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Electronic ABS for preventing bicycle overturn accident

Sang-hwan Park’, Seung-pyo Park’, Jong-ho Min’, Hong-Chul Youm’

* School of Mechanical and Electronic Engineering, Hansung University
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Z8: 2 dFdAe AAA 3A4E Al AEHNEALE AqWeta AlsAg x=
2 A2 ABS(Anti-lock Brake System)S A 7|8}t M A2 ABS A]2:Elo] gk
HEuUHgsta, Byelae] #sg wmWe HA st dEdAHAILE B AlsAYE HasEoEN
T8 Al ARAA AAE dESA gk 2Rk ofyE, A =g WA E 98] NFC(Near Field
Communication) 7]%=& &-&3to] HApA g Al2¥lE X3t

b

Abstract:: In this study, an electronic ABS (Anti-lock Brake System) was designed to prevent overturning
accidents during sudden braking of a bicycle, control braking distance, and prevent theft. The electronic ABS
system monitors the road surface conditions in real time and optimizes the operation of the brakes to the
road surface to prevent rollover accidents and minimize the braking distance to facilitate bicycle control in
emergency situations. In addition, it includes an electronic locking system using NFC (Near Field
Communication) technology to prevent bicycle theft.
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Fig. 3 A prototype proposed in the research

Fig. 4 Expansion of the operating core
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Fig. 5 Mechanical brake

Fig. 6 Mechanical brake enlargement
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Fig. 7 Brake driving unit
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Fig. 8 Brake actuation design
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(a)_Brake unlocking (b) Brake 71;)cking
Fig. 9 Brake lock
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3. ABS &t HAUZF

3.1 ABS7]¥ 1€

V=20km/h

=3

! r:=110cm

Fig. 13 Bicycle overturn Fig. 14 Bicycle’s velocity

A ABS k] olfmE A AHALALE WA S o dolrl A Y] AlsAYE £Hs
o Advk. AHA £X7F 20km/h @ o) AL ShhbF Bielo]a s sitAow FA v AHA
utA = AASHA 2 Aotk =Wt npF o] wpEk o] Zrato] bzl omb v g Evkd A4
7= % Fig. 109 A3s 7Ie=o= AdAY AupF e FE)el oA o] Huh ofjo] A&
20km/he] HE2 dEle A7 AJ/ARL Al AL AR ARE gpelsty] g Ak ety a7
Fig. 13¥} Fig. 145 a3t}

1o ¢

condition: m=v(velocity)=20km/h, Bike’s Weight=17kg, Bicycle’s Weight=60kg, r(wheel radius)=0.3175m
m= (Bike’s Weight)+ (Bicycle’s Weight)= 17kg+ 60kg = T7kg

= = 3 p—

»=20km/h=20x 10°m/s X 36005 5.56m/s
v _ 5.56m/s _ ‘

w= - 03175m 17.517ad/s

.. 1 1
Kinetic Energyz;x mv: = Pl 77kg % (5.56m/s)* = 1188.27 Nm(two wheels)

o] =M ALA AL EFoUX(KE)E 1188.27NmY =S & &+

L 1 1
Kinetic Energy = 5](02 = Emrga)z

, _ 2x KE_ 2x1188.27Nm
mr’ TThkg x (1.1m)?
© =25.51rad*/s* = 5.05rad/s

o = 5.057ad/s X %: 289.37°

w = 25.51ma’2/s2

20km/h £E52 gEd AAA7 FHRH0lA A AAAE 289.37° 2 AEFHT)
A53E ABSY] ZEo 9siA AAE o BHolax odutF o AL & Jlsle] EA Lo A oubF o
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gl

ato] AlEA s =4FH.

Ll

YA telrt Sl el F(AN AL Guhe] ABSE ol &

Rubber Asphalt (dry) - 0.5-0.8

Rubber Asphalt (wet) = 0.25-0.75

Fig. 15 Coefficient of Friction Values for Clean Surfaces

0.5

_ Power
" 04 Organic - B
@ M= o
g .=
2 s
2 Organic ~~
@
EO03F =
=
=
o
o
Sso02t E
Q
(8]
=
=)
5
e 01 1
For 450N Normal Force (552.1 kPa Brake Pad Pressure)
0 1 | 1 1
300 350 400 450 500 550

Temperature (K)

