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Cutter slotted interpolation algorithm for DSP based on
Matlab / Simulink

HUANG Shao—qing, ZHENG Zhong—qian, LI Di, WANG Shi-yong
(School of Mechanical and Automotive Engineering, South China University of Technology,
Guangzhou 510640, China)

Abstract: Aiming at the difficulties of editing, debugging the interpolation code directly in DSP and confirm correctness of the code, a
method to develop the cutter slotted interpolation algorithm for DSP by using code mixed programming was proposed. Firstly, the
interpolation algorithm was modeled by using Matlab/Simulink tool, The planning of locus and velocity of the interpolation motion was
simulated while the algorithm was designed. After the desired effect was achieved, the real-time code was generated and transplanted to
DSP automatically through RTW, so the seamless transition from Matlab code to DSP code was realized. The process of grinding the
spiral groove of PCB miniature milling cutters needs two linked shafts to implement interpolation, and the spiral trajectory was
interpolated when one axis rotates and the other feeds along the lead direction at the same time. The algorithm was utilized in the process
of grinding the spiral groove by a simple transformation. After the milling cutter was produced, its shape and size were tested and their
precision can meet the processing requirements. The experimental results show that the method can solve the difficulties of editing and
debugging the interpolation code directly in DSP. It has a high practical value.

Key words: printed circuit board (PCB) ; interpolation algorithm; digital signal processing (DSP) ; Matlab; Simulink; modeling and

emulation ; automatic code generation

KBS 2012-12-05
EEWAB: EieH ﬂﬂ%ﬁi)ﬁiﬂiﬂ (“863 D EHIHH(2011AA04A 104,20 12A A040909); | G HE H R4 & 4B H (2011A090200054)
EEEI: W (1987-), 5, 7 RIEIH, 2 R A6 R 007 A IFSE. E-mail:Darren_SCUT@163.com


http://www.a-pdf.com/?product-split-demo

o5 51 /DT, 45 HT Matlab/Simulink 1242 18 7] DSP A4 ] TRt 4 s - 553 -

0 5l 7

H i, A6 T PCB AL LA TR 458 7T il 7 5K
SR, H SRR s A . ASHIE ST 3 2 )
FEHLIE R FH DSP+FPGA 1145 il 45 44 -k A %X PLC A
¥, R PLC 5280 A ShAb AR 7= i TR R S bs - 3
o B P S S5 AT DA AR LD SR, AN A
DSP PRI &, — AN B8 (R 1 I 1 17 o5 9 3K
TE 3O B R B A e TS IE R 13 e
e, ANREARAFIE LI W] A5 B, AN kit —
e T B 2t E) s B T, il AKX &R
g R BT AR R R P 2 SRS
TG B A () 8 TR R T S B R 5 R R
GV G 5SS A BRI iR TR IR IE , 1 S 2211
BT IIRAER T BB, T R SCRIAR

FEXHIZ ), A B 58 42 2R H Matlab/Simulink T
BE I T 5 B i iR s A RTW T H A
B R C SRS S AR 2] DSP H 38 i 3 R 7 vk AT LA
KK DT ) TAER S350, it & .

1 DSP 4 M AS T A i 7

HET Matlab/Simulink *F- 15 (1 DSP 3 4M CAS T 4
LA 17N

¥ 0 ARSI B Simulink S5 T B
RE AT U BRAE , 20 B RAF S BOHEOR 5
I FH Matlab $#211L /%) T Real-Time Workshop(RTW )%

P, H B A B ) T i g A RS -t — 20 58 sl
) G 13 EERE RN R 28, B Jm TR S A B MLR AR 7=
T WREE T i BT AR S 45 T 48 B 3 1iE 12 7 7% 1 ]
Ttk WEEAFEEE  HF & #H HFE1E Simulink EJE
AR 7 ELPREE T #5 AT SR AR R E A ) T
Hacat e A AR AE i, R n S —1 T Chs , fER] LA
PR BRI = B LA DSPARES

SimulinkZEBFIL |

—]
i
TFEwITEK?

