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Design of Wireless Control System of Manipulator for Emergency Robot

LIU Site, HE Xinxia
(College of New Energy, China University of Petroleum, Qingdao 266580, China)

Abstract: Aiming at emergency robot dealing with toxic gas leakage accidents in oil and gas stations, a wireless control system
for manipulator based on DSP and AR9331 modules is designed. The system uses 6 servos cooperating with the metal bracket to build
the hardware structure of the manipulator. It uses the TMS320F28335 DSP as the core processor and uses its ePWM module to drive
the servos. At the same time, the AR9331 WiFi module and the DSP SCI module realize the Wireless communication between the DSP
and the host computer. Thus the entire construction of the wireless control system is completed. During the experiment, the host
computer sends various control commands to the DSP through the wireless communication module to control harmoniously each servo,
so as to control the manipulator to clean up obstacles. open and close the valve and other emergency handling operations, the feasibili-
ty of the wireless control system is verified. Experimental results show that the manipulator wireless control system has high control

accuracy, fast adjustment speed and high reliability. The manipulator can receive and complete the instructions within 0.5 s, and the

steering gear angle error is within 1°, which meets the operational requirements of the emergency robot.
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1 REHEMRIFE

BARGH 5 A E A AE LU, R R
DSP, WiFi e, EAiAl, Hrp BN LA R K, @
T PR T LA DSP ik #5484 . Wi A iy 48 i8S
JEB Sy AR9331 S F . LAt i o b Y WiFT £ 3
"l LLE o DSP (19 473 {% (SCI,. serial communication in-
terface) Bitk 5 DSP M i#, il KL W K5 AL &,
AT J N7 R P 4% 52 3 b L B 5 PR R A S Al R . DSP
S A% 0 b B2 IR B 57 45 M0 b 6 BIL A 4 i 4 4 DL R A R
584 & kb 56 B H] (PWM, pulse width modulation)
FEERALS M. MALAE 2 h 6 DMAEHLA 68 XA
M. EBEANREMIHEFEE, ZWPWM 55553
AHNE 8 £ B2 AR DL IR BB 4% 58 AN 8] Y 3/ . R B
N MU 6 M EPLARME 5 V it PLME KL EH &
GEE B AN 1 BT R .
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2.1 HFESLHER

TMS320F28335 DSP & TT 2\ 6l B & i — 20GE FH T F
HS A IS B AL B . P 12 B K R 9R B E PWM,
6 2 fk ot Ak oC CAP, 3 A~ SCI STl E@iE, 12 ]
JiC AN T, 88 ANl A B - B A/ He 0 (GPIO,
general-purpose input/output) , BHEFE SR K, R HLE
B ARG T K, BiE s F28335 DSP /E AP E L& %
H RGN ERHH

28335 DSP 1k Tl a8 9 E A4 2 N84 — 2
FH SCI e i WIF1 A5 H A% 5 3 3 A9 1 48 4o IF % L ik
TN s Rl 2 4 o 7k SE PR | Bi . (ePWM, enhanced
PWM modules) % H 6 ¥k 37 i) PWM # il 5 5 2 il e L
E.

1) SCI fidk .

SCI & w5 1 g T 5 0 pATHHAS . SR TS A
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R B (R B A M5 B, B 0k S AT 38 A5 o R AR 2 ]
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RS L A AR . 24 DSP o & S U e i, B0 B B8 A 7
TERRAE AW IR 2% vh 77 17 455 24 DSP o %5 & % ¥ o
CPU ¥ 45 A2 A KL B G2 o 27 2 4% PB4 7% A A
TP, BB REBMA XS L, Eid k%L W
RIEHAE .