Fig. 16 Friction coefficient depending on temperature

A AsAE A= =] AEe] mel IS ek oA ALY m=HE wpE of s
E(p,=0.80)= ARt AHdA 9 AlsAgE b7 fsiA AdA FsoldA A A Sl/E
ko] B4 ghs ol&ste] etk A A AntF o] Ea gk AdAY SAnpF el &8sk mhEE
= ol&ste] & 5 Utk AHAA SuF = d Bieoja WA o r A9 %JH}EHA bd AAE 7
SA Bk 29e Fig 138 Fargi

condition: N=mg/2 = (77Tkgx 9.81m/s*)/2 = 377.685N(rear wheel), s, = 0.80(dry asphalt)
f=NXxpu,=377.685Nx% 0.80 = 302.148 N

F= f=302.148N

— Fxr=302.148 N x 2:6357

2
webA a7 A v EZZES 95.93Nmo] U

= 95.93Nm

9 AA & wlFASLE AAuRASE FAuF e upRrgol 34 #Fesit) s uk
o] Fol= & UVUJHTE ] o] XPWH AlsAE 7 soluAl ¥t} Fig. 145 %ﬂé}&l 0}*“‘*‘5 9
ANA ZAA E‘rOMA F W FHAFE 1, =052 9 AL o]&3dte] thA] ALlte} n}

£ 59.96Nm7} o] & OMXH ks %01 =o] A A AlsAYE 5olvA @
AgE As7dge] dgk Aol o AXIYh olE Sl A ByelaE wHTA
A7 sihk o A AR E S IS 24 F UdeF AASH

Bola = X wel v A7 ddit, dukgo g didtulgol A AHAE GAIZE ALEEd
AAAAL] Yad Byo]lae & 110° = 383.14K°]t}. Fig. 16 LY ZE 53 AdA =9 2%
des W7l s ABS s rpme A A A oF gkt

o -

rE
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3.2 ABSAA WAYUZ

AsAR Y 7S AA7] 98] 20km/hd W A AL AlFEAZZE Sm oWyt D JAEF AA S
AT 20km/he] £E1 A AL Als AR ZF SmoolUl7F = 7] flElA DC BREHE 4ANm EEE
o}

©ONRe )

Fig. 17 Slider-Crank

ARAA FAGA ] AeAYE Fel7] A8 dupFel BeolAe] A g Falopdtt. 1#7] dAsiA
ABS HEF-o| e Atath. 2™ Fig 178 Fa @l

condition: 7,(DC motor Torque)= 4Nm, »; = 0.015m

t=FXxvr
_'p  ANm
F = , = 0.015m 266.67 Nm

F, = F, = 266.67Nm

r=40mm

dm=22.5mm

Fig. 18 Screw Thread

Z1AA gaa BEelas YA 98-S H g8t AAST. Balolae] QU] sheiAE 424E)
@e I, a9 Fig 18% Lt
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condition: d,, = 22.5mm, r = 40mm, Fy = 266.67N, p, = 0.35(frictioncoef ficient pla), n=1(Number of
threads on the screw)

L(lead) is the distance the screw thread moves in the axial direction when the screw rotates one revolution.

If the screw turns 90 degrees, the screw moves 5 mm in the axial direction.

L
S0, —= bmm

4
L=20mm
L=np
_L_ 20mm_ .
n 1

if screw tightening

—_— L . .
tand = d, (L;lead, A:lead angle)

) =tan~ 1( 0.02m

L
_ 1
A= tan” d, 7 % 0.0225m

)=15.8"
tanp = p,
p=tan '(g,)=tan '(0.35)=19.29°

_ m

r= 2 xmen(A-i—p):stT

0.0225
2x0.04

m

2X7r

Fy,= QX x tan(A+p) = Q% x tan(15.8+19.29) = @ x 0.1976
Fy;  266.67TN _

= 01976 0.1976  1549-54N

Q

weba] Beol9] (YA 7hell A= &8 )= 1349.54No T}

- 713 -
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Fs } i‘

t(braking torque)

Fig.19 Disc brake
Sroll Aol A Q#bs ol-&3te] BeolaEs 3l XA dntFelE AAA I EQ @S ekl o/ H
#Ao EAHE o)&std AeAYE At 292 Fig. 147 Fig. 19S 3Hasio,

condition: s, = 0.39(friction coefficient brake pad)

Fy=@xp, =1349.54N % 0.39 = 526.32N

F;=2F, =2x526.32N=1052.64N

<7/0 + ri) . + 0.
£p = Fpx = 1052.64N M: 84.21Nm

84.84Nm is braking torque

t=KE/0
0= KE/(t;+ 1) = 1188.27Nm/(84.21Nm + 95.93Nm) = 6.6rad
0=wxt
. _ 6.6rad
t=0/0= 7 51raajs - 058

Since we need to find the distance until the speed stops, v=0m/s, v,=5.56m/s and s,=0