2
| RTW ERIBER |

!
| REBEBEDSPHEHE |
{ outcft
| FHEIDSPREFT GIEITRIE |
El1  DSPAUHSTT & i

2 HfiAMNE L Simulink @A 5 ) B K E

Simulink A 505 H ARG HA T 5 M ek
REGaPEIE SR ABE T SEm 7 (A 5 BBt Simulink
J& Matlab $2 3t i 52 B 3y 25 2 G A 5 7 FL i) —
L. B P BT N G e i R Ay i, o

O——+fe A
relxe T 4
&> "o I L. =
3 AdjgVi- t
relre " flu) IFen Lo
(&' ol
(139 Admmiay[1 bninl e oextp
& Feedratio nextp
Feedratio function(} b xace
curmmts azace
&>, .. Gain Jdecminacc
ooy S ritNenlInterpflag aexn &>
i wLineflag . .n.em
(&D’ rdNev Line e jerkl
rdNexLin, riccursiue AD—furpe: i Il
@ >k curpot
functionf) ( !f >——>kun
Relte Line3DSInterManager - cun
) ®—>(urx( xtbed| —D@
= reeeurs
H S eRshEILh curace nextbedec
AD—p
1a:y _d 5t
s—eT) ap »
g o EE curt [ Bextbeatcdu —@
3 nextbeacedec
Dedec
beinterpcomplete Sftinelen N “_’(gﬁ) curbedec Velocity Control
2
' E“‘h_, v Lanidimarsrot— — sfr] T SHER
fen T
fmbedded [ Reads [ nexty _’E; Write
MATLAB Funetion ‘“"? et MWrital, E a
Reads . > g
= Line3DSinterp Write
ea

K2 izofia il A MR



. 554 . L il

T $304

A E T2 EL IS S TR, Ab—E4 N
BIREIF SR . AT AT TF RN T 42
At B T 0y i B R LA BV
BRGNP AR

1A T LG I AT ST S S Y =l
AL YT E PR R, A b — Al n 4
AN LEESYSEE S I
21 RGEEE

iz Sl LA MY T RERTER KA KT 2 Bz . 3%
B E Ly o = R IR A b S R Sh AT He
FE R RS SRR

A7 4D S SR S AR R £ B b Iz Sl ) J] 4
5 FH I RE AR Stateflow A FRARZSHLLHAY . State-
flow A= Bl 19 W 45 32 48 7] DL H2 kA 2] Simulink #5275
L PIE Z A RE S S B A R . FriE A BRI
T8 RGP AAAE TR RS TE RS i R A ), RS
ARS8 — IR B BRARZSHL R
FFIKBI R G TEA BRUREHLRY R T, B ]
DA H ph — oA 4 22 5 — PRS0 25 1, 014
B AR AR S EI BT IR TR R F 4, AL
i HARSIE R R

AWFFE A A B Sl S REAR SR BT AN K] 3 7R

/InterPiation:' N
[rdNewLine==1] en.

AdijtgV = tgV*Feedratio;
Adjminv = minv;

tgS = sqrt(xe*xe + ye'ye+ze'ze),
currentS = curS;
ex:
rstNewLineFlag;
rstcurvalue;
currentS = 0;

MATLAB Function
init

N S
K3 AR SRR

I HE A BRSBTS AL T wait RS AR, H 2
A% AAF 5 rdNewLine F{ELAZS A7 1B SEEUIRZS A9 8k
T, 38 AFHEH MRS InterPlation, 55— E A B 4 £
ARZS B BHBEASBIFFE I8 FH init BREY, 2 )5 B E AR 2
PAT du: BT AR, B B RS AR R S Fi 7 5
ST HARAL AT IR AR S |, FT 0] 2 wait IR
SRR

