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Abstract

In this thesis, we design a robet walking helper (i-go walking helper)
to assist the elders’ motion and reduce the possibility that the elderly
falls down while walkimg: This-research proposes the robot walking hel-
per consisting of a support frame, two carters, and two wheels equipped
with servo brakes. The design is based on the concept of passive robotics,
which uses servo brakes to limit the velocity of the walker. I-go is a pas-
sive walking helper as this assistive device will move only when the us-
er’s force is applied, so-called passive dynamics. The design is based on
the concern of safety. In this way, the user will not fall down due to un-
balanced force from inappropriate active force. Meanwhile, a control
algorithm is also proposed in this thesis. According to environmental
sensing, obstacle avoidance and gravity compensation functions are built.
When the elderly pushes the walking helper in the unknown environ-

ment, he/she knows how to avoid obstacle. When walking on the hill, the
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elderly will not slide down from the slope. The algorithm much en-

hances the stability and safety of the i-go walking helper.
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BHOFTHE S REEALFHF RN TEOPERES oD FEE X I EF
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Her BT A2 ek 4 /A E(f /) o B REE R AR AT 5 (2.24)50 0 £ I
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& AP -

M g+Dgq=SF, +SF,+C"4 (2.24)

2o,
17



F=[f, nJ] (2.25)

f, - @y HHe BrE 2 ok A

N, : B $H e Ber A 4 hE B B

Am 2 TR ORI B AR TR L g AR BRI RRIEFEREY
Z_ ¥ ABESE > T MREAE TR 2 s ficde 1 0k v (Fuzzification) » ¥ d ;{?Jﬁ irid
5% LR & (Rule Base) » fie & i+ #.48(Decision Making Logic)i4- 2 # 0] > £
%3 fR ok 1© B o (Defuzzification) > 14 7 B OB 4] B~ Wi fhmb {788
Eorg A F A /A E(f/n) 0 Eadhdndla B E e ) SR o
PR RS BRORIT R SR AP Fagm BRI R AR B B 31:?] RREE E ok
FI3 3 E AP o R BleBI2.4() 5 B A R TR ]k S
1 e F12.4(b) 5 7 -

input - output fo
Fuzzy controller for Jo
output 77,
Fuzzy controller for 71, —

(a)BERY s o2 4

Bl 2.4 (518 % S Ao (b) & fom i d) b S H(E)
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Fuzzy Controller

input Fuzzification ,|  Decision , Defuzzification |1 5
Interface Making Logic Interface

Rule Base

(b) & okl s % 4
] 2.4 () KR 528 Ho(b) & HoR o)k 2 4

Bk RS o RIRE 0 § R A 7 e B R o B R
WA AL A R R B k= B > = > & S Dleft ~ Dfront ~ Dright » ¥ # ¥ =
B> =7 s DIRRRY Pk EIERE D doB2.550mm 5 BB % 5 (2260)58 0 H Y
sonarl~sonar9 it % 4 A2 5 AR B E & BT Rl epEgLE o 4 B2 B> =Dleft
s Dfront ~ Dright® 1% %] = B 4@ 5 A SmgEin P~ e » &7 3] = B > =Dleft
~ Dfront ~ DrightsnfEd @ iz = B2 27 i HIRRRES b SR E » kg
e ik 1 41 B ol »

Dleft = min(sonar1, sonar2, sonar3)
Dfront = min(sonar4, sonar5, sonar6) (2.26)
Dright = min(sonar7, sonar8, sonar9)

H ¢ > minfunctionz v @ = BHEciE ¥ k] B

R R i e BT A 2 enF /4 (N, 0 R 228 0

)

sl (T Rl A D L RO R > £ I %] REF R DE kﬁzﬁﬁ?’iﬂ%&&
(membership function) ; @ % 7 @I R@EbFHiTd g L BTk /4 E> AP

TE O A2k Rl
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near near near medium
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fofiohs b BB E & AR
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» B2 g

=

R SUE A
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]fjg—;\:llﬁﬁ: ‘T
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Input
membership

very-near near far

/ v _ Sonar
0 50 100 150 200 250 input[cm]
(a)ﬁﬁ?ﬁ% & FeDfront
Input
membership
very-near near far
/ v _ Sonar
0 50 100 150 200 250 input[cm]
(b)ﬁﬁfﬁg} S #Dleft
Input
membership
very-near near far
. . - _
/ \ . Sonar
0 50 100 150 200 250 input[cm]
(c)ﬁfﬁ 3 #cDright

®2.6 @?J » %&ﬁﬁ?@ I e (a)ﬁp’?/i% & #cDfront

(b)§F 5 #cDleft » fr(c) i o #Dright
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Output
membership

small medium large
force of
0 50 100 150 200 250 response[N]
(@5 e
Output
membership
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Moment of
45 =30 -15 0 15 30 45 response[Nm]
(0)§ o 3 e,

@2 7 ﬁ%] a %&E}F \:llgii (a)ﬁjﬁ }% \:lvﬁﬁ: f ‘fr’(b)ﬁgﬁz “llﬁ'{n

C\

“
)

A e UL A RE R S T L TN PR Y
FUPp 30 P T R AR AL R T T 2 - BAFRRIEE ARG £
_Qmo.-_nl‘ ';;%E]J}img41—\|_§}i—r5ljgj%

