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= Abstract=

Automatic Stair Climbing System of Wheelchair
Using Articulated Crawler Type Mobile Robot

Jae-Ho Shin° Young-Hwan Han*** Eung-Hyuk Lee**,
Byung-Sco Kim*, Seung-Ho Kim*, Seung-Hong Hong

In this paper, describe the automatic climbing wheelchair system use an articulated crawler mobile
robot. This wheelchair system(call system) is composed of sensor detecting part and wireless communi-
cation part with PC. The sensor parts are consisted of sloping sensor and ultrasonic sensor part. The
sloping sensor measures the sloping angle of system, and the ultrasonic sensor measures the distance of
system’s front wheel center from stair. PC will generate the operation data to climb up the stair using
the measured data and make primitives for the system. At first, This system transfer from sensor data
to the PC. PC calculate the operation data to climb up the stair from the internal algorithm. We sim-
ulated the system in various stair angle slope(25°, 30°, 45°), and tested it on the real staircase with
width 37cm, hight 18cm, Angle 26°. There were 0.350° - 1.060° Angle errors while climbing because
adapted sensor has a precision 0.35° in resolution. Finally, We implemented the sensor detecting part
and the wireless communication part, and practiced our system in 4cm/sec speed.

Key words : Climbing method, Articulated crawler type wheelchair
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Articulated Crawder Mobile Wheelchair



ANz 9 YUY ARe} olF ZREF o]l8q WAl AT A 59 A~

rear auxiliary track Front auxillary track

main track,

Rl -R2
bz |

0 = 3‘,.4[

. 2EE T2t gAofe) = XAl(1)
. Basic posture of articulated crawler wheelchair (1)

2 AT A4 AF 9L 0D 2" 74
32sh o] BAY A=} WAolo] 283 Az 2
= 3 ol g 7
A o} pedld +9 FnEe A4d)
Y aze} WAofel Waig Fie A
3 Ael F4%E

ox l"lO

5=
Aol Helebd $AFER FHEAL,
Aol 252 elel P2 Fu BYsh, =
FES A 94 ZRE AA o

2,

2 |o w do
i
& op
n

- SH g2l

HHE O=2a} gAojo] S 7|8 XM
Av-ellA A4 HAHY a2} Aoy} A 5
e 71884 F =dz BE =49 o) ue} &
67k 2 vFoisinh. 67179 7)EAAE $9A] 5 A
H ZAAE © PA F8 24, @ A 2] whA, @ A
o $Y @A, @ 54 nxY DA, @ o] B ot
AZ e ok

olaf 1,3,52hAw 2% 3o, 29 4, 2% 5& 1}e}
U vk AghE AsHA $9E7) $)5be] 13004
HoiF= AAY o B2 Edo|v} 93} Algtdzte] 7
2l Si3t #AY mge} Aol Y43 e FEY
A 0.9 d¥gte R FAY YAl o]F el
TR F Ed) okF] Bx 2d9) 7} ¢, § Alo]9]
78 Fafof gl

2% 38 #HY mZe A $44 HAFR 5 <)
= L35HA AAEN kH 2z Ede] A7 = uirz] e
7elel Si& o ¥AE Edo) 2w 233 M) glo]

e

Eal

. ZHEY 322} gAoe 712 XiM|(2)
. Basic posture of articulated wheelchair(2)

=y

F mde] ¥31 A7 A4 e 0m
£ Aeielch o) Wl a, 47} 743

Edo] gHuef o} F Ed 3o
o, F =3 Bz sdo 7k golzl B3} R
2] WA 2ol Sja) A A7) 658 W o1 — 057} o] A}
Aol F eds nxedo 247 g, 87} =k,

a8 4= DAY A2 FA7 $94] AR 5 9l
23R AR Bdy = E) Bler) Aol 35)9)
o Ze At AAEE 45°2 8] faiMe, + 4,
455 AAg} of7]d 0, & FEAS Agwzte) 7}
A, O F EYA o BE BEdg E wrE o] 7o)

o
.
Ll

L.

