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Development of Look Ahead Interpolation Algorithm
For PC Based CNC System

Sun-Joong Ryu’

"Dept. of Mechanical Engineering, Dongyang Mirae University

ABSTRACT

This research aims to develop Look Ahead position interpolation algorithm for small size¢ CNC machine controlled by
PC based controller. Look Ahead scheme can process a bundle of CNC's linear interpolation commands simultaneously,
which reduces acceleration and deceleration time within single linear interpolation command. The algorithm is derived
as simple analytical form which can be adapted to PC based CNC system by C language programming. The performance
of the algorithm was verified by tail stock machining G codes experimentally. The average traverse speed of the CNC
machine was increased by 27.5% and the total traverse time also reduced by 27.2% with the Look Ahead scheme.

Key Words : CNC, PC-NC, look ahead, G code, position interpolation

LM B

2utEE eo] 373} B FAlO uhEt, AlEF ]
Alo)2 A7} 71E8] Fepig oA WER F743]
A= 5L Ak 20159 Al = AR AEAIS6
T LR FS Aols 2AE A& Ao] A
Al o]t} wlg Ao~ AlZxE 1GA A GFvF
S tolALE o R JYe ¥ 2dAE 4% CNC
7HE71E olgste] AAEste] edshe o R ¥
Aol 74 =Tt olel wet &% CNC7FE719]
27} 3A F7FHA €k 2015 dnbr] 24 71
3 Q= AR WEE 34e] 739 AA Al
zo] wg Alo| A5 7Hgs7] flste] oF 1Rtejtie] &
@ CNC7H71E 75 AIERl 2o 2 e Aol

ol e w5 dhe o wEk 2% CNCTH
7] AZAFEL &%) 214827 (high speed maching,
HSM) o]}l F& 7]&S A-8-38te] gnle] Ak
S Z7H71324}F shal ATH2]l. HSME &3] 98]

oy
%,
ol

"E-mail : sjryu70@dongyang.ac.kr

30

M 7IAl 8L SR RIS EA, Aaks A
A, AArz7 A8l Rk olugl Ao SHeA
71&9] Mol oA €l A O Z = Aof7]
T84 F YA B E] F(position interpolation
algoritm)e] F8.8F &9 847} €. 7|& g2
CNC ©|$HHEE9I GRES 714 =3k A8 sk
], ZuEE Alo| 28} e BEAYPRS 7Heehe ¢
T ~TA um Aol AXEZF HEH-E = Xt
oF git}. ojuf CNCE ZF GRE WH oA vy 71

YR EZES 35 Fl=H ol uel AA datols:
& A "o Arbde] A Askd.

ole} & AL A3 flt vy GRE
HE S A At 7 YIRS e &
9] Look Ahead &3] o] 7|E =] o] CNCA|o]7]9
ALH 3 e FAlo|th34 Ty o]9} 7He 752
CNC U 5ollA B33t gl 9 olo] W& 1
A ALte] Ha st 2P o 2A AL A o7& AHESh=
3} 9] #o]Z CNC A (Fanuc, Siemens 5)2] A&l A]
TR vk web S 29 CNC7e] Alx
ALl 7% 317ke] Sl CNC A &S A)E-3H7] 2o



PC7]HFCNCA =81 S

9% Look Ahead 7} &a8|Z 7w 31

A 7F] PC71{E CNC (©]3} PC-NC)°ll 4] Look Ahead
7lsol +EEHE 8332 Ao B AFoA=
Look Ahead $1X|R7t4312]5-S PCoA F&o] 7Hs
SI=E JdstoZH olef e ] T4 7] Al
ZAVES 71E 8ol dg3A) g

o]&} AFolME WA Look Ahead € E]&2] F2
Aol disiA AW S g F o] & PC-NCoA] o]
7Fstes AlRAR] 4S8 AT e &
FEFe] 45S AT flste] g A% Uymal
2 PC-NC Al 2=H-& &85} Look Ahead &8 &
S AA A"l FAskth wA2Ee. 2 Tail Stock
o] 7+38 F=F 83l o|F HES FATOEH
Look Ahead &9l w2 Ht o|$E&E g & 9]
AR Ao AE AF3IS