0=y, Tat
Y0 _ Om/s—5.56m/s _

_ 2
; 0385 14.75m/ s

a:
1
S=15y Tt + Eatz

1
s=0+5.56m/s % 0.38s + =% (—14.63m/s?) x (0.385)?
=1.1m

ek ZHA L] /F BElolAE Ao w A d A vtE okAZE Al Ad 1 n7t



55 F AT AT EEutEATR 9 Hog AFALE A HW AlsAL 7 1.3me] ).
o] whEk ABS e rpm 243 Als At 7HE &S ABSES A A gt

3.3 wdlo] uhE AdA /5w AEE G| Z4
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Fig. 20 front wheel w on dry asphalt Fig. 21 rear wheel @ on dry asphalt

Angular velocity difference between front and rear wheels on dry asphalt
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Fig. 22 w different between front and rear wheels on dry asphalt

Fig. 20~22+= 7% ofAZEOAM AdAE T8 o A4 H% Zp& el sl e fHE e s
Aslal 1 xfolE RoFE agizolnh A ATE TS Z| xfol 7} &2 Wb
AAS] Hx7F dAN A= 1A Abel7 dAg AS & fl: 9;1‘3]'. 27t dAgsA = 3
upF] Alolo] o] H gk oF 2.65 rad/so|th ol Wel A¥S FdsE =
=39 v Y E=2= p=rw=0.3175m X 2.657ad/s = 0.

g
A
lo,
}L
JP>
ki
oAl

J
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ER R 2

=
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o

].

ofs >
= G R SR\

ol

=

KE= %x 87kg x (0.84m/s)* = 26 Nm©| t}.
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5 Front wheel angular velocity on wet asphalt as . Reger whesl angilar Vplodly of wei aeptialt
8r 30
7L
25
6 =
2
g 220
DOl E
g 2
g £
S 4 2 sl
o
=
©
3 [ 1
10
2 L
1t i
0 ; i . . . ) ‘ ‘ ‘ ‘
350 400 450 500 550 600 650 350 400 450 500 550 600 650
time: 0.1s fme:0e
Fig. 23 front wheel w on wet asphalt Fig. 24 rear wheel w on wet asphalt

?f\d'lgular velocity difference between front and rear wheels on wet asphalt

256

angular velocity
=N (]
W o
T

-
o
T

0 . . . . .
350 400 450 500 550 600 650

time: 0.1s

Fig. 25 w different between front and rear wheels on dry asphalt

Ao opABENA AAAR TED O A)E DA AEES AohA 9 AEEE FYe 1 AolR
HojFe agizolnt. A7 7FEE vle o Sk Y ZEE Aolrl & Wb &b dAS A=
TFIFA A = xFole] Wl A Zﬂ% =2 7 du. oy "o AFS A&sgla A 49 3hEs =
3tk QAT 2Jo) 7t BolFi= FrolA e Zolrt HolFi= o] ZtE&Li= oF 12rad/solal W&
2ol 7F Wl FE Lol M= 4.5 rad/s7} Lhgkth. ztolo] Wy A A= Fgbell A o] ukF] Apo] o] xb
o] Hit#kS oF 8.93rad/so|t}.

Yt 20| =p=rw = 0.3175m % 8.93rad/s = 2.84m/s°| t}.

B oNIA ENEKE= —x87kgx (2.84m/s)* = 349Nm©]t}.

DN

EoME &% Zol& 0.84m/s, dlUA] ZolE 26Nmolil ZHE ofATE M= & Aol
B4m/s, oA 7‘401% 349Nmeo|th. A3S T3l 1xg of~TES AL ofATE] F WA

# T B quyA zpolE & g AT Ao M Y AHFE AEAA AATOE &
Agete Al2ES 53T
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3.4 ABSA ¥

wet road

ABS on (300rpm) | ABS on (300rpm)
Fig. 26 ABS Test
Fig. 269141 ABS 7-5%2] DC REl rpndll W AFA S S433i0).

il

dry road 1.33m 1.24m 1.17m 1.16m
surface ABS off ABS on(100rpm) ABS on(200rpm) ABS on(300rpm)
wet road 1.72m 1.52m 1.36m 1.18m
surface ABS off ABS on(100rpm) ABS on(200rpm) ABS on(300rpm)

% Average starting speed on dry road: 20.3km/h, average starting speed on wet road: 19.8 km/h
Table. 1 ABS test results
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A RS2 GA AAAL Folst AE wgort, B ron 3000.% 7FEW Ax A 4
A ekabAlubvl Aol Aol MASth. He wHdAe] AY A vhE wwHe AFAnL}
AW Ae ww 94 BSE AEFl we ABA dhcts dnE wYth vhE wwelA g