R A5 P A A MR ] Embedded MAT-
LAB Function B8, i PR I MACHSTE X dm 5 H C
AR, X g A S B AT — R AH Sz SR AL 2
J PR L A o R S AR 0 AR R A X
WA g U o JE XA S & BFEE A O

[currentS == tg$S]

J 5 1 M AT AS 5k BE A1 Simulink Hh A Y K] B &R Sk,
B Ja AU RTW T E MARES 40 h €S2t fRag e,
ARG R A Se i AT o B LR B R A R b s IR X
B A2 SRR R RS AR e S PR S HE e
Bl X R TEI o R A2 B AR 4 LK)
REHRAG R — AN BT E A T 1 A S
A bk bt B 5 R — U RN o B ASARERL G TR A
AR .

(1) LA 2 s A AR BA s, i AT AN RS0 B A
PR (X, Yo, Z) GEIGEEEE e | H AR E A i
S AT AN IR B

(2) #E IR SR 5 S e 75 A RS RS
AT A i B AR teS DL R B BAE R
B ANERRIR SIS 5 B 2SR AN T EOR A f
ISR

(3) A B R A e | 5o B8 IR A B AR B 25
SROTE R IS SR, EAA R —4
A AMA B

(4) #E A dd bz FAL e AR iR 40 DA b 4520 B8
FFEN R 285 B 45 A D 1w 2 R 300 i b 1 Jok o
5 dw dy Fl dz, 52— UARAM TR AR O 0
(B ET IR

(5) Fh 25 1L RIS B e bz S A A HE A S8
VE Rk A5 5 A 2 IR sh i e S i e 75
F5k HARLE ; QiR aR B Bk W AR Z2 i 755 (2~4) 2,
0], DA AR 2SR B S IR 25
22 EEHE

A 58 F1) ] Matlab/Simulink 37 17 3D B £k 4 b
i B, U E ks B R e . JH s A2
T 5% 2 5 L A A TR0 o 8 0 Sk s A B A Rl A7 A
Be, 785 s A7 i B o as 3 2 80 A Ak BT 0
S W TSR 1 A8 B R To Workspace § A %]
Matlab T {E 23 (8] 797, £% J5 £ Matlab /9 Command % 11
A FH plot3 il plot bR H5CKE T 2 WL 5% 43 T (1 B8 2E 17
2 I RO = 3 B o = R N R | K= RE ) S A |

PEAT 3D BLZR AR AN L. ARHI 7T LA ik b iR K
[ VA NV B 1 AR T i 0 e NS 2 4
300 pulse/T, #2453 Bk 2 pulse/T , Fx KN & N 10
pulse/T* | Ji i i B RN 0w BE 43 ) % A 0.1
pulse/T” | T 26 4 #1 (1) H b5 457 & 4 (40 000, 50 000,
60 000) , {5 EL&5 S UNE 4 frs . 400, 32 3)
BUE AR O R, A5 L 07 A SR T R Y H B
fiE .



o5 51 /DT, 45 HT Matlab/Simulink 1 2 18 7] DSP A4 7] TRl 4 s - 555 -

Z/ ke

™

i
Y/ k4

K4 =hhE e s
TIHN ABEFEXT 3D kb r Ak A A B A £
ST PN AR 8 kb RISl ) B A TIE %, O F AR
Matlab T/E23 [E] , F ] plot BREHEAT22 18], 251Nl
AR INIE 5 FR

— R
! ' : — — XHlEE
P e ST TUETRRE EEEEEEE SEEETEE EERER oS (R SRR - | ---- YhiHE
= H : : ZHi
Sy
% -------------------------------------------------- e
‘,Et /"'__-_-_--E--_-"-_--'m
'!:é ......... Leboeacan ......a:.......l.......:u ......... ]
N> RNV VS WUV SR S §
~ H RN
= i PN
,‘:ﬁ fecerecccen -------: -------------------- \ SR
f """""""" geeeees % -------------- r"-"'%\ ==