% B Zk(linear interpolation) Y3l F o2 *2|H
7ol AREE flet 4 GE=
Imm ©]&te] 22 & 7= Aol E%O]E}. et
e8] G019 AP R daEjgow
= 7 iiﬂﬂ R ARG R R ]“5\‘4_«] =94
FAR NE 25 Wl 7] AA) olFE=Tt A
BHEEol Euelr] fohe @l BAEA Ak 2
oA oot 22 EAE i dstr] flete] A&
ol /el 5L 7| efste] B7kelE Look
Ahead B.7+ R0l theliA Awsizt gt

Fig. 12 3402 FAE %:rL 1%73 27} o5 7€

o]t} Fig. 191
15& g zolm A
o7 FAEo] At i
= vy(D), v}z o] Ve(l)a}

£ PR AT A BE

EE9| nii o]%é.:E Al zolth. o]l ¥kate] Look
Ahead B7F RS A8 A9 dWHH o R piA £
£9] nl3] o]F& el Vg(n)T: A 27} oftm o]& wiak
WEo|| QA3 A T EF2] B L] AlLtE o]
of 3lt}. Fig. 1914 o]$ARE ol FHo= gAlE F
ol miA BE0] nil o]FEHEQ] v(nE ANtsl

]oHH _LE:]Q“ Look Ahead £-Zo]t}. 717 PE &=
o] 7 Lo]2tal & ul] Look Ahead 7t ¢312]&
< ﬂ%ﬁr Q—S— el #AZ 71A18 € 5 ok

A A2= MY GEE &5
A BEZ9] }\]21— NE=-i=

ltflu;ﬁ _%

rlr r_>.:

—

Fig. 1. Tool Transverse Path : Successive G code blocks
for Look Ahead scheme.
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Table 1. G code file for tail stock machining
G code file [No. of blocks| Ave. block | G code file [No. of blocks| Ave. block | G code file No. of blocks| Ave. block
no. (ea) length (um) no. (ea) length (um) no. (ea) length (um)
1 797 7 23 76 7 45 414 11
2 397 7 24 76 6 46 103 10
3 260 6 25 396 7 47 74 14
4 80 12 26 399 5 48 73 14
5 172 6 27 629 6 49 92 12
6 340 6 28 136 9 50 94 10
7 91 13 29 452 5 51 91 11
8 62 15 30 44 11 52 167 5
9 43 17 31 252 7 53 219 7
10 33 15 32 187 8 54 62 7
11 44 14 33 158 6 55 173 11
12 51 15 34 56 14 56 542 8
13 116 4 35 92 12 57 397 9
14 179 9 36 65 14 58 173 11
15 574 6 37 307 4 59 513 8
16 596 5 38 94 9 60 471 9
17 143 9 39 116 4 61 645 2
18 395 7 40 355 7 62 1638 2
19 376 9 41 416 9 63 1557 2
20 52 10 42 357 8 64 558 3
21 51 9 43 210 5 65 1559 2
22 23 22 44 407 9 66 1645 2
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10000 y‘ Ty
h

Ty o iy \ BB
h ':\I I 1R '} TR ‘ :‘ ] ,' :‘ | “:‘H :‘ ‘u, 1 H'H‘ REETIN
'\IM AT \ IR EE “u‘ H\\""MMM
I IR ‘ ! “ [ ;' ny ‘:,‘M :‘ “u‘ 1 H'H‘ NI
8000 n! Pl f ‘ :: TR H [ u"“ A TETIL]
IREN \ u‘ TR ‘ SRR ) W “‘u Il HIHH "u e
| nhuy ‘ W ‘: ] .' | :J‘u ‘u‘, HM TETIT
W ‘ \ I \ Wy | i “, gy
6000 whuy ) Hl | \‘ N “ Y ‘H ey
M‘H\\ l N “ H“'MIHH

'M T
Time (sec)

| | |
(a) Without Look Ahead

|
|

1
[
[
[

Speed (mm/min)

4000 ’ ‘H

2000
Allin

ol
0 100 150

]' H iy , WO
ol D uI, iy u”u u\:u
ol pul b iih n:;u A
¥ g l”*\ AT
il | ,\u n], “u:' u”q 1 .u
H \|‘ [N b , Wi

AN
g inl
u“:lu‘
i, \'M‘
[ \'u‘
;u \lu‘

T
y
m
s
iyt
\ul‘

@
=}
S
S

Speed (mm/min)
H
o
o
o

0 50 100 150

Time (sec)

(b) With Look Ahead

Fig. 8. Command speed and measured speed (G code file 01).

