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Development of Interactive Control System for Bionic Manipulator

Based on Leap Motion
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(College of Science, China University of Petroleum( East China), Qingdao 266580, China)

Abstract To solve the problems of the natural interaction and efficiency of the bionic manipulator control system, a bionic ma-

nipulator control system based on Leap Motion somatosensory technology is designed. Leap Motion was used to collect the coordinates

of key points of the operator’s hand, and a novel hand posture algorithm was proposed. The space coordinates are converted into hand

angle parameters. Finally, we controlled the robot to complete the synchronous bionic motion. Experimental results show that the sys-

tem can control the robot arm to simulate most of the human body’s arm movements in real time.

Key words Leap Motion; human—computer interaction control; bionic manipulator; somatosensory technique

BLER NBORAE A 3 el i 28 A4 4 e PR
Gl Z 4 W R R EAE Tl SR 15 1 132 19 b
FIU B A B R A R B R, N T B
BRANSF 55 A b TS Ak e R H i 2, iRk S5
AR — M BN TS5 8 H ) THRARMLA . 1
AU AR P as A A A&, T HZAA
H S R S S A B[R] I SCREAR BG4, Mo 2
MOIVERE XA RS B0, REWE 2 B R 3 DL ROKS 4
(FESS Bk 70, DRI 7 5 2 v 52 T e T
PERIAR 55 Gk b 2 B 1) SR 5 A HLBUE =
— RPN RS, LM RERZ K
A BV R 58 1) 2 ) 6 A IO PR AR RS L, X
FEE T 7 R BRI TR, AR MESE B2 A
i SN 8 TRt DR P R NG S R RS
e, IEANEIE A C TR ENLS AT 3R,

WFsBE: 2017-03-09; & HHA: 2017-04-25

T AT AR HCN A TR 22 28 5040 D ol Ay ik e [ 780 114
KA,

H A =202 R B T 2R & T L85,
SCHER[ 7 18t 1 AT 8E T 0 05 APLBT45 1 &
g, ERGERMME ARG EETE, RE
FEJ7 . Al A B AR BAE B TR IR AR, R
RGN E 4, A& By 5t 2 THUR, AR METE
P

SRR ENEs B N IET - e B g = N ]
RN T 22285800 2 H A AL AS B 40 Bk
B FE @R R ER B ARES A AR KW
Yo, ASCUADL &5 A5 AR WLBUE S BFSE R 4, R
H Leap Motion fAJERA% 848 2R BN AR T 45 5B 25
()7 B AR PR AR S, MR 3790 8 2 03 g s ) AR A
AT ER A EESEL, 4 PC o i HDRE B %

E2TIB: WAL GAAFLELT A (ZR2015AM023) ; P E G K F (L AR)HKFAA S FEA B (QN201531); FH
B K (AR KA A L) 41 B (20161350) ; YEBHRF (L F)RAERKFARLE LEAA
(JY -A201402) ; PEBHRF(RLFA)RAERXKEAELE LHR B (JY - A202618) ,

EER/N: R&EM(1997-), B, AfE, kR eHFERRE L,

BIEEE. ORA(976-), B, ¥, 30, ZE2AFLT EM L TFEHBAWEEHRL, Email: lijinningupe@ 163. com



Flet H3W

BB, 5. HT Leap Motion 05 AE WU 52 B2 1 & G it "5

26 20 LA O A LR o TR 22z 3l XA SC
JrEHAT T LRI, MLAE R R, i R
GEARE R Hu 2 i 05 A WU T s 1 BLRA A 4%
SEIPPESE B0, BRI T 05 A MLA T R A fE
BRI, SEE T LGS AR O X B A B A
AR ABLZEE.

1 FEIESH

1.1 Leap Motion FRAERKIEHF

Leap Motion J& Leap 23 F) £E 7 () — B & [ R 4
Fabiz a5 B A By, P Et £ 2 d = 32404
LED FIBALLAMEAR AR, dnlEl 1 R,

21 /NLED £ SNLED £1 SNLED
Y o (0 o (9o
S ey s N LEAMIER K LTAMRIG K

(a) H5HIE

(b) P R &
1 Leap Motion P k451

Leap Motion [ T fF JiL # J& £1 4 37 & ¥ 5 i
U 2rAh LED sl AR N FEBE O B 1 K
BB I ZE R 6L, RULT A BAR S X 52 5 11 e (9 21
SNCHEAT G ER BRI A 22 X0 g AL U1 X
() BAREE ST = e AR A JF SRR B H A5 Y 2
A5 R o FAR G 2 ] g (8] B 0 & 7 35 i, B AR
TG, ARG FETER S FJ7 25~600 mm
Ak, Leap Motion TAEJFEFRUNA 2 Fiw,