Aol gl 2 oAM= FE rpm 30001 4% o] FAako] whAEx] oFa ok o w7 A%
7} 75T, oo whEl ABS H A EE rpme rFE =T 7]E 200 rpm, A2 =A== 300 rpme

4. &g A HAUES

4.1 NFC
NFC(Near Field Communication):™ <A FA AR 77k A olA 13.56MHz9] F3+= + A
27171 FAlskeE 7lsoltk. wE 7= ’\U}E% S ZaEdd WEEHo v AlEES Ry o=

NFC 71'5e] WAH ol Qi 7171 23 9, ARg el raslel NiCE AHSEslE sel, NECE
AAA] AFAA) ALE o Fo] ALESSIth NCE obFolwm ALga7] 91ske] RFID-RC52 717]%
g3

—n

4.2 & WAUS

- :\ @ Sensor

-\ = Controller |, @

bikelock &

Unregistered key recognition

Fig. 27 Bike locking process using NFC Fig. 28 Bike lock program algorithm diagra

RFID-RC552 2] t] 7)o RFID L7} <+73tA RFID 2lt17]17} RFID B2 31§ o}olt] dHolHE ¢+

213l dlolE e} Ydtk= dlo]E7F X5 Controllerol A ol & WA} Actuator®] lock 22%] EE
ANEE AFgh. ol WA A olo]rr}t O]i]é‘}i A dHFoR FAGT. AR A 7] 14 A
BE AAAZ F, ABS FEH-o FaFAel AE Fo DC BEHe 2% RHE 2 o]A gt} ABS
TE&Fd A7 AYAF d= FH 24 A S Qg & D0 BEHE 180E 3|HE AA B o]
a5 A AxgE ZEA7Y. 1 3 lock 2 REE 0% 3| A aBIE=S A HX e} A
AAE Aok, 2ga A gyrlel 558 Al ofelte] BlE et ‘ﬂﬂoﬂ/‘i ofolt] <12 A
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g FoA =8 UEiE b Weko 2 0% I Ete] AWAHS 1gs)

dHor Eolrt FaFS sjAgt. wef RFID

A O}Olﬂg} 24 %}—% tlﬂ—c WA A ofolt] BEUX] AE EA LE2 &
=

Fig. 29 Appearance of the device when the bike is locked
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5. 2T EQo| #AM 2l A= HHY S

5.1 224 A4 AxEge] T4 % A4F dAUZ

Whether to hold the

handlebars or not Felease the handlebars. Grab the handlebars.

A picture of holding the
handlebars

HEYT1 readine: 178 21:14:52.848 —> HETIT reading
> HET11 reading: 170 21:14:53.845 > HXTI) read|ng
> HET11 reading: |BO 21714254, 848 -» HYTI! reading:
> HET11 reading: 139 21:14:55, 847 —> HETIHE readina: 4
> HET1] reading: 204 21:14:86,861 —= HETII reaading
> HET11 reading: B9 21 :14257,862 <> HETIT reading
» HET11 reading: 232 21:14:55.860 -> HXTI | reading: 43308
Load cell result valne = HET reading: 164 21:14:89,853 —> HXTIT reading: 4
> HET1 reading: 212 21 015:00,900 -= HETI reading
» HET11 reading: 102 21115201, 872 => HETH reading: 42687
> HET1 reading: 119 21:15:02.860 —= HXTI | reading: 38860
HET11 reading: 103 21 :15:03. 8T —> HXTIT reading
HETI reading: 121 21:15:04,900 -> HXTIY reading
s HET1 reading. 107 21:15205,900 => HTI 1 reading: 35538
> HET11 reading: 111 21:18:06.896 > HXM1 reading: 40518

Fig. 30 Load cell results depending on whether the handle is held or not

g7 BeolaE AFES wo Byold HW AR AHdow Gy YA gEe A=
2o A AAME AFESTH. Y AAME B AM_AV YEtsE BHEola HEE AR UER AL, ABS
A5G 919 Pohd] ABL AUE Yy FAAE 2o Aeneol 4L o e DR 714
of Bedy] wie, 2EA ol o Wl ARsla Aneeld F4e AH Andold
S22 -554,0008 ALl W 2HS duEdr).