Fig. 7 Table 19] GEET} o] thate] A& o)
%=, Look Ahead & AM8-31A] 2= 7§ o]
Look AheadE AMHE-SH= 74%-9] ol$&E
£ o] &3l 4% Ao}, AA|
2 AFAA| A7) Wie] tAE 58 o]
=4 Aot} Fig 79lE ZH2+e] AxE v
4
3t

0% Ipr
ofy

oo MM

J‘mZéLliﬁo}iﬁN-EJb‘

=
=

o i o

o]& Al

Lo

ol
-

FJ OFO
ol

Aﬂ}\]—‘/] u].z].Eg /\]’6‘] 7«1_»]-

At 289 7+ vk A7)E 7 GRES
GOl FAR7F PHE9| o]dro] Htx| o|t}, 1
A 818 = e A o] BE GREFY
A& ol&EE = A F ol&& R H]ste] 2R 7/4\‘%
¢l 8 5= 9t} o]+ ZF GOl FA R W =aPA] A
H FoA rkE &350 Basty] wFolrt =3t
Look Ahead & &3l 7459 28314 &2 A%
= v]wa] B Look Ahead & 2830 EH o|4d
T EES € T AUk GiEJ}Oé ZAAZ Look
Ahead AHE-3HO & ALR3ER] ¢S 7ol H]E}e] o]
F$S27F Hi 2,313 mm/min A 2,949 mm/minl 2
oF 27.5% P AHAE IS F AN

(o)

e mlm
R =]

=

o
_1

>
9

Look Ahead &80 w2 o]4&k 3] st &

38 AAs AW dale Fig 69 TR ol%
Azl tete] ol $EEE ARHoR 2QaT)

Fig. 8 ¥ Fig. 9= 717} GEZ=31Y 01 ¥ 659 o|%

_L,IUQ_PJUO

£=5 Yehd Aoltt. ZF 1y oA HAe X FH ol
LT E AALe A o)FE&EEE AT Aol A
Holdd o= HjE2} 7 E 10,000 mm/min L]
3 AAFEZR) A= 5,000 mm/ min ©]TF. Look Ahead
A4 HAFE vws] B9 Fig 8o =AIE GR=
g 019 A$ He o]EEEE 2,115 mm/min©] A

l\)

549 mm/min 2.2 20.5% 71 Q0w F o)A 7t
L 152 secoll Al 127 secE 16.5% rA3tith GEEv}
A 65 o A= ol Aol o =] YehA
HEd HH#ol$EEE 957 mm/minol A 2,787 mm/
min®=Z 191% 37}, & ©]&0]17H 171secl Al 61sec
E 64% a3tk

Fig. 8 B Fig. 9¢] H]ao| A} 7ro] 7zt GRETdd
Z Look Ahead A& A3 9] & o|gA|7ke] 7HA H| &
o] zto]7} YA At} o= FE GZE=9UU 9 Gol

Journal of KSDT Vol. 14, No. 4, 2015



36

10000

8000

6000

4000

Speed (mm/min)

2000

100
Time (sec)

(a) Without Look Ahead

g. 9. Command speed and measured speed (G code file 65).

70%
60%
50%
40% .
30% .
*
20% S g e

10% S o

Reduction of machining time (%)

0%

20 25

Ave. block length (um)

Fig. 10. Ave. block length vs. speed improvement.