HLBE DX I

F
38 XX 5k

L g g pD
ZEREg Sk firEAg sk

2  Leap Motion TAEJFHE

XFSAR PEAT MR S uE AN R B AL B S, AT
WRAFE A = EE R B AR %S, Leap Motion
(R A0 100~200 Wi/ 5, K EE K 0.1 mm,
A 3 PR S i S X R AT B A AR B iR
TN, AL E A5 040 B A 22 TR GR
RN =2 A R O iz S T AR T T
FHREGEL, I TAMBEEHREEDHERFR
S5 SRR P

2 RNt

AR FR G T R Ak AR G LR £ ) R
AN, RGLEREHNIE 3 PR,

e

] -

PCHL L] e

I 1 i1

g [T

B |
BELGUET Y

WRER

L spamzs:

B3 RGEARLE

AR PLR G Leap Motion MARJEFE i 4% . PC
LA S 2 40 B, 2R 40 1Y 35 2 T R S i 2ok % -3
HHE S B0 SR RN T A S B Ak PR BUE =
AR F R B S, Il COM 5 T &% 405 A pL
BB 1 R ¢

BUBRRES 45 il 2 46 3222 oh 05 A2 HUAURS Fn 3K 3 i
PRAAN, RGN LY Re X A [F A2 3 il & A5
57 A B S 1N AR AL AR E Y K o 5 9 1 ( pulse
width modulation, PWM) 3, 3 H19K 3f H, 159K 3l +5
FENEHL, PAREALAE S, DLIHOR 58 BUHL R 1Y
[ 250 A= A

3 REERFEIT

3.1 FHERSEXRE

FEF WAL SE G, Leap Motion FF 4 46 i1
BXHNEEARANT R, YXEANHHNTE,
AL IR 25 X TR 22 MR O R ik B, JF oG
PRI A K 2 T R L

e R G FH AR . Net 228 C#il 5 I 4%,
REE TR Frame 2803 T #E — Wi rho I 21 i)
—H T TR B G, e 72k M{E
FingerType PR AT AR HCS {ir ot i I 21 19 BT 45 48
X4, 7E Bone & BLi# J1] BoneType PRIZL AT 2K H—1>
FHPIER, ZINEREE T HI BN R FR G
FHefeEX SR, Wi Vector ZEH143 5 1Y Direc-
tion, Position ¥, Velocity % J& 1 7] 3K B 45 19 77
], 7 EEGHESEZ RS, DoE BRI AR
s [N I T8 S shVE . 22 G0 T 1% 218 R ek 0
Z AN RN 4 Fs

—| Finger |—| Finger Type |

| Frame |——| Vector
—| Bone |—| Bone Type |

K4 IR B2 B G R




<6 LERL S EOR

2018 476 H

3.2 FHSHAILE

PR R EBU Y RS R A (R IR AT N ) 5
REEAE N N T L0 BARERIR Ty s, H g oSG HE
BRI G A M N T- A8 AT/ 3D 17
BT T35 245 B NREAT48 003 #57>
SH 4 ADSEER, SR s A (distal) | P
(8] 488 (intermediate ) | T Y48 & ( proximal ) DA S 3

‘B (metacarpal ) , ARFHEHEEALANE S Fw .,

El5  AETFHEa R
FIH Vector ZEH 1Y Direction Jg& 14 7] $k B £ A4~
TR =GR A bR, 7E R B R H FHh e
THOLT, F-48 0925 iR 20T 3T BUR 3 o 4 - 2

HEERRAERRR, BN, 3o, AR
806 4t Y e A EH(xy, vy, 7)), (x5, ¥,
z,) SIS G ST A [
I, MRS = s B R e A 2 2
X%, vy, vy, tz,z,

cosf, = (1)

iy ta gy e
SRAE L =S BREA

X%, vy ¥y, t2,2,
0, = arccos (2)
21212 2. 24,2
Xy 7Y T2 /% Ty, T2,

SRS A A 6 s

foreach (Bone. BoneType boneType in
(Bone. BoneType []) Enum. GetValues
(typeof (Bone. BoneType)))
{

if (count == 0)

{ bone =f1.Bone (boneType) ;
x1 = bone. Direction. x;
yl = bone. Direction. y;
z1l = bone. Direction. z;

if (count == 3)
{ Dbone =fl.Bone (boneType) ;
x2 = bone. Direction. x;
y2 = bone. Direction. y;
z2 = bone. Direction. z;
cl = (x1 * x2 + yl * y2 + 21 * z2) /
(Math.Sqrt(x1l * x1 + yl * yl + z1 * z1) *
Math. Sqrt(x2 * x2 + y2 * y2 + z2 * z2));
dl = Math.Acos(cl) / Math. PI * 180.0;
}

count++;

}
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