Bl eLl)
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\ SCTHCHE 188 |
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K2 SCIELIRAE K

28335 DSP @ i3 SCI By R 478 1 RX AT LA 1=
Rl & . G WiFi BEY R R £ 68 4 .

2) ePWM ik,

PWM 42 il 45 A fe J2 Xof ik o 58 3 A7 I B BE AR . ER R
FERS WIS P A T Z 50— AR R B (o o A AR T
TEARASTR] 9 7 Jk o on 28 380 B 150 P A 36 9 oA, AR 2
AAHE, vh ROAS Bk op 09 T RD RTAR, K R AR B 0 OE 5%
W, T LU M A A 0 — R A0 R AR ik B K i
HAAE, SR IE MRS, X2 PWM % . m%E
AR Sk AR S M R R, R B B A — L AR B AR
25 Ik 58 R AT

28335 DSP ) ePWM ik dL4 6 4~ PWM ¥ot, &4
PWM ST B, BT, (HAT LG [ 25 i 4 5 5
WA BT R R . B PWM T H W PWM i 5
B, 4N ePWMxA fil ePWMxB, 1L 12 % PWM (%
S, DSP i 6 ks i PWM {55 gt mf DL $
AL i 6 A AE ML Y R L F R, DT B LB A8
S ABE.
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WHEWRAHER, SR ARMMESgRs, %h—
R G5 1k

A% 3¢ H LR TR A B AL MG995 fEHL. BERE e
K (13 kg/em), WRHEFEH (0.17 s/60°), MG995 fit LI
— R 180°fE AL, WL AE SR AT 20 ms, Jk5E 0. 5~
2.5 ms i) PWM {55, B a5 SE ML AY e i £ B . 2L ik
B 1.5 ms Y IEESE 5 0 N R A E 90° Y B HILE 5% A BE
LA PWM F 5 Ik R % 1.

F1 OMYLBEREMIES PWM Bk M 56 R

A/ 0 45 90 135 180
Jbk 3& /ms 0.5 1.0 1.5 | 2.0 2.5

AR SO R LA A HILBRE A T AT O 52 R T
EpEd e R 7/ N (SN I AT Sy AU NE e £ o
AERS RAE MU BEAT R AF . ARSCR S At LIS . %P
BRI N TR S50 . AR LAy Sy R /N8 RT3 3
ANEBSY s R I JE O G R R A .l SR G S /N
A /N I G S T A . PR A 1 AR
SHEFEHLMCT R, &8 3. MG995 e bl IR, Hi AL
B NFES AT, AR ZEE U RS GE .
TALBR TR S T 38 th AEPLFE®IOT . &0 AEpLim 32 4%
il & DSP [ ePWM HEHBEAT ], 15 PWM {55 1 ik of
TR BIVET R A AL A e A B . DT A R DL S #E

PUBREE S L an 8] 3 e s s Al EEALARE . O~
©NAEHLA S . HLMUE B K 428 mm, 0] LA Bk 500 g
(4t . R AEAL A B B R] 1K 0. 17 s/60°, 5 1 I 445 il
B M TCL AL iy S b BE HLBRE AT LATE 0.5 s LLIA SE LA Ff
k.

3 HLWE S

2.3 WiFi &t

WiFT $7 AR — il ok 52 B AL 7~ B2 A 22 ) B8 s 4 L %
BAHBM ML FHAR . WIiFi JoLL W 45 a6 2 Fh 28 Al
MRS . A A B AR R Al ) E SO DL G 3%
AR (AP) Jgrpls, &0l (STA) ZHGE AP # 4T
BN B XU £ s T 2L P i SOOI 4% A STA Z ) B 4%
IR AN AP BN WRR G R 28 2 i 3 2 X

