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ABSTRACT

In this paper, we propose a gait pattern recognition method for intelligent prosthesis that enables walking in
various environments of femoral amputees. The proposed gait mode changing method is a single sensor based
algorithm which can discriminate gait surface and gait phase using only strain gauges sensor, and it is designed
to simplify the algorithm based on multiple sensors of existing intelligent prosthesis and to reduce cost of
prosthesis system. For the recognition algorithm, we analyzed characteristics of the ground reaction force generated
during gait of normal person and defined gait step segmentation and gait detection condition, A gait analyzer was
constructed for the gait experiment in the environment similar to the femoral amputee. The validity of the paper
was verified through the defined detection conditions and fabricated instruments. The accuracy of the algorithm
based on the single sensor was 95%. Based on the proposed single sensor-based algorithm, it is considered that
the intelligent prosthesis system can be made inexpensive, and the user can directly grasp the state of the
walking surface and shift the walking mode. It is confirmed that it is possible to change the automatic walking

mode to switch the walking mode that is suitable for the walking mode.
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Fig. 1. Changes in the ground reaction force during

the gait cycle
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Fig. 3. Configuration of walking step detection system
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(3)

COF > MIN(B,zp) AND 0 > dBppp
AND COF < MAX(Fpp) AND dF ppp >0

70

HadA &

= A7 A

p

(2017. 2)
}

°

]

k=l

Fe dHoly

o
=]

Iy

[¢]

dF copp, ABeopp™ HEHETH AA|

84 Mesxsste M1 F1

;oﬂl.ﬂj_w%u T oA B W
e e X o BRE L _® e B B N T .
o = S ®w . §X g _ T oo ®EHmY BT H ONF
L, o W 8 E G - S N = o o s =
OC JI w 1TPI HL 5.0 JI ” ﬂ—ﬂ * WJI M ﬂlﬂ.@dﬂ ,.:L Lﬂu ﬂoﬂ\_ﬁ. 1mr1.,m (=N
0o, 0= 8 3 & o ° %
NI - i - ) T T = woZEARxEL LRy Fa
FE = W gL W ¥ T 2 w K = 9 kR Mo e
A T o B OB X w2 ©_ T ol ww e ™
MM ST op,= > o =P AP mER gy
V& & X Foq g : o2 meu;mi‘_,_a_ﬂo]{ gﬂ ~ B
T~  C S .ﬂmor% < S T g al = S wmy oy =
T | o= I BRW 5 T w [N vl o
N o o= g o T = 3 o o N ol o] < o
e QT o~ s 5 o o~ B L % S oo\ ,m_.ﬂoiﬂulam oo °
T o W S TR oo X I m A5 { o Al o il T
=X w F S ® o, rE 8 - o R o
n o= = ol T ~ e L A ! ° e
NS o N . 2 ol e ~ = —_ X oo
o W S Y o T % s oo = = @ R
7w 2 mFm_zfurwhmoﬂ - £ T w2 ~ ﬂ%%iz@ﬂﬁﬁé e
= B( — o - N NO —_— —_—
e XA T g T.m ﬂmimowomﬂurmuﬂuﬂr gt
< ® 4w FWEIAT ﬂoﬂimﬂ ~ 3| X 5 8 @- o o COEC N R . 5
—uwr SS,u mEidmwg  F FEE P FPuwy P SN
w oy © oW S oo T & 6 5 &8 o N T = S N
o w ar g N o O E T g E PR BT T H
ML X M . W TR yﬁ — Of S W o TR - - bo TP ‘_mﬁ o ﬂAIL ~ &o :._O Lf - ﬂA_.o
Fhaed s 0 xkww P o T K oA%<, <0258 9
X0 TF " o TFEF T NT T nmc - @1% ° o WM
(ap) w ol o BK e Nr R OE m o o
"E T Y oo wm
i anvﬁmam%giﬂ7 ﬂ]f%q‘-ﬂ%ﬂu TR R = =
N Aquaogiﬂ - T R W< = < ~ < =
wp TR ] e et & R = e I " o
OGS o Wk s N =5 =o = N ™ ) ) Mmool N TR
T oo 5Ty El w < RETEo B o TR A i
BN T g 3 o 2 W N " o o o— P T 8 ® oF
I 4| = F T " % B i
g R0 YL = T = op 8 T o S I I T . T
E- el ]ZT7_A qﬂo_] — I Z.* ,l‘w“._\” a, &
= ™ Mo " i tsz & E oM 0 9 =0 S Uw
Ko mo = W R o = U om 3 Do oy Mo
wE v emE LR o @ _xTw 84 MEEgF ST 5
TORRER &g % & oT T 4 h 35 TgoaRY oo
g~ w4 _m T | 85| —|EfE » S TRNU A g FVEN L oo
= HFuzawd N o 8 "eolR P i FCowi¥es g
LW g e LX S PR S T e a3 2%
=~ B s oy XKW 1 2 e o 8= FTER S IL B §
o TN S ) oS gxWT T L TEHww 5§ oS
o N T s o T [ 5 W e o P =9 = RSy >
) T _ x = ! = N o 9 N O <0 o NS X m 8 Vv T
woL W ik B o i W o> 5 W= S N O A I
o Dowo g w T M 5| xnl8 _o_8 58 YL R®Ec s &S
o) = o o . o o o = <ho= & =¥ a2 E Sk= 0 X 38
mE S ®ERTD S E R A - T W
BE SR ER LMW & : NS ! T om m oy I )3
NN Ry mﬁWﬂ_%i it T PR S CAR ) P
— = . LT o
WE B o PN TR M I N R B WOEB T o &
i R W W o X ® o M <

