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Design of 6-DOF manipulator system and research on control method

Wang Fengxiang'  Zhang Zhijie'® Chen Haoze'
(1. School of Instrument and Electronics, North University of China, Taiyuan 030051, China;

2. Key Laboratory of Instrument Science & Dynamic Measurement, Ministry of Education, Taiyuan 030051, China)

Abstract: In view of the very popular robot technology. a small six degree of freedom (DOF) robot arm system is
built. The 6-DOF robot arm system consists of five modules: power supply and conditioning module, MCU control
module, mechanical structure of 6-DOF robot arm, attitude control Bluetooth handle. 720P high-definition camera
module. Subsequently, through the forward kinematics and inverse kinematics analysis of the manipulator system
based on D-H model, the attitude control of the manipulator is further strengthened. Finally. through SP2 Bluetooth
handle and Zide Mini (v1. 33) upper computer control software realizes the precise control of the 6-DOF manipulator
system. The above research has laid the most important foundation for the further research of the robot arm system.
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Velocityl =Position PID1(Positionl, Targetl) ;
Position 14 =velocity 1;
TIM4 —>CCR1=Positionl ;
Velocityl s ,

b o b PID .

. Position PID1
float Position PID1 (float Encoder,float Target)
{
static float Bias,PWM,Integral bias,lLast Bias;
Bias= Target-Encoder; //
Integral bias+=DBias; //
KP * Bias/100 + Position KI *
Integral bias/100+ Position KD * (Bias-Last Bias)/
100; // PID
Last Bias=DBias; //
return PWM; //

Pwm = Position

,PID
Position KP=5
Position KD=2
Position KI=0¢( 1 ,
)

PD

PID , PID

pom =K, Xe()+K, X D> e)+K,[et)—ek—1)]

@))
,e(k) s ek —1)
s D e(k) e(k) ,
k= 1’29"'7k °
2
. Denavit-Hartenberg , D-H ,

http://www.cnki.net



1955 Danevit Hartenberg s z s
(sl . .
s s Z ’
° ’
D-H s x o
Ll a, 2 2, ., o,
. ( ) a, o ’ 7
) b )

21 D-H
’ DH 2 o
o 1 ., o
2 s 1 2 DH
2 ’ ’ 2 2 Qi1 ai— d; @i
3 v 8 4 1 —90° 0 d 0
° ’ 2 90° 0 0 @
3 0 L, 0 @2
, D-H D-H 4 0 [y 0 @3
, , 5 0 ly 0 0
o 6
4 o R
cosg; — sing; 0 a;
Da, ) Fia = sing;cosa;_; COsp;cosa,_, —sina,; —sina, ,d;
sing, sing; |  cosp;sina, ;  cosa, ; cosa; 1 d;
2 a 0 0 0 1
i—1 b
(2)
D d 4 DH s
O, A .
Do COsgp, sing, 0 0
. 0 0 1 d
A= (3)
[18] —sing, —cosgp, 0 O
0 0 0 1
. cosp, — sing, 0 0
0 0 —1 0
: Tz : A= D
, . sing, coSQ 0 0
, . i 0 0 0 1
e 5 .

net

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnKki.



44

cosp, —sing, 0 I, [, = (lycos0, +m)* + (Iysind, +n)* (14)
) sing, cos 0 0 —p z _
A — 2 P2 (5) sing, — (—b+ Vb dac) (15
0 0 1 0 2a
0 0 0 1 ,
cosp; —sing; 0 [, U=l —m"—n")
. i o 0 0 B 21
iA _ Sing 3 COS@ 3 6) ) ) 1
0 0 1 0 a=m +n
0 0 0 1 b = —2nk
1 0 0 c=k —m’
) 01 0 0 .
A = 7
0 0 1 0 o
0O 0 0 1
3
x 0 o
Yol 01424344 0 31
C|cialaiaaa) (8) p2 ,
1 1 PS2 . s PS2
2.2 D-H s . 9
8 5 0,.0,.0, slolinl, 3 , pS2 o
Plx,y,a) s (x\y)
(0):0'4 o
( 9 SP2
3 10 , SP2
o .LL/LR 0 ;s LU/LD
8 , : 1 ;RL/RR 2 ;s RU/RD 3 ;
x = l,cos80, + L,cos(f, +0,) + L,cos(0, + 0, +05) L1/R1 4 ;L2/R2 5 .
€D
y = lysind, + {,sin(@, +0,) + I,sin(f, + 80, +8,)
(10)
a — 81_'_62 +83’
x = [l,cos0, +1,cos(@, +8,) + [,cos(a) (1D
. . ) BATE MR YIH BATA
vy = lysind, + L,sin(0, +0,) + L,sin(a) (12)
10 SP2
m = l,cos(a) —x s
. (13)
n = l,sin(q) —y s R

handle ps2()

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



void handle ps2(void)// .
Labview s s 11
{ ,  Zide Mini(vl 33) .
static u32 systick ms bak=0;

static u8 flag=0;
// flag,

if(get systick ms()-systick ms bak<C20)
{

return;
} // 20 ms ( )
systick ms bak=get systick ms();

psx write read(psx bul);

if((psx buf[4]==0xfe) & & (flag==0))

{ // flag =0 11  Zide Mini(vl. 33)
flag=1;//flag 1, ,
12 s B
1 .
duoji doing[ 0]. cur=2 000;// 1500, Bias
“ ”
1500 2 000 PWM ’
duoji doing[0]. aim=2 000;// PWM '
o s 1 500,
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duoji doing[0]. inc=0;// 20 ms
Zide Mini(vl 33)

} b ’ b
else if ((psx bufl[4]==0x{d) & & (flag==0))

{
flag=1;

.. . PWM +m PWM + 1500
duoji doing[0]. cur=1 000; . . -
duoji doing[0]. aim=1 000; Bios (R Time 1000 o [l Bios (| Time 1000

duoji doing[0]. inc=0;

12
;
else if (psx buf[4]==0xff) Zide Mini(vl. 33)
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