TEF 25 A s Z R RE TS H e AT IR,

LT IRALE T AR o KL TA/E, A
TEREA, il T WSt T H o A )
Rt BEPR . W LA R RS A AR OK

P3RS, A SCR AR W bS5, K WIE
B B oy AP Tk A s, 4 DSP 4=l s B AL (i
W) Ry STA B8, T — A LI R 5%

AR R 8 AR9331 WiFi #HuAf: 2 DSP 5 b A AL =2 7]
FIfE L, AR9331 WiFi f5 Fil & openwrt i R 4.
PWA 32 M NTE, AM Flash, DL & ZFAMERHEE T (USB2.0,
SCI#E, AIM A, GPIO), HOHZHE K9 600, [FHFiZk
YerF & B By b i 1 IEEE 802. 11b/g/n $pi¥, >R ] DSSS,
OFDM, BPSK. QPSK. CCK 1 QAM H:47 Wil #: R . A
TE D AR S TR W TC R A, IR e T R R AT A 150 Mb-
ps, AT LA S A0 A0 % B A0 4 A 8L ) A% e o DY . TR b
AR9331 WiFi i+ /i@ f iz L& H R 5%, e s —4
FOE R TR M 2, SCIURB DAL E (1 oL fa il o
2.4 EIFEHER

ARSCHAEHLA L PR B R — 4 12~3.3/5 V LI ik
Bk, VR 39 18 650 ALEA A AL, LT
VR A B S AT P R S5 15 B AL T 20 5 V B .
BETFHBAEAERER, FER. TICICN A &R
W AEME S, PRI AR B T Wk 6 . RS T Y R R
R, EMERERFRERYEIEMN 1.5~2 4%, mH
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BLAR R O 25 il & Ge i FR PR 8 4 3 T T1 3 W) oy DSP FF
BN R B BT R B EE—CCS6.0 R K F 4.
CCSHE—BEMFIHFXMARXMAX AN TH, B4
TTHFRAN C/C+ + 4RiEaN. iSRS, IHW =
WH. . MR R ZF AT . CCS W 4 A
B TF R I O RE RO A0 TT 55 i 9 i A xC R 3 Ty B AH 45
H iR ATIF R N SR E T — I RESR K 1T R

AP ER RERT N FE DR AR T PWM 55,
SCI B3 A7 fF . XF LA BLAE 2 AT AT
3.1 GBI BEMERESX

1) PWM #idk .

HGEXT DSP ) ePWM B 4T GPIO #1454k . ikXF
M 6 A4~ GPIO B I A PWM #xC, 3 B T4k =8k
F—Ti5ER, PRI EE (CPU, central processing u-
nit) AYETEPARZEERIA S 150 MHz, [t 50 o % & B 5
5 0 A5 A7 A0 KT B BT R AT 48 SRR, 3 ARG B B R
3.125 MHZ", [ af gl PWM #6045 5 59 & 351 8 20 ms,
RE#s ey 50 Hz, ATRAMRIE A (1) 3H515 3 o 5 5 9 2
FEFR A PRD,
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Ao 35 S 3 2 AE B A R 31 250, X PWM #5 h(= B

JE13 20 ms, ILAF PWM
(i cmp FUINHE A I 25 47 28 9 8 PRD H 87851
B R

_ anp
b= PRD

25 D R T B A A A Y

A=l (2

(2)

H UL AT LA BT B L B A A7 A8 B (E emp 5 PWM {55

WkSEM R R WK 2,
# 2 cmp5 PWM k588 % &
cmp 782 1562 2 343 3125 3 906
fik % /ms | 0.5 1 1.5 2 2.5

ePWM B 5 B LT 19 #8402 7 40 N B
void Init_ ePWM(void)
i
InitEPwm4Gpio() ;
EPwm4Regs. CMPCTL. all=0;
EPwm4Regs. AQCTLA. all=0x0090;
EPwm4Regs. AQCTLB. all=0x0900;