IS 1) /47 ] S
KI5 = lddieb o5 b e i ih 2k

H &5 AT LA AN 3 RE G & | A Nl 7z 3t
e AR B AN e R, OF HIEAR D STE , RIS
BT ST 1 HAR, A0 Bod B B R e
AR AN R E o 5 ZOE R, WARWT IS A B2 2 L
BOBARI ST i 2, DUV 0 fef A B2 ik |
TN I JEE LA Rl i e R 4 2 it AT 5 B i B RN
W7 bl I A 253, 78 2B o A 5 X S S
BCE A S, PR MUK A PR30, 3 TAS
JE o ABESE T B HIEIA R 2D B A, 2D H 2k
FME: 3D ELZAR AN B — I REER TS O, R — A H s
iz BB A& R R] S 2D EE A kD

I SE AR AN DT S, i D7 LA R
ARG R CRES i f E - SN

3 FIH RTW A= i sz i ¢ ARG

RTW 22 H1 Matlab . Simulink — & F (1i—4~ T &,
‘B LA B2 Simulink B A= A S5 B 3 shd s al
VITEARTRIFREE Fis TR, X BEIREE A RS2 R 40

MEBPGTE ., RTW BB N TG 53Tz . AdF
FEFH RTW P J 80 T2 3 3l A s o = BE AL
(14 DSP AT PATARH , KRR 4 T RGE I A
WA AT J5 | B 5Y T “Configuration Parameters” J&
PEGGHATAS B A i FE b — 2 S BUNIE

AT A LA Y H AR R G852 842 C6000
F I DSP A, L TEAf R RE T 5 A A TS B9 AL
A ST B AT IR VL, PRI 7E Hardware Implementa-
tion FEATRE{F 1 e, ABFFE e A iR AAD , B
BCE IS B IR 1R |, build 2 J5 /8 7] LUFE 245 H
K& BN A B IRAES T

*1 BHLEE

I (el Bk (E
Stop time inf
Solver Type Fixed-step
Solver discrete

Device vendor Texas Instrument

Hardware

Device Type C6500
Real-Time System target file ert.tle
Workshop Make command make_rtw

4 1S F 4 2 DSP H

TEG PG P LA B2 B9 H SCIFR C 3P 58
BRSO Y SR AR AT 2] DSP X R TR ) g A
5 S HEATHI IR AL, X RE 5T W7 5% 1 47 ) 42 35t g 52
MAGHA LI RE. B3R b A w4
B3 pR A, R Line3DInterp_initialize #11 Line3DIn-
terp_step, Line3DlInterp_initialize PR SE AR A AT ) 2
B A A% &, Line3DInterp_step B AT #b s
A5 AT ) b AS S 0T A o b i Ok 2 ) R B
Bl , I SE B LA 3 58 i — Ui kb sl o

ABEFELE DSP BIOS H A 4 ML e B et — 4 J 39
5 He Xk B¢ Line3d_Interpo, >4 75 %2 4 b I 5% 3 J1]
Line3DInterp_initialize PR HE 1T 18 b S K0 bR 4k, 32
% 1% F PRD_start (&Line3d_Interpo) pR AL T 7 1 J5
B4, PRD FF UG THEUS 2 A IR0 G el P A
17 =5 4di b PREL TSK_Line3D_Interp () , AN R4 ¢ 25
oI R Line3DInterp_step PR g =S I
SAANG B IR HOR R 2 OF AT HAB AR AR AL A AR
10, 46 #4595 P8 H PRD_stop (&Line3d_Interpo ) P&
A INPAEE Ul BP0 S

AWFFER Matlab F 2l Az i AURS 517 17 821 e
B n] LSl AU AL A 21 DSP by A H o —
AT REL, Z 5 T CCS #EAT 4t s 207 F 203 H Ax
DSP HE AT S5 HL AR



