc
Al i) skl qoe A9aN) A Aoy Vi all Ll dilad) s X 1l

AdlSe i Jal cpe cabgatl 4o Adlall (2)Jga

eyl Gils Gy b Guk mmalls g e Gy

22 m/sec 26.5m 34.5m 42.9 m

28 m/sec 41.7 m 56 m 64.9 m

36 m/sec 67.5m 87.56 m 103.68 m

AS5all sl dany Lo Gils Gyl dal e oS o abiel UaYls Golall o dllSiaY) delas (555,
ol s coppliia JUaY) Aoy Blad) Ao ol e Casioll JB iy (gpaind by aupm JS8 Jeany
Oladdy YY) J8 aiayy s JS0 LS ally aSailly Slall e s ccasepall Jlaall Gaa GV A o8
el ez alidly adl) el sie sl e sylasll

OUY! Ao s Byland) Ao (ga IS (alind) e Aoyl dglee Ales B BV L dad g i) Jaadls
G o Jlls lede L Byl Gl S A5l G5 g L) 138y o il el Tl (Sl
3ysha
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e 0N ecigigll Johl iy 185l Gpanes Ly Y] Jelee paidt Jhe Gub Ja b
L3l dum LBV e ey Aol dglee Ala 365alL oSl el (hsall (SR aile allas agas
Gsepall Jaall Gaa Gajll ae @Y Ay Gl o8y Gl )bl dojus o A LY dejus ol

Z oY) Al Laads Sl (<8 Y] Jelee (it caanlly (isjte Gphll ()5S L
s ajdll dulee Alda (pig)liie HUaY) Aejus )bl Aoy (10 S el A zagalll (8 Jasiisdl olul)
Agstsall 3paall Gada GYY) A £ 18

Ol iy eaally g el Gy Jlall Gaall Jal (e cagisll 2aU) Adlaal) sby) Baadls
Gaa BN A e liy ) sl ) wile allas dsay sl Cam . Uy Gyl (g Y] Jales
et laaa I Jaall Adgs Jakan (g e e Jal (e HURY) aie b dyse sl 350al

Jla 8 Cagill Al Adlusall ayyy o oSy Hgsall Byl gl alls asas of coylatll (amy G
o e Dala J Lave 4lSe (8 s G Jiball SUY) o s @lldy ¢ oanlly g i) Gayhal
Sy vie JUY) 8 s gl iy o8 g IS0 ld) Gy ) gam Jly SURY) Bl el
S an ) O i pmia ks Ll Lo 8ylaandl )i ) (gagam RS el Tan iy

tGluagilly clalitiuy)

onS JSE Lulia alaay Lee il (3 Bpuaially AladdW) AR e sl (B wile sl ey
Ghid) ailiat (e sy Uil 3¢l ol zisal ol Alad) oda 8 Lad . luall Ghidl Jleciud
Adline iyl cagyla dal ge DUl JS e audat Gl Jaiaall 2a8 il Lgasly il 35 )all Gy (ilonial
Al (sS 8 Candl 13 Bpeal aS3 L LY (gsiane ady Ny aleSly Jaball alas) Juad) o1V ey JS5
Dl e Bilay 451 apll chlud) delia dlle b aly JSGy syl el e Sl B gl
AL sl 8 S O oyl Mgy of adsy WS A5al) el 8 legas e 3ilall 5)08 e 485
Al

S ol Jleinly hsall ) wile pUail s8lae Ll eha) [2] 3 Al bl b
g S (PWM) diagl) (ape Jhaed Ak Jlexiuly 25005 (On-Off) il cilie 30 50 e alaeWL
e pdl dal g ellyy il 3T o0 (ads aca Jabill sl oSa A Clebaall (Dhels w58 a) paady
Gob dal 0e (3) Jsaad) & dnd) @) o Jpasd) S5 elsedl Aaslia Jlaa) ae (100 km/h) 2505y)

- ey cals
[2] (b Al Ludpal) il (3)J s
il Lo U dalisal) On-Off PWM
Gila gk 47.17 m 46.68 m
Jle G3yyka 81.76 m 80.87 m
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