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Study on Laser Image Engraving Technique
JIANG Ming WANG Ying HU Bing LIU Xiao-dong HUANG Wei-ling
( State Key Laboratory of Laser Technology, Huazhong University of Science and Technology, Wuhan 430074)
Abstract In this paper, general laser image engraving arithmetic such as ordered dither and error diffusion was studied.
Based on visual grayscale characteristic, a new method of multi-level grayscale module for laser image engraving was
proposed. Using this method, a color image was processed through grayscale conversion and color quantization, then
engraved with engraving module without digital halftoning process. With lamp pumped Nd: YAG laser and x-y scanners,
a 25-level grayscale, 247 dpi laser engraving image system is implemented.
Key words laser; grayscale image; digital halftoning; engraving module
| i
HOEET FENE B2 B AR RBOEEA 3L
FEHBEAR ST HEILE RO AR TERE =D,

B FHROE AR 8 b= T OB ERE /s i T
LR R R, 455 0T BB AL BB AR H b BE
EEGRE R KERIR, 2807 @i —
{8, E WO AR T R — (R,
SCHUBRER I R 2 PR BT R AT L. WOEECT

BICFRZ), A B PR EARZ WO &) R TR
el 0 2 B 22 1 AR5 MO 5 B SCF AR 2B AR RSB

Ko BEE LDPSS B i U AR 5 P 15 e 21
B MIBFE A, 2000 4F 10 A 55 75 )i 650 [ PR
JetH TR B A LTI 22 A el T S ot A
RIEZ B % , 7 LG 20 1 A RE L REZ2) t A 2

BRCR . EA_EBBOLEARBIIER PR R
WOLWFFEBe % B4 M 80 SR FWIIFIaBFE T CO,

BOEHEZIPL ), TR A (0.2~0.3 mm), A
15220 43 PR B, 32 B A b 4528 M b4 B B K
R TET BEZ) , YAG SOV REZ) 4 , B A R FE 820 .
RATVEDFFT H R BOE B S0 2 50k o 265 |, 26T

VARG BET A A, 32 I B T e i 220 K
WP IR BE S, R FAE T #0OE A HGL-LSYSO0F 4T 4

WOCEEEEDRI A SEBA , 7732 B ARAL R R T
Y RFR B SR A B T2 IEAF AR AR U .

& Z B A B BOLIR 2P B AR 2 K 8 30T
T , BOEHR I &8 BE SO Pl s, e iR R

22 — R TR E AR , O P {5 220 R A Dl 4
i 77 3, BB R KU HREZ] , T HL 2SR A KB
BIRCR o 1 TFROGAE FAY B A4 K BE 53 32 #ok
YT HOETI AR 90 B | B AR LA B R

2 YAG BOEER , 2T BL T 25 IKBESK, 247 dpi 51
HEER ks B RREZ R G
FEYESZFP R R, B e SeBME B K K &

2 BOEHTERBEZ R GRS

LI (RSO L 4R 220 A% G B pILAEE AL O 2



586

h M

s

b A29 ¥

M 2y TAERE AT TAE , ta T30 H HLAE G 2 i LU
B B BR ), B LA i o 1 Ao G 4% %, FR Ak PC
Pl . WO E ¥ BN IEE CO, LR
Nd: YAG #OG#E , X 8ot #5 ZR B £ 65 & 47,
hakg MR E A . P EE N RA oy TS
Bah O R e — G IR Bi ML Ot R . RAIRSS
PR, B ETRERA F-0 BEEE, 76 i
Fifi 22 ot 2R A B IR < sk DA 43 B4R, Jir A 7 /N B
THREZ) R o 2y TAEH A2 300 518, B %] —
T B [RIAR A, (S R R AR
B, T L2 5 S5 B g T PR % v i R 21, A
AR, B LIPS SR 7 g T e 220 v 6

WOE G2 RS E 1 iR, RA%ET
WO TARA AR LA HGL-LSYSOF #RZI R 4 (4%
KTHZE Nd: YAG BOGEE, RA 2y BEREEH,
F-0 BR R AL, A, JifE 2 6 1 : 70 mom X 70 mm,
WOLHARZ 8 WL B K 1064 nm, ML, JEBER