ScibRegs. SCIHBAUD =0x0001;
ScibRegs. SCILBAUD =0x00E7;
# endif
ScibRegs. SCICTLI. all =0x0023;
y
3) AR AT
24 DSP UL Ek A B PRI S Z )5 . 5 2%
AT . TERR ST R . DSP i SR I 3 0 B 1 45
A HI Wt EAE R AL 5 . I AR 25 5 1O e R/ BE I
B FFAE RO cmp G 1 PWMAF Sk 5E) - DT i3
IEH PWM FE 553K AEHL o IRBES 5 1 e F B2 hy
x (0~1807), M cmp MR AI (3 PR

amp = g5 * (3 906 —782) +782 = 55 ¥ 3 124 + 782

3
FEBLIG BERE fA B (0~180°) T B2 g il b 7 AL e it 1+
AR AEE (0x00-0xB4) A&k, EALHLEHIHE 4
A 3.
#* 3 B AL RS A X

EPwm4Regs. TBCTL. all=0x2B0E;
EPwm4Regs. TBPRD=131250;
EPwm4Regs. CMPA. half. CMPA =cmp;
}
2) SCI #id .
B Ih GPIO 5. i ik A SCT B, SRS )5 ]
SCT i b, XF SCUBL ST S HUM B IR L &
OF AL SCT AP, i 5] e WSe ks A& 3% A L KX By 19 43
WA v T A A 36 T
QU E SCIHA7iE 5 f A% 0 1 A fs k. B3
AL A7 . 8 PLERE A .
QU B B ATHAE MR 9 600,
4 AL AR P AR 22 ad WIFT B8 AL fiy 45 DSP
W, FRFBEEE SCT B liorb e, Gl it SCT AR B i 2 licd Bl
BRI S, RRAR A 3 A 8 B AV, AR B
SCT Hr bl 25 3 W — A~ 8 AL KHE I 5 32 Bodi I 25 — 1 K
A3 U T 205 A PN R R R o R R PR 4 A .
W5 — 4184 5 DSP 2 IF R AT I8 2 i e Fe . 5 B ALpL
F18 47 A 415 4 e 45 S X IO RO B BIL Bl A
SCT A He W) 46 A A2 7 4T s
void Init_scib(void)
i
ScibRegs. SCICTLI. bit. SWRESET =0;
ScibRegs. SCICCR. all =0x0007;
ScibRegs. SCICTLI. all =0x0003;
ScibRegs. SCICTL2. all =0x0003;
ScibRegs. SCICTL2. bit. TXINTENA = 1;
ScibRegs. SCICTL2. bit. RXBKINTENA =1;
£if (CPU_FRQ_150MHZ)

0xFF Rl GEA
0x01 ZERI  AEHLEE S
0xXX(01~06) AL FEHL G 5
0xXX(00-B4/0-180°) B A7 AEHL S
0xFF 2k

RAMBATRFI T Ura (buffer [3] B g S
ATATNE TN . Ay A F FIECHE 7 48 4

void command(void)

{

e

if(buffer[ 0] 0x02)
{
switch(buffer[1])
{
case 0x01:angle[ 0]=buffer[2];
Servol (angle[ 0]) ;

break;

void Servol (Uintl6 x)
{
cmp=(x/180.0) * 3124-+782;
cmp= (int) cmp;
EPwmlRegs. CMPA. half. CMPA = cmp;
}
3.2 HR4AREE
TMS320F28335 DSP J2& ML Al B JC £k 45 il & 58 B AT 1 12
Tk, MRGIA)E . BAFENRTE B AL & 2 4
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LR, R LS, B EALE BT RS,

P BIUBRRE 52 UG RS2 50, SRR RN IA] 6 BT

- 5 <

(a) , @

(e (£
GRS Sug i
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B R L3 o 4 AL D A R B T, 1R BLAR
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(AR DA R (SR VR E 1€ NI S £ SR (BP9

1
A
é\
W
AT 55 B gt it . AEHLIESE M R AR 2578 1° LAWY
PN g i
5 HERIE

LB A NS T A B A 3 58 R A MR T
W R RILES N AL A B il BT B ML AR N FE R A1
F RO PR op ORI A E . A SCRL TMS320F28335 DSP Al
AR9331 WiFi Bl 04 @980 &, Wik 7 — AL
BRLERN RS, ZRGERA RGP . R EER, 3
VERS B w0 SR 00 5. AUBRUE o] LA 58 0T PR RS 1 S5 1B, BB %
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