AR K 7re] olFAolet #AZE ATk S Table 10
Epd wpe} 7ro] 1 019] 74 Het GOl ol$A e

ol Hlste] T 659] A= 2umel &3t}
ol &S Zeolo] Gol AMRZF o]FS T A Wl
WA 77H5E 317 E 224 Look Ahead 449
237F  2A Jertr] el Fig. 102 o9k ¢
o] &35 A GREU e tiaiA] FA S Ao|tt.
7FEE2 7t GREIIS GOl Bt olF7E A=
%2 Look Ahead -8 A2] F o]FAIZF HAES
LR Aot} el A9} 7101 B3t ol AT} A
S ik whlE BAR F olFAIZEe] A HlE

53

o] diEE & 5 2l
4.2 E
£ AT PC-NC oA 730 7}15—-3}5% Look
Ahead 47 8]ZS T3 2 A== HLslE AL =
Ao s3ith |5 #15te] Look Ahead ¥al2]| 5]
AFAQ FAE fEsiglon olE &9 HYmal 3
PC-NC Al=glof] A g-sted o] Ag& 13Psisitt of

WAt 22 o] 7] 813 A] A144 A4E, 2015

Speed (mm/min)

150

50

1
Time (sec)

(b) With Look Ahead

I~ =
<

AlF o I E

A &2 Tail Stock A48 G=

stFom o 22 A9E ﬁ?l

- AR GR=add sl = Look

Ahead 3 & HAIFTE H]_u_O}Oq 2,313 mm/min®l| A
2,949 mm/min®. 2 °F 27.5% FFE AT

- oo wg} F o]FAI7H Look Ahead {8 ATE
B W 3ke] 3,626seco A 2638sec & ©F 27.2% TH=T
At

- Look Ahead A-&-¢l w}2 3= GE=TY Y9
GOl AA Bz e o)gdolol ujet A4 Fct It
o2 G01 ©]¥74°|9} Look Ahead 3§ HF g3}
= dAl

ool tjst Al ‘:'Z“?l Az g7 AR o)

o §-3ke] 53
ek,

N2 T —
o olFFEE

[0
¥

74?47} 7um Q GREFRY] Y F o)FAL
16.5% T2 Aol vste] H A 487 o]AR 7}
2um ¢! G:T: d AS FF T 6A%E FE
Atk
E A3E 48 CONC 7FH71E 913 PC-NC Al 2=H]
o] 218 7153 Look Ahead €8] &S +38 7153
FHZ N 9 2 45S A4S s Aol g9rt ok
LAtel 2
& e 20159 E s ol Shed A€
Aol A hg ol FelEl AA| Y
28

1. Hyung-Soo Lee, “Samsung Electronics Co. will change
manufacturing process and materials completely for
Galaxy S6”, ETNEWS, April, http:// www.etnews.
com/20150401000092, (2015).



PC7]HFCNCA) =8]8 913 Look Ahead ®.7F ¢2g]

o\

7 37

2. Todd Schuett, “A closer look at look-ahead”, Modern 5. M. Zhang, W. Yan, C.-M. Yuan, D. K. Wang, X.-S.

Machine Shop, March, http://www.mmsonline.com/ Gao, “Curve fitting and optimal interpolation on

articles/a-closer-look-at-look-ahead, (1996). CNC machines based on quadratic B-splines”, Sci-
3. Hansuk Kim, Doyoung Jeon, “Study on the velocity ence China, 53(1), pp. 1-18, (2010).

trajectory for high speed and high precision machin- 6. Hong-Tzong Yau, Jun-Bin Wang, Chien-Yu Hsu

ing of CNC machines”, Journal of the Korean Society Chih-Hua Yeh, “PC-based controller with real-time

of Precision Engineering, 16(12), pp. 977-980, look-ahead NURBS interpolator”, Computer-Aided

(1999). Design & Applications, 4, pp. 331-340, (2007).

4. Cheol-Soo Lee, Je-Phil Lee, “The implement of 2-
step motion control loop and look ahead algorithm
for a high speed machining”, Journal of the Korean — HT2: 20153 114 162, AAFL: 20154 11€ 26,
Society of Machining Tool Engineers, 9(6), pp. 71-81, AAEHL: 20154 12¢€ 219
(2000).

Journal of KSDT Vol. 14, No. 4, 2015



