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Development of In-wheel Actuator for Active Walking Aids Equipped with Torque
Sensor for User Intention Recognition
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As life expectancy becomes longer, reduction of human muscular strength threatens quality of
human life. Many robotic devices have thus been developed to support and help human daily life.
This paper deals with a new type of in-wheel actuator that can be effectively used for the robotic
devices. BLDC motor, drive board, brake, ARS (Attribute Reference System), and torque sensor
are combined in the single actuator module. The torque sensor is used to recognize human
intention and the in-wheel actuator drives walking aids in our system. Its feasibility was tested
with the active walking aid device equipped with the in-wheel actuator. Based on it, we designed
an admittance filter algorithm to react on uphill and downhill drive. By adjusting mass, damping,
and spring parameters in accordance with the ARS output, it provided convenient drive to the old
on uphill and downhill walks.

Key Words: Intension recognition (2] =It2}), Gravity compensation (52 £4), In-wheel actuator (2/2 TZ7|), Brake
module (20|22 &)

7184d9H q.ma = Target velocity

M = Mass constant

7,= Torque measured with torque sensor D = Damping constant

7,,= Torque caused by walking aid mass

. . K = Spring constant
6= Angle between ground and walking aids

q = In-wheel actuator position

1. B

e = Position error

Copyright © The Korean Society for Precision Engineering
T'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



December 2014 / 1142

o]
e gEum 379 glom, 20149 @A S
= AT7F A AT 10% ©
Helstth, duld o=z g
Asr henivl, 0 9
AEs g
o) Qete] nAT 9N FEe] gasi
Ao Alg Fel&e] Aqstsh AF Aol ¥
A7t BT o el %7449l
wEQAT ZOlEA A, ol AFE7)we] A
2 olold 4 9tk oleld FA wWet A o
g 259 7% AsE nxs) A% 55 19
nzslel ug el ek ek

YEA 55 mARzr)e] AFEE Hapica
Al Guido®$} IPAAFS] Care-O-bot’o] lom, o]
BPRx7]= Aol mAM et 253 AA S
gsto] FollEd AFom dAsta 39 5 )
t}. Carnegie Melon tH82] Robotic Walker*= U] R] A
ol ko] AgFo W ATE WA
ey olEle AFES BRI o]FA H
S 1Y A& T 7T Ndel HFEA
on, B2 AAet HFF Anglom Qlete] A}
S BB E7E ARERl lolM 7s %A
o} z2ke] oy zo] LA

oﬁ‘, EN

ole] B mRoAE AMEAZE Bk g3 st
stAl Z2&e ¢ v BYEzV|E Jdstas) g
o Hxe] 2377 glo] AgAle g Thobst
- »i = Q1™ 57 Ui ENAE Faet
R AR 93 JFge BT £ JnE A}
O|ZAMAME Azttt ES, EFAMA S} Ao]l=
AXE o] g8to] ALEA7E Bp Qbdstar Hels)
A BYRZ7E T35 5 I=F Ao daugF
S JfEEion, 7|Ee nydn e HA A&
iy %E% 7571, ti x1101717} dA st <

71€] *éﬁ] ‘%‘ ?*é %‘*% 7H‘f—'£°ﬂ T’HOHH *éf’é
T BEAAA B Ao RAME o] &7

8w tel 289 Aol

Controller
(with gyro
sensor) Brake
Torque Encoder
sensor =
210
i mm
Ll
Harmonic Motor
drive
(@ (®)

Fig. 1 Developed in-wheel actuator: (a) Structure, and
(b) Size of in-wheel actuator
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Fig. 2 Torque sensor
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Fig. 3 Brake module: (a) Design, and (b) Assembled in
driving module

Al7IH &9 A5 mydoz ste] -3 3
S 3 g A "o o A&ty s &
H(slip ring) S AFE3H HW &8 2549 9
A7 A ool B 03%%1]*1% B4

Fig. 2(a)¢} #Zo] RE 39-A 3 sry =gt
A g el-2~Z 83 (circular-spline)  AFo]ol]
EJAATL 3dstA] FowAE FE T
A & A=E AAEEY. EAAE

2 erslz] fElA Fig. 2b)eF 7ol
22X 3 Bjoz A en #3taiE)
ool £30Nme] EAES FA4Y F RS

Frue A4t sk

e 2 lo

%

1a

d
oflt
o

|

B Q0 oox HToox O X orl o

2 o [T ooft 14 ok [m g
T

2.3 B2go[3

71E9 MR Belag ¥ FErld A&
a7 flaA BE Fol HER ddsid, Q&
5719 Fo] AAW FAE F/ e B AF
A= Fig 39t 2ol AP FE7|9} 22
g3t Byola FEHE FAen, o
H 39-4S e AAs 18 57
Wk o] TUHE a@} a9tk Fig. 3(b)= A&
H Beola HEo ¥ HEFo|th

