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FPGA Based Acceleration and Deceleration Circuit
for Robots and CNC Machine Tools
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Abstract - In order to make industrial robots and CNC machine tools perform tasks efficiently, each axis has to be
accelerated and decelerated appropriately. The existing techniques for the acceleration and deceleration of industrial robots and

CNC machine tools are not efficient to generate velocity profiles.

Thus, these previous techniques cannot generate velocity

profiles having some kinds of acceleration and deceleration characteristics. This paper proposes a generalized approach for
generating velocity profiles that cannot be generated by previous techniques as well as velocity profiles generated by them.
Based on the proposed approach, an acceleration and deceleration circuit for industrial robots and CNC machine tools is

designed with a FPGA by using the VHDL.

Key Words 7174,

1. HE
2lo) 4] T % Warstm AEe 1

d AT FUI] AW E HAE 2E3 CNC B4
e YL GHEAAE @) o) % 9

B B Ao AANAEE Aols] AAel ol
e g nAE Bt ded, %I s oy
CNC 337148 dse Fuz A% ¢ 5+ RS as
Aol Wastth ol Folzl Aglel wek 4§ Lol
CNC 327148 H2¢ Fuz sirsaod Ay 4
A% W gAY e SANPo A
222 AYARE BFY & A7) WEelTh MYs 2y

B4 AES

271712)

=g

ulo

7} FojAY o 2UG WES
el ol& AsA 53 ol e

747) o A5e] ggae ALeA g gEA9

@B MK REETLANY TAYT 4T - T
ﬁi& 7R RWEK BREFEZETH l’}ﬂ I iRy S 52
[ @& &7 uaAld #iRg
BZHT 0 1998d 8% 28%

BAR5EY £ 1999d 149 289

304

&£5ae A8 238 CNC 237) 7. FPGA

Ro) 4-3-4 E& 3-5-3 &% #H¥F 44 4y a8 3%
(cubic spline) &% =3 A Wy Solr} o3 wyge
tde e s g e £E Ags A4 = Ydu
7S BAD A 548 AR e sl &% 89S 44
Aok g 98 £% $8E QAT do FAY
2 27 AR weh Adbeke] NFHo g ARAGE A
THEERE TR AFE AEE dgde A2gy Ay 59

weba el =
8% del 2 S AEY ARl Adtato) A%
7) Rl 2A A S 2ol ONC F47AE Aoj ek

WA 17 ThS o WA B B e r:}fsowvg A8

Felle Azgle) 548 Z&¥oR HER A Ho
AEE 2Hoju CNC FA7IA8 2t A17te) 2ol A @
=23

oj2l gk A7HHRl FAE A A PHez oAy
AW Fa(digital convolution)& ©] &3 Wyol Aok [2-6]

UAY AMTAL o]83W 2uE Augoen Axde
EES 29 4 ok TER 9HY 5% 398 44
S ool Aol Utk o WWe taAe o Wyl uls)
Axkere] g Aor) smgleir HAsA FRY & ok
wEe] Ty AmTae oa WYY SE AFe P4
& TRk 5 Trre] LA NI A T EE &4
o) 7b% ko) £ Sajel oa) AWV weby A



¥ FAol A k& Aol Z& AT A2 geAy
e BT 25 B4ol NE TR SE By 44E &
fche el Utk HAY AWFEHL ol fste] 4yste
S5 3y FAN CNC 327|764 @ol A5 s
AL A 549 e A5Ys B9 e, Be
& geje) Agae RE 5 Yol o) FelN sy
E40) NRES R SE F8E o4 3 z}og%
SR AFAUE b4 B Aoz vehd [2)

v ASHE 549 Mpse fusw BE Al Hu
S50l REE 5 YAW F& A A oe 2 e e
sk erk)o] 47171 Wolch web A4gs S4e)
H5E S AeEwsgel Ao Qo e Fey
& Yoo #He #9T F Yok dajs FUEE o

Rolch Al Ahelg

A . r

H4P Jt4 B4E MR A5 54 o8 25 54
& dustel £% H32 44T £ oW Folu AYs
HAHoz +9E & YL RAolrh

SAS o8 WE W ARHHA BAE s e
T o0 ggoz sugolden Rree due &5 3
He AASES st wel Aok [BY] o wHe uAy
AEAE o834 w; AYsnA s Reooe Ho)
o S5 B39 542 olgste] s 5 AL 4
gat golth olel@ pel dd 44E &5 BYE T
A Ao FAel o BHE S= FA ofRsAw Gy
b BT 4 PRl ZA A s e £% B4
of b R3] &= B4 o AgAT @ L P

2

A o5 Azsh g4y

Azt & *lz 3} N2 gAY, g
_11

f
™
X
(et

T olE B4 3 S4o) *15-_ BE £5 ge 4y
g % giths walo) sl
NE MRS WHY BEE RYE & 3

£ Atstil VHDL(Very high speed integrated
8} o

Q
H e

circuit Hardware Description Language)g ©]&
FPGA(Field Programmable Gate Array)®A] At
stegolz Fdstnxl Fol A WHe 94 s
P Rz BEAol wel B g sl ASE ud A
o PP 2l YL ZHolu} CNC 27| A6l A

A3k ol F ALt FoAW o]FAY Ha &5, AZY A

-

FPGAE ol&%H 2R3} CNC SX7|HS 7tyss 2 e

Trans. KIEE. Vol. 48A, No. 3, MAR, 1999

¥, 8E8 A7Hsampling time)& F3t] ] WEH AS
Aol olF AuE Aitsla date Hyo ARse p=
S= B¥Es A4

=R AL 981 2o 2 FelME £ 54y 4
AE AT 7€ P vHE BYE £ e wye A
gk 3 AellMe Agd $ge VHDLS o] 439 FPGA
2 7Es7] s dAY FRe 2 WR B2 J%d B
& dgech 4 FojMiE o] FPGAE o] &3t Y3l 717
£8 2 2% A4¥S ANt A 15 2R 2" A
Sste] 1 49 2HE BAE T, 5 FeAE B =2 B
& AES WErE B

2% AERAA A 30 T=nT,, #& 72
Ty=n,T,, oI5 78 S7t Fejx9 dAste 549 sz
£¢ Re = HYE 0o Lol 44T & A

21 3N Jtus sMg 2
chgel s A bRd B4e ge

«

detaz @ W £E 9y $29 A%
o

rr
B
H
H
ogt

g Watd olch aWH shg FRolMe] of AEY Az
S A3 F8F Aolg) vge nAYL = 1y 19
B AHY S Sy e S, =1:3 (2n,—1)
o uehbd € ohRAXZ & FhelA of W4Ea

n, Time

I8 1 Aotz £ algolM of MEe

oz ZEY

AlZHS ohel
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in the acceleration interval of a trapezoidal velocity
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Fig. 2 The position increment during each sampling time
in the acceleration interval of a velocity profile
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proposed acceleration and deceleration circuit
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Table 1 Device Ulilization

Used/Total Percent
Total dedicated input pins used 4/6 66%
Total /O pins used 77/141 54%
Total logic cells used 2036/2304 83%
Total embedded cells used 0/64 0%
Total EABs used 0/8 0%
Average fan-in 3.49/4 87%
Total fan-in 7114/9216 77%
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Table 2 Characteristics of acceleration and deceleration for
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