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Structural design and experimental research of bionic massage robot
based on sitting knee adjustment method
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Abstract: In order to reduce the labor load of massage doctors and increase the opportunity of treatment for patients with knee
osteoarthritis, a bionic massage robot based on sitting knee adjustment method is designed in this study, and its simulation analysis
and experimental research are carried out. Firstly, the improved D—H parameter method is used to establish the kinematic analysis
model, and the expression of the end pose of the massage robot is obtained to calculate its inverse solution. Secondly, based on
Monte Carlo method, the work space of the massage robot is analyzed. Then, by collecting the actual massage data, the functional
relationship between the doctor’s thumb thrust and the patient’s knee bending angle and the equation of the fitting curve are obtained,
which is used as the basis of the output force control of the massage robot. Finally, the prototype of the massage robot is made and
the massage stroke comparison experiment and simulated massage experiment are carried out to verify the overall feasibility. The
research results provide an important theoretical basis for the design and optimization of the subsequent massage robot system.
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Fig. 1 General structure of bionic massage robot
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Fig. 6 Massage robot working space

3 EENFESH

N T AR R A R Tk AR ST i
s 3 A2 TR A0 7 B A RS R A R A T 1 ) 4 5
B, S FH R BEAT AL PR AT

3.1 mKEHSH

SRAESZEG— T 100 4R CE B, RO L
P e K, AR S e £ 15 A8, 15 B B
TRBRIGOCTY R Z AL H & S BRI Sh A B . 7F
XTECHE HE AT T AT 1 DT B 0 B, SR ZE R 30 i



44 oo ®m M5 M OH

ERRES

WU ELGRE 15 20 BOA R R 2E

Jert S 15 AR R R EI(E, JF B ATIHAR
BHME, BAERRENILRE 2, RIEE 2 7[5 15
U S I ) B RHE 1P EIEA

15
z Yi

y = ‘12 =73.45 + 70.21 + 69.92 + +eee +
73.67 + 79.36 + 75.43 = 74. 45 (6)

Horf )y FIORE KIS EIE, v, TR | i
KEIIMHE,
KB I¥MEE TR R R AN R iR 2,
RN 3, TR — D 1SR 2E
V=Y Y (7)

1 2 _ 2
:[ﬁ(<_0'99) +(-4.23)" +

(-4.52)> +-+(-0.77)" +4.922-+0.992)]%'=
3.10 (8)
Horb, o FORFETIRIEMBRERE ; v, FoRFRIE;
n RANFEAEE
®2 EERXENR

Table 2 Doctor’s maximum thrust meter N

Fo &AM | FS RIS Fe wmKIET
1 73. 45 6 80.23 11 76.72
2 70.21 7 72.07 12 73.96
3 69.92 8 75. 65 13 73. 67
4 75.84 9 76.48 14 79.36
5 73.39 10 70. 38 15 75.43

£3 BRRENERRRE

Table 3 Residual error of maximum pressure value N

¥ % ¥ k% ¥ e
1 -0.99 6 5.79 11 2.28
2 -4.23 7 -2.37 12 -0.48
3 -4.52 8 1.21 13 -0.77
4 1.40 9 2.04 14 4.92
5 -1.05 10 -4.07 15 0.99

MFE 3 s 5 6 B R AT iR Bk, MR
P 30 HEN], RAFIRATIR 2 .

l v,1=5.79 < 3.10 x3=9.30 (9)

FIHCRT R, 15 2 A R i 2 A B A 1R 22 140
& 3o HEN, RO AR 3o I AT LK) i R g

ANEARARE 15 HEHRIIAE R
3.2 EHAEME
TEVRYT I R rh B SR SRt R AR R ki is
SR MER MR, R TR R SRR
B A KARHR HE T AR 4k, N R I RE A A 3l 57 1 2ot
PO BN - 7 TR R R R OGS AR
“47 o BB M B p R AT B b B, OF
2 SHOS AN B 7 BroR o B A KRG HE RN
SRS A AR AL SR e — S 4 R i 1 — >
AR, FEMROCHT MR 00 BT, B E BLL AT, R AR
KARHFEHE )R B B KA,

70
60
50
40
30

FHE RSN

-100 =50 100 50 100 150

it 25 b A7 2/ (°)

7T BRTRE-FEEARSE
Fig. 7 Knee angle—finger pressure scatter plot

SABIIL A TR, B PERER
PG A | BOR B 2 I ER AR, 2T
S BURIE F TSR B S 3 SR 5
LU — S SRR R .y T S AF RO
B SEHLAS A B AL B ) F R L,
LIS 15 41O A T — A48 65 5 o 3
Origin IR AL K PF30E 7 I LA, AR4R 420053 1
5 P — 6 U R 2R A4, 1 S 2 8
BT . LA TS 3T I T 90 1 25 i

KR A R, b TR

y == 0.008x> — 0. 042 78x + 70. 063 77 (10)

PRI, p J 0.001 < 0.05, FI HA G2
B,

MR P 8, 8 T A B R i K E &
T 90°, BRT M EEALIRAE A B iR 2 LIS, I
(18 i DR 0 N, A 42 T R 1R A AR 1, 4
JAE AR fo B — S A SR /MRS | R DG 1T R i
FBE SR AR, 2 I a5 45 w0 46 A BE R /D SR B ss
WCHE SIS T7 58, IR AR IR ) 4 (B B B I, 46 55
1R IR



EE, G T AR RO A HEE LA NGBS SRS 45

80

D
(=}

FEN E i (PATA
N
(=]

[55]
(=}

0
-100 -80 -60 -40 -20 0 20 40 60 80 100
TRIEATBLIC)

B8 BXTAESELENALXRE
Fig. 8 Relationship between knee joint angle and doctor’s thrust

function

4 EEVFABENLE

M b SO A= HE LS Bt oA, A
IF I TABC AL, Bk blas Al 71k,
FIHFEALBEAT A OGS0, AR S F 250 2 &6
g% — T AETREENLAS AT TREXT LUSESS 255
FERMNALE BT 1A B B A R R 4 K
S GE AT 7/ N M I L N R g M e LR RS 1 *3
AR Z )35 1R B 1) 2 A e A5 100, b I 22
HERTHT N Al R T A S, IR
FEH LA 1 S HE T A it Ze 04T 6T HE , 3 3iE S 56 A
PR P51
4.1 REITREXLLIARE
4.1.1 ZERHR

5 A Fe P T A ARG B 2 p P A e BE AT
TR, PR A TR S 0 IR 0 3 e B AT B 75 3k B
VO EORBIAT % EATRE N 3 5, S — 2 i g
S A BSATRRM 1/3 &b, IR 7E 173 A WEAT T
HiuE A7 T b BERE 200, VK &2 SR T 1A R ERE
20055 A SR AT RE MY 1/3 AbiE Bh B BAT R
2/3 kb, S5 — T A R e R B S = T &
HERFITCIEAR ISR — 20 b B e i sh A | B I H g
SAF 1bis B R G S R AT A B, — 3R T
15 2525

R 1O A I A EE HEAT B 0L 28 R
Micron Tracker XJH&EE S i kA 7B il &, A1 4
LR Micron Tracker FR% [ a2 T-4% B8 Sk il v , 18
T ECE A AT DS B B R e i 7 B S, S
PR st Al 5 A R TR o, A A 67 25 5
7R (E PC L PREFARAPRSZIRRE B ANIE 9 Fi/R

B9 LBEEE
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