2rA g 2d T vyoelm =3 ABS AFS 93 Fn o xS A 9 w oE =H
AHS HaAsgir. A7) E*Eo] A" Byola HHE Yy V2= H&, HAY e /)=
dto] B glola oF# oxF X, ABS "ol 32 aga BHold ZAE JE FAE FAHAS F AN
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5.2 ABS AZE o] wAYZ

Fig. 31 program algorithm diagram

ABS A|z=®l 8l AAAE vE7] 97 AT EolE: dAEE 8. 197 =] ¥k A
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ok, SutFol ARG ZAlA et A o] &ste] Bk 3 Fr1E FAsA o8 I AEEE WEs)
of AAst=dl, o] delEe A5 niF o wE 3JHEHrEet wwo Fow Qldte] wo|=rh A
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O O 29 Aot AR A Beola E3tolE e W AR S 2EA AIME o8t 54

z:;l_
AgA A e AES =] Astel oA W WA 2 FARS TAUT. GA o
grel xSl ol ol dhelol gk nelolast AEHA Wk, AgAT FAA A 2 A
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Fig. 32 Brake operation (reading direction: clockwise)

5.1 A3

HX711 Amplifier

p’ load cell

Battery ! RFID reader
: V L)
\
f
\_

3 NEMA17 step motor

Fig. 33 Completed prototype Fig. 34 Detail view of Sensor motor configuration

Fig 332 A4 ABSAAE ngoz A Z2Eeglojth. AFe] FAomE YA ES o83
sveela, WA VIFE Faske]l AL ABS R, e AME ghes Feke Heola Hv,
A/F vhE o] SRS Sehs FAIM ahe-d, obrolw Bl wE e sh¢-do] Sl

Fig. 34& DCXE, ~RIFE, opfoll HE, mejoln] B, 2od MM, A, sz F4, g
2 5 A st=sele) FAelnt. obeli= Fig 333 Fig. 3420 A4 ABSHE B m=dA 7)) EA
& Frere) Avskalvt.
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i -
1. Ap&Ake] 52 75 RFID @y 7)ol 212 gkt},
2. EAASEDC REE ol &dte] A4HA s Heolam et
3. FEAAY} 2uiwEe o P
1.33m 1.17m
Dry road surface ABS off ABS on(200rpm)
1.72m 1.18m
Wet road surface ABS off ABS on(300rpm)

% Average starting speed on dry road: 20.3 km/h, average starting speed on wet road: 19.8 km/h
Table. 2 ABS results

Table. 2= A &S Z&) =W Aejo] 2 ABSZE rpnd AlsAg S vebd Folt}. &
oF 20km/he] Hi HEZ vlE of AT EQ} AL ofA~TdEA Y HAPgS E=F3QIYE.
a1 ste] mlE ol AT EAE BE A% 200rpm, A WA E RE 2% 300rpmo.E
o] 2 HALA ABSE Sl AlsAR T dA%] AATS FJsa, u Yol AEHEAILLE

rlm

it _E mlm r1r

5.2 &8 Wk % T ad
2= ABS7} wW AME] zpo]lE FA] Q= SAHS THS AFow 1 8wt
A9l Zﬂiﬂ‘ﬂ EaE X4CZ4HA]- = =

= .
ol H& Ak %E*é—% Hol= A9 ZL‘EX*H*}LE et AA 71eE Aolvh. EEFE NFC
FAE ol &3 AadA AHsto] AdA = Abal A= SR ZdE g

5. 4 B

B OAES AAA AEARAR PAE A A4 Aol 1E AF AolHoR wwe]
, g FAst gk, 0% FA) As =l AolE AN
@ AW % LS vhE of2BESE A e ofABES AT W wwle] zold] ueh ABSS]
e ThEA] S APS AW W EAske] ARA AFA dhst ARARARE AYSHE I ¥
e ARG, o2 Fal AF BH AAA AEARAALL ABANT GO Foli
D& FEAGE. @ A = ALE WA Aeho] NC HTAAE Az e
e =S Auld AEshe 4REA BYSAG. ol=x BAA B9 PAYSS A 5
AT AR LG BPHE TR 9l BAR ol RO A, Bu Am, A% AmEE ohlet wzele)
AAAST A5 FEAT, At AAAY FEAD 5 OGS BAE ol AW B AES
Al T ARE a2 AT S vk, dow kel ulg FAlel $ile] FolwA thee
o AAA Aol o HHo] vhid Aoln] B AF Ed ke hiAuE ogd 5 9

Mi=ias

mlo

o u:

e
A
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6. & 7]
A /ML HAET A AANIE APt "o dYor BE S olF #Hxl Az7teoldd
U G424 &L odHo|AYT Be Aot S Tl AN volrhs AL = BEgR A7
olAF UL A LA 71 AL A F "HYENA A= 2E Ao A5y
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