1 0.03~0.5 mm, H KIHE 50 W, G Q #i.
500 Hz~20 kHz,

control signal

EEEs laser device

control signal

D/A control card

laser beam

RC

-

X-y scanners

Fflens = ?l‘f“

laser beam l
% work bench

1 BWOLR B2 R g as i
Fig.1 The stucture of laser image engraving system

control signal

3 BOCRRT BRGNS Bl 2 58k e Sk
w5

WO REE 2 2 F MO 5 BRI 7= 1R
Bt BUSE , 764 ) 2 THT T 23 €5, A B R 0k 2
FIZRECR o T A K AR R A TR FE M R IR
2, HRCR AROE B2 S % 6 B8 B9 ¥ Al
30 HR FRUZ A (IR + W2, an s e 4 %
IR R ) MEBRAM PVC H % HOEE A G B
R ZEBRAPIRE, BOBREZIT , Ye2) s R 2] 5
IR I —fE8CR , R A Y i 20 88 4 S B 2 — b —
(i B A, D BRAR IR BERCR 3 % R FA R T 42k
EIRHAR N 6 R AT (5 b B 1
DL RS K BE 9501 9 2 5 30 1o 6 200 50 1 i 285 ok %

ik, ROGEZI R F B R ARS8 TFAEAREL
RN , B B F ok 22 K BERBUR

H AT T30 Pl 4 i 20 5k 1 5 - €6, 98 5
A HE R 2P 8 (error diffusion) . F J¥ £ h %
(ordered dither)' . 1R259 # BB ZE T AMB &
WK B 5 0E 1Y B V8 22 o R A B R R
op, SRR 3 AT LASRAS B AR K BERICR , T A
TZ03 (artifacts) o AIFRIENIEMEFKA N x N K
/NP EE XS B R, BERIR R B N < N
KN IR, 5 25 X4k v 4 3R K B {5 ) 3l o o
Xof o7 A7 B ) IR A , KT A, DU o AR oh iR
RAER 1, BWH 0, KA FFH}sh ik 5 B K E E
B FEFEINE 2.

X PIARALL B T5 B # e — A — b B (STS) , X i
100 100 8 3 B9 B 4%, 4b B8 % — {8 BR )5 KR =
100 X 100 8 FE , Al 5B X I i 28 (1 05 b i) B 3 43
i el SR R B K BE Pk 8 , KA R IG R R
FOUNRERG & PR G, TEY KRR EE.
T EL X R PR e A P R E A R 2%

D i 0 o — % 25 (STM) 307 P 1 b 78
TR, ER— T E A Kk % 3k 5 B b i — 4 K
BEAR R, K BEME AN IR] , 0] —f DX 3558 1 A b A
—FF . XFEAR B BRI T K B B s LB
IKEEZE 5ok B R A5 | A K t o, PR 2E 8 T
JEA B BSR4 BB AR BRG], (E AT AT LA R e
IR BE G BEZ v, AN P2 (o i AL B, T T 4%
TR BE R 2R, 7E (Rt B A b 5 B Re BE K
JEEEM, XFpOERAT BGOSR, EA
HmEEE R R AT, v LIS 38R B B
Ko

SR FH R JEE T 2 AR S IO K FE el 400 2 g 4k
PR WA 3,

6, B8 57 A K B A Z Rt A, A
FHAAX(DIHHRBREIKE

grayscale=0.30r+0.59g +0. 115 +offset (1)
3P grayscale ek 1K BE B 8 R (9 IR BE 50
r.g, b ARBRK =FAH R, offser Ty i85 ElE
BAEEEMREE, CFRLIRITRAEE 58K
BEzs[a], AR AN

f(grayscale) = grayscale < 10 (2)
grayscale K FIKBED , f(grayscale) Jy it ikl 25
RIE WK ER

FATBIT B 25 Gk 2 B AR e IR % i 20 %4

RREEWME 4,



Supplement ¥ OIS BOt¥CT RS EREZIBAR TR 587
3 24 |1sa| 2| a0 X
. 104 16 136 b \,\
> 4 i \\-\
/ 15 248 200 | 88 .
= N
: 12 168 8
’lnpul image '—T)ld red ltlh l;l n— Output image ot
100 135 180 35 1 0 1 |
45 66 200 177 / \ 0 0 0 I
1 213 | 230 312 : N\ 0 0 1 1 1
L& . \"F* P . : )
22 | 255 | 166 [ 11 \ i : .
B 2 AFEshiEE R KRR BRI
Fig.2 Schematic of image processing with ordered dither array
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Fig.3 The image processing flow in laser engraving system
25 10 11 12 13
24 9 2 3 14
23 8 | 4 15
22 7 6 5 16
21 20 19 18 17

(a) 25-level engraving module

(b)level 1 (c) level 2 (d) level 3
Bl 4 25 FOCHEZIBOR R HBCR R ER
Fig.4 The schematic of 25-level laser engraving

module and its results
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Fig.5 The laser engraving result of 25 level grayscale image
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