. 556 - L il

H30%

5 SERRAE TN TR Uk

th A AT SR, T T 2 £ =
B HNL R R LT R T g 5
BTSSR, Heud BT

Zlength = Zlength x Zgearratio (1)
_ 90-6 .
Lead = x D x tan(m X ( 130 ) x Zgearratio  (2)
Zlength )
Blength = Toad > 360 x Bgearratio (3)

K2 Zlength— I TIRTERE 1)1 , T fE iz sl -l Z
i ; Zgearratio—Z B 5 B HE 5 Lead—12 e A8 1) 7 5
D—JIr I T B R (AN 5 0 — BEUE A i) e £
Blength— e iy sl i, e il 7E 54 Bl ; Bge-
arratio—B A EL .

TGN AT, A AR B g A 093 K SR TE A A5
SRl LB A SIS R WA R g &, — A
REA, BV R 7 0] B9 RS SR B, — e il 1Y) B
TR AN S U A 2h = LRI D R B, TR
R B BN SRR AR SR AT AR AR Ry I T
BRI IRERE

IR R T R an il 6 BT s . 1l 6 1T
U, S0 BB S SC R S Ad b il T SR, How
I ] 0L RS T R AFIORS 2 R Y

Ko Tk st

6 ZEWIE

AHBFFE454 Simulink FIRTW T H 115, R L
TR g 1 5 2R T 2% HE T 1) DSP A4 498 7T FF i 47 e

Bk RN B, £ # A Simulink T Hm Kk
FR 05 B RE , A5 DA ELUL - RS el 1l A i 1 )
M4 ZEACAS RS AR B B, #1LH RTW T2 F 8)14E 5 DSP
(R SIZIRE CARAD , AR 1% 4 55 AR A5 R g BApRe | 32 s
TS RCR ; e ¥ 07 VR N T8 ) TFRE 1)
SEFRA T

SR T 45 SR B 205 Tk R U i e T 4
E DSP HH 2 5 R A Rk 14 DRI E | T3 FH B9
BT g (R SEBRn AN

22 3Lk (References) :

(1] JESCHE. HET DSP+FPGA (1) i Mk RE S 2 G i {15 1
KSR ID]. T A B TR 2L S VA 4 TR B
2009.

(2] JERCSR,BMER 2 % MATLAB {5 B 50 FHEAR [(M].
BT A RSHE R H A, 2001

(3] XIfdE, R4, 5Kk Z2hk. MATLAB 7.0 AT TEIR 8 [M .
BT A RMRHL H A, 2006.

(4] REBRK. iz Sl SR SR ASUSEBTFELD . T
AR P T RIS VR4 TR B, 2010

(5] BIRKFS, R AH, JE s R H T MATLAB7 x/Simulink/State-
flow R G0 ELATHT KT E M. P62« P A6 Tl K2 i
#t:,2006.

(6] M i, A& R Simulink LR C/C+AURSEBLLY . RIH]
FH%,2004,31(11):16-18.

[7] CAO Yun-an, CHEN You—dong, WEI Hong—xing, et al.
The algorithm of former s—shape acceleration/deceleration
in cnc system[C] // 8th International Conference on Prog-
ress of Machining Technology, [CPMT2006, Matsue, Japan,
2006. Kagamiyama: Hiroshima University,2006:165-168.

(8] 2 R, ERNI& S8 R R Simulink &AL
AT IR, 2009,32(2) :28-31

(9] ATAL#, ¥ & 3. Real-TimeWorkshop S {5 FLAH 55 5 i
L] AHEEHLT R, 2007,24(8) : 268-271.

[10] #uik)iE, 5k . T Matlab 25 1] DU 5 | 25 WL 2 Bh {5
F[J]. BTHI,2012,30(3):17-21.

[11] S E. WAz S RGBT - SE ST LA SR
BRI D ] I AR TR 5154 T
F#BE,2007.

[ i 2 ) B