(1 ¢ 1%%—%{””&’ B E s EE

(@) ¢ % jenah LA
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P> 4128557 5 8 kN, % 2TH TR TR 0 deFI2. 955 -

drxghf
far near verynear

dfeﬁ far/ large/ large / large dfmn.t

I
I verynear
near 1arQWargt/large I Y
Rulel:
verynea/ larg / larg / larg / I
| |
! | r.tghr i
id | far mear__verynear dfmnr
| Cleft fa%nedium medium Aedlum l near
| f |
i ne%adiwediuwe‘di Rule 2 i
. . l I
veryneﬁla medlmﬁedl%diu@/ i
I | |
| : i |
J Rule3 | far - near__verynear dfmr
i - far
i Ne€ar “medium A edium
verynear ..

Rule 7 Rule 6

F2.8 f, ks irdlan
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verynear
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|
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l far hear veryne a{ ﬂfﬁm:
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|

dr

st far"ze NS _NB 1 Lear

i

‘l.."EI"!,."I'IEqu F'E/F'E/ 7H

| far near veryne e

| Fom
Idfﬁﬂ fE'EJfEE /EE /NE far I

1 20 Ry iR Al

fEtich 1 06 G ] B 06 fRHOR 1 SR G ) T
TR e T Bl B X i T * o il it o SNy R
% 7% mean of maximum fr center of area > *#; < # * center of area 17 ;2
koo RO T B AT > BB i s w1 E w2 (center of gravity) 0 € u i B g H

e L ER L L EREE S BRI UL ES S g

IR

gl DR ER B 2 5 Q27T 4

3C,Lu(C,)]

Ceriep = (2.27)
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Ay 4 B e R enC B 4 /4 dE2 B enBl 50 Tl 22150 - #
EA ) BBEF R E TR RaF /4 ELHE A TR R

B BMGSN AR =R Wl e RER Y SRR F A

BB EDWR I
23 A €4 AFEFIHRT

ERE TR SR LA R R EEEEINCE RS L Lo
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PERTH o cEARY FuerBE RS R s k6 R
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LR B gkt R AT i A R G i}zi

M g+ Dq+SG = —ET, + SF, +C™ 1 (2.28)
2o G=[f, n'FAEdHE AL has L Y BT A e
SRR R FES R FRFR P BTSSRI ES A
fg{ié?—%zjxﬁziﬁi?]ﬁf—?iﬁ%%f{d g i g ﬁvﬁnésg,?n\;gfé%dﬂzﬁ%i%fﬁ
A TR EE L B SRR Zphh i B ARE AR LD SR
e - & (pitch angle) a £2 *2i& 4 (roll angle) B> #f & A Als F 55 & 4B 2.10 #7757 >
QERABMTAERE A S ED e bB R E GAMY BTES DL TLER
Wt BAME PR el P A BE OB R B - LB R G L]
SHPEBETE mgand T o I Wird i i o Y A EFE mg sl
A PHN A RECBERx Ny e st o HY y2 e d L —mgsing ~x 7
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whA A S -mgsing o Fla B FEE B R EA KT BgEY BT Apk o
SRS Sl AR A leom BRI eSS SRR S ¥ RN LY S M ri
B4xE> 2 leow = W & %‘rﬁi.uiv}ﬁ:’.ua R EEdE » 21 (229):8 & 7 » o

BT R sk A 4 G A ]

f —mg sin &
G=| °|= ,g (2.29)
n, —mg sin S X Iy,
Inclined plane
/
a )
\I-I 11
w I 1
(] . 1
\ 1 mgsiny cosi
/\ =mg sin o 5
x__l I} ) \
'_I‘.l i.: :J ; "O ‘I '|I
Horizontal plane x & . \
= B
B210 # & 2 Au b 5@ W8]
hbatd @R AAR P aE 4 04 G B PIRE D BIE A R 3
PR R TIE A A A I RURE D B aEr R e B
shivd 4 /4 sz B ol Bt o T Q2NN E- HirdIA /A 4 B ] o B
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REA A /458 B~ o &R 44 e RIRE S BAE LA

EAGHEFE RFR i FH L b PR A kTG o W
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27



SEEER LA R S kg k0 P E LR L WS B AR
B g R g 2 [ e > ¥ )% ¥ 8 % PICISFAS2 N 12 A/Di 3 e » 3f B 4o i@
Ry DR E IR B WA LR GBI PR S B LR
WAl A R, X EAGRERHE N AR BRERES o AR G R E
PRSI RS T T Rl KR T TR E

FHH R U R RS NE T o

EHE

PCB g

sensor

B13.2 i-go 17 #- 4 24 B X 3R

28



(T 2] h ST AEAeR] 3.3 1 0 0 PC G Eds o MR BT RE T

&4 FiE RS232 BEECE > T 02 PC &P £24] E PICISFAS2
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Range +/-3g
Sensitivity 300 mv/g
Sensitivity Accu racy(%) +10n/a
Output Type analog
Typical Band Width (kHz) ~ 1.6kHz
Noise Density (ug/vHz rms ) . 280
Voltage Supply (V) 1.8t03.6
Supply Current{max) 4= ¢ ‘ 0.18mA
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