L
K=

=

=

o

o},
Ate] Axpzte
tan(6,+0,) =4S W:—ta—rf'y% (2-2)
tan 0, = 1L, = tafb—; (2-3)
tanz?ﬁ’r]lizﬁz) - H,i—I‘SI 24
" 0, = tan! [Hf'sl tan(ﬁl-i-ﬁz)J 2:5)
ola, olu @, B &
a=nx—0;+0s Bf=x—6;+ 0, (2-6)

olt}.

¥ 5 Ry AR WAt £94] A4 ¢ 9



BER T EE

% 5. #EY 3=zt @A 7|18 XAMI(3)
Fig. 5. Basic posture of articulated wheelchair(3)

v 4R AR Aske] vpAEr RlelA] 7R E= S, 9
WE Reot A 37] SlshAd AabAle] 0, 2 F BE E
AE WHFo 24 FelAlod Rl a & Alofste WHE
Zr}. St R.9) Fteol dAdg 4, o ko] 00] HE=
a5 Aoght}

Awte) wiAste. S > H + offset Aw oli, SAZk
H ¥t} AA offsetel +3em Br} AZ&w Alde] upx]
o BR9lg QAE 4 gk

A7)4 4, = Awke] 3 Folold 7t F e 71
715 =g

AR 2] AL

il

X = D sing, 2.7)
in— = sin(0, + 05 — 62) (2.8)
. o D Sil'l(gl _
s 8, = sin <—D2 )95 a.) (2.9)
ol @, B =

olct.

2) A ¥ guelE

B el By 22t Ao} A% 44
AHe FAN77) A F Edst 4F BE Ede)
@ B & Aoise] 39 Ede] Adst A PEH=
2 Aol & & Yk LRYFE AL ¥ dnIF
M 7 oF nE mde] 2835 ANE FEHSD 3R
A Aol A2l o6 Abgstel £94) VAl A
Ag F 23 wx sazte] 255} Haoh AU A
Wit Hopgk A5 & 5 A Aciurh

A 17 |, A 13, 1996

2334

a7 6. A gAofe =8 F st
Fig. 6. Forces acted by articulated wheelchair

[4] — A 594 AAele] & G AR &
How %9 Ak

(2] QA FAel & FEAs vz sdd A
gahi 3 WE(PL Pr, Ps)& 29 63 Zo] F Eds)

ux sdo] AW mi Antel FowA H4st Yo
Y e} A 72 2de) dRSA $AE S Aw
2 2 Qx £9¢ o5 UR% F Eds} nzed
Apole) 742 Aojate] A el Fho] o) FAXEE T
o}.

At 58 HEE HAEE HELY

[1 =A] 23304 RolF= AAEH 27 10(a)9] 4]
EHo)del] Rod F& AXNY HolE Y Aol ge
HAE Fysh= 2HA.

[2 A ] 28 10(b)e} AlE#H o] RAFE= ZAHH

S, ol A Ak AXsta o EEH] At AAH

+9ste AAEH S, oA FAEE HelHE 73 A

Acre] Artwe] wel o] AAL g 270] HES

Bz 2de 9XE Wi} Aojsly 22.8& § =3
Aolgezsn § Bx =do AE WHisly 54 3
= AL

[3 =tAl] 23 10(c) 9] AlEH AN B F5 A
B e Ed) 5 EYE A 2F 2 A S,
A4 Awte] vlxut B-E& FFA| S Fdste AA.

[4 AT 28 10(d) 9 AlE#H ol RodFe A
S 9 7 delelrt Al shtel Eeo] Bk A A&
A G Rz EdS Y o9 AR G BE EY
7 F EdE Aoty o 27 FH HE EYE
Aoy gt AAl.

[6 &tA] 2 10(e) 9] AlEd ol dellA B F

Y 59 o] i AT Fo] HAE

ALA.

[
1o
o}
31

=

7

= A
24 3

-

L

L.



Al s 8

Jg 7. A4t s

gue|E
Fig. 7. Algorithm of stair climbing

3714 t = 8 W YA A)7H(sec) S HEMNI t+
1 & A|7ke] BE-¢ ikt

o
=

28 7o A% 549 daelEe] B vebdch.

AlZeold W MEdT
2 el A Aekata Azt

E L 2EY 322 gAH0e MM
Table 1. Real dimensions of Articulated crawler wheelchair
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