R R
Ziko 7 2w

3

bz

=
=

o) Aol

I

=]
=

ul

kil

ol Aol A

i3

Al A ol ot

L

L

A MIN(Beogp) 7t =



i)
2
>
1o,
.
oil_,

O

(=T

2
JE

'HE

]I
O i o I rt

4 2o A
]ol

ol
R

=]

| I~ = O]

T

[ = )

HC%HA)
o)

o L

2 1 o

Zk(Upslopetheshold) 0]“0] i %
o] WS (HC, oo ) BAY A
F(dF pppp) BT 2 WE AAIZ 22
=3

Upslope = HClppppp > Upslopetheshold

HCdF qopp > dFoopp

(Downslopetheshold) ©]7&o] =i S %]
W) WS HC )] BAE A
Sl%F (dBoopp) BT W& ZAAE UygHe
=3

Down Slope = HCppppp > Downslope theshold (6)
HCAB copp > dF copp

BA AE: 20 AwREe] a7)7F AR

emu Az vt QAR 2, Ao

Flat Road = HCppppp < Upslopetheshold
HCyrppp < Downslopetheshold (7)
HCAF oopp > dF comp
HCUB copp > dFcopp

Lene
Detecfon

foad eonitim
Thresheld

e Contat

—
o Cround aucionfoee

—

Loveldefetion
Al 4

Fig. 6. Configuration of walking surface detection

a¥ 6 Rl HdE

system

(road condition threshold)<
AALRONA DA FFE ol
e AARZ lﬂr‘ﬂﬂ?ﬂ‘jr
AR Q2o A= HCH A A5
(HCweopp) BARETE F7}87] “Hf"ﬂ
Hhke] A7]o] 1A gk (up slope threshold) &
o BAAE 2 S RSt WA iy LHE]EM]
AE HC Aol S]] AU (HC 0000 ©l
PR F7tst7] v SlwA AWyl 57
o A k(down slope threshold)S A A3l ZHAL
2 yges FEgh
BA o TS A SlmXel HAstE A
welo] A Boh AE wE HAE FESHH

]

s

=
zuhs
A

o)
H

Ry



86 Mesx|FeE M11A H15 (2017. 2)

g HE719 Z3E HA(Road condition0), 7
A2 9 =29HRoad conditionl), ZAAIE W9
(Road condition-1)¢] A3} 3tS &3 3t}

= ¢ad Fols o
o2 WEA Sapsh AR Ao A o] By A
= d8 ZYEA V5 AAs AT Ry 7
T Al Aunkdy SS9l AlFEAL
M BPLA Aol do] ddH= FHd 2Ed
AANAZL F2he LFvE s AAs] 2
T SAshE AENEE S S48 AT

T itors o
(F %

A A MDA N A W

4
R

Y7 AW 23S A% )T AR

Fig. 7. Instrument for the ground reaction force

AAgkake gojg F5S A% AA HEE &
EdelAelx] delgHe W A4S % JrE
Belx e} Holg FZS ¢33 OP AmpE ‘A ¥
354 A dkake o EFFEA 2o
MCU(Coretex-m4  stm32f405)¢] A& =™ MCU=
Rgdd g 2 By A% duyZS
g dE °d Adxe Agd BAE B8 2y
Hey Zzadon HEHo dAztew HEd 4
= gl s 4 At

Sensor Board

ol i i Fromt Sirain
" m MCU Hhasteath ‘mphﬁﬂ

C frogram

0 = nt .
(LARVREW) {ata Acepsition) . (Comte —h Fry—
STHIZFAO0SKET) frlde gt vulee

2% 8 Awwhiey 2 A xde] T4

Fig. 8. Instrument for the ground reaction force

o

B e RydA 2 ndgxey 3l du

e

gFe] 284 /e fa HA ¢ AR 229
g etel e B8 AHs WPstdct AbEAe] B
g A 2 Bygey AdS 9% FH AP
HHG e AAoA BHZ 50cmE 4mY ALE BFPJF
Fow MNHZE Y 103 HtEsAT. 2&-WE
ZAAr R A 9] A BAME 10°9] HALRZ oA BE