Mg o0 2

o, it o

Load

In-wheel (Ckeceel

actuator

Moment
arm

Torque
29.43 Nm

==

Gyro
sensor

(@) (b)

Fig. 5 Controller for in-wheel actuator: (a) Controller

board, and (b) Installed controller board in
actuator

2ekg ol AFE~TEH A %é% ey 1]
6° AAFZ A 100 Kgo] Abgho]l ¢F 20 Kgo] .3
B271E AAA A %Zé@zi A A
AdMAM = 13.5Nm o4 Bzt 27345, 7F <l
g FE7el= 6.75Nm o] AHX EFAV TQ
sohd BEolAe AXHE HFEr] Yshed, Flg-
49} o] Ad AAE FAIAH. A" FE57I

gto] ZWlE & Adsdon, FAFE 9
43t B35 WAA|IHA AX EaE FA5)
Ao, 2943Nmel 4] F3 EIE HE F IS
3kl sk,

tlo

A

0.

AF 5719 Aol7]E Fig. 5% 2ol 4
bl om, Fig. sbyeh 2ol Ad 7%
7) ol ARG Alcl7)i= s, Aol 2l

Of

N, B3N 5o 7% 25 Ades A5 A
23, uzﬂ Sl Aelsh: wAcla FE 4F
Ao} A5E olgad AW TS FAATE

<1 Zﬂoﬁl ToE TAEH



sH2H Yo x| A 31 H 125 pp. 1141-1146

December 2014 / 1144

3. 218 F&719 Aol HuEE
2l

AF FE719 A %ﬂt Fig. 62 o] Ab&
Ak e Thehe 29 e BEadAe] wgs
o] &3l =A3 T 01‘:13]51/\ -“Ei(admlttance
filter)& ®3lo] S iE o= wste] 0¥
TE718 TEstE Zlelth. AMEAE Hen x7
= AMgshe *C}EHOM %o rpoprtarzt ghrhd
BYPR x5 oz UA Hm, ojuf ApEAtS]
g o= Qg do] QAF FE7|e] EAAA 7}
ok weks A FEr)e EINAN FE

3 AbgAte] omE Fold  glom, *}%ZH
olw 7t Wiedy EF9} ojumeE s FEE ALL3
of ¥ F&7] Aol d¥el ¢, & AN T F

Utk olwf Ag¥ ojEwE A HEHE tho 4
o2 TdHTH
Mé+Dée+Ke=rt1 @))
71, ¢S TMEE 2l ¢k £ A, e &
A eatel, M AZF A, D= ¥3E AT,
K & 24 Aot ¥ AFdAe AR 4
A BB Z7E ALEe7] $ete] oj=nEa I
He g &2 ALdEAT. A)e BeEstd 7t
£n e 229k 2ol AlolrldA HA5HE 9
A, S Jalﬂ EAAAMY B oz vekd
T Ao
7—De+ Ke
2
; ©))
G=¢é+gq, 3)

AQH Fe tER oxE AY A7 =

HEH A 55X ST (G, o I F, AR
HWoojEvEs gz Qs wdd ¢, 8 =ET
= A

HYRZ71S ARl gloj AApr oA <]
&2 Fo7t Fasiy. BYPnzr|e| AFow

date] emud A= F7HSL Flo] Lasiv,
iRl A mae e g7t )
< & vk wEkM 2 AFelAE Fig 79 o]
AR EA Al E Tl WdE Aol=
ANE ol g3t AARE A8t HAsH] o
sHEs g f9g ghe 2dste] AbgAe] B
P gHHoOT HEIEE ojruHa FEHE

Gyro
sensor
2] ,
q,49
v Vv
Torque Admittance qud‘ In wheel
sensor filter "] actuator

Fig. 6 Control algorithm

Damping Damping

Fig. 7 Damping parameter adjustment depending on
uphill/downhill

AASYG e2u AARoAE ojEnEs
Hel 9 AFE Wil AeAt eEve
A SeES shglom, Welu BAR A

2 golA Abeate] wa e Fuasit

L)

)

4. A A H
41 48 A5

AeAE AAapl A9 A8 FAHA. A
A7} wAREAG olgtel FAT ), FAzo
b 93 AF g WskAA 49e FAsA
Fig. 87 o] 918 7571 AA $Foz B9
@ 9 F W, omvEs Byl 93
gell oI% 1F FEI9 FE Fus) o
SRS EREL

o
do
g

42 A¥ 21

Fig. 9= 2% Al 32 0.001 kg, ¥ A4
< 0.02 Ns/m, 2213l A Al 32 0 N'me =2
AA st ANES Y39 uw, JF FE57)
7 B olo wE 9dE FEr|e A9
55 Uehdth o] Alf AH e =1 A5t
NN BIPIRENE 88 wB 7}A4sle] e
3 e AAZ Aol T3 ddoe B



December 2014 / 1145

(b) High damping
Fig. 8 Algorithm test
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