Kol
£ 103 sl FYsHear

(a) WX| WY B3 () FAR W B3
990 waAws) % waey Bue 99
AEDY

Fig. 9. Experimental environment for walking step and

road surface discrimination

42 A2 29 2ydaA B

o e
9
>
rlr
By
[0

oo lo

o iy
1o
T
Og:(l
vy
)
1)
f

oL 0%

e
=
Ac)
ol
fo o
)

)

(S ]
o o
[o |o

il

o

095
3R

®

l

2

02(;1‘

_O|L

o
®
2
R
Ac)

e oy
1o
o

N o ox I

=

o
=
L
2
n
o
o
f

o o % alo

o oo g
-

S
ol
e
d
[0
o
£
i1
o
ol
e
38
o

=
Og(:t"
A i
jh)
.
o
o
to o
ot
iy
i
[>
m
)
0,
X
o
>~

Voltage [miv)

Fig. 10. Detection condition for gair phase

discrimination (ground reaction force)

R HE L ve 24 A5



-22%
-7%
+20%

o o 2% %

-22%
-5%
+13%

1

-3%
+24%

AL AAE e B

e}

a4

7}

=

o

el et

A ol B
7%

A TH] GALE

Aol AA =

ok

]

%
]

2|
bz
3

]

Ry

5 FRE BB BET LT BB M w2 ® 2
[e0] o o
w0l Jo Jo TR, R T = 2w g £ &
T gl=a = o e — o S| i e o B = Wy T 7 gl 5
2 ElhE & T BRA P TED TN A 5
h iF2 = Ty PlT R YR T WYy = g
ey b e » e ghodrH <2 |g &
i 5 A # MidmToE ®m LgX Ty |7
gl L= = ! - 0 =
8 558 8] a=¥sx TP L RT R B o 5
II \_Iv‘_yle,WTO = g o :i ]XE;O p— . =)
0 U] (L RN B Ppamrg®e " o mapS Ty g |¥ s
i o w0 o M T e O W T oor o -0 T o B 2 S| ¥
H o 5 [ o m PRy T RTE R g |87
ﬂv.._ &U 7] =~ > Mu_ HL H_._ HT_ “.ﬁ @m \m.‘_ q E Ht .Q 7L o z_n M“ ,‘_.l,mqw Eo < W - 8
o T ERE 2 i Ty Mg TN & T E
o | ‘_Agﬂwﬁmﬂ Cy aoﬂomomrﬂﬂu%prﬂﬂ%m%%a_a T z
0 CL TS oy O Mmﬁo%%ﬂ%ﬂﬂw Ewdamﬁomj
el Ny 4= \va_All ~ vl ‘Nvl“w s —~ N < .8 &|°F| —
z WEl-l a G FToONgdEs AT o o, El=|EY
o T plng B W T = PET 2w X P T gy s Clx|F
K =i 2| 2ea Ty @ 2 CL¥LaVTavagyr =i |z
u| 5 3 mE ST e 2 P Nw  ywm® P _mwa FTLg| P
b % < P _ T Em R ThApgwmRe A2 I vw xBF
B Y PR %%W%ﬂw . ﬂeﬁxiwﬁwﬂiwwgwwﬁ T o
H —_ W 7nﬁa@ £ o)) N o K o o E g - 3 = I~ o ...m
M_ﬁ B ™R oS o WR MR TR TSR OHWE
ar
780 o T oW W TR TE S E T
% m.u g ny ﬂom m.._ m.u Mo o o] eﬁ i m X i
[ = | =
oo B2 E A g TV e Suw |
o T T K CZE u
N E._ I Tl X lﬁ =
T WM RO o L, g BI®E _ :
TE T B W ] W o8& 2R XETA :
oy o o N S o mH T E e 3
£ T R A o =s Mo ow i
el N F I 1 w o E g TN BT |
0 Jmu h S & 0
PS5 S _ s 2E =D W 3 .
EaeT S8 : o sw BB S
o E T o N R o N § N M ;
Calaa g ™ EE W om AW
o o 4 B mﬂm . m B E 2 yr oM 5 P 5 £ _
og S Mo ® o o gg wEPmBEOZT
w{%ﬁulﬂaﬂm ﬂw{mm oﬁma W%Wﬂo 3
— — B T N =
R B oo o M%mm Waﬁdwoaﬁ),i
O n X 3 2 =
s T® B “88 TETET OX L
o T . L. — = K TS T . g
K ,Mﬂ .HL ny W: B w [Aw) abeyjop — — " M ﬂ i ) % ™o ] abeygn
AR W & * oS F
WA T oo MW A M i oM e o o& T oW

2]

Beorp
i

=

=

5]
7 39, 2

=9

BeA A3t

]

H

o A
197 HC(D),

=
h=

T

A
A,

T

2]

ZE!
NEERE

21 )

Step
[e]
s

A
=

%

of BaA (

[¢ S
=
=

el
=
5

] &)
=4

=

A

a9 120 B A
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