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Three — dimensional reconstruction for non — symmetric plasma
arc appearance based on gray value

ZHENG Qing-yu, LIU Xin, SUN Jing, KONG Hong-ling
('School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract ;. Plasma processing technology has been concerned in the forming and preparation of various difficult machining materials. The tem-
perature of the plasma arc is the decisive factor of influencing processing quality. The most existing studies on temperature characteristic are
completed by interval sampling measurement under the assumptions of arc radial symmetry. In order to solve this problem, a three-dimension-
al reconstruction method for non-symmetric plasma arc appearance based on gray value was presented. First of all, based on the self-devel-
oped image acquisition system, the space layout of CCD was given and the digital images of processing plasma arc in the direction of 360°
were acquired synchronously. Then image preprocessing such as gray processing, histogram equalization, filtering de-noising and gray con-
tours extraction were implemented on the digital images in order to get good visual field and measuring effect. Finally, after numerical simula-
tion based on stereo matching and interpolation through six gray contours from inner to outer of the plasma arc, a three-dimensional model of
the plasma arc appearance which has correlation with temperature field was established. The results describe the distribution of the plasma arc
temperature field qualitatively, achieve the non-contact measurement of the plasma arc appearance and get the real appearance of the process-
ing plasma arc.

Key words: three-dimensional reconstruction; non-symmetric plasma arc;non-contact measurement; gray value; CCD image acquisition

. JE 773 0 7 I A 9 ke e o M A D, 2 A o I
0 5 & TRt 280 S RO AT 280 P
VLR A B RN EE R S B SIS b | {58, MELMEEE PRI =4 50 B 22 Ge 08 R &

Wfs HHA:2012 -02 -29

EETH : BRE ARRAAEE YOI H (50775019 ) ; i e mi A AR 45 92 L 15T 6 YT B 5 H (DUTI0JRO8)

EF BN BRAR (1987 - ), 5L THRIG N, FENT AL T L2 534 J7 I 5. E-mail : zheng_qing_yu@ 126. com
BREEREAN A A, T, B, A Sl E-mail: sunjing@ dlut. edu. en


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

74

TP, 45  HE TR BEAE AR X R A B TR A ) = - 751 -

Gy AR 21— 5 19 SR M ELS R AR

P AN Ak, 28O TR LA B 1 A IAR [ 3
PRI SO AR b PR IR T, i 3of Abel
AR S Ty 1 T AR
HI T2 B RO AR I 4R 25 32 B BRI T4, AL TC
VAR 1] 2 ol o) S AE X R 4, e AT 3 O 2 AN
SRR, HARE R WA B AR S i TR 4
A B AIR = 4B S A BB T 08 SLRLE 0y
Ay, ALRE RIS TAF 4, 38 7T DAL S S 55 8 11K
A AR, Al AAR G s DA X AR 1], {H 21 H
BT L, A S B P A A X AR 45 1 5 9 = 4B S i
WFFER IR IE

AWTEET AT IR BRI E, RE L
IR T B 55 B TR R, 25 G sk B, 1]
Matlab i 45 8 7 (R4 T 2 T K B E LS = 24E 5
A, AR A S ML S AR, A X FRAE
BTG BE 7 W) — 2 T B S A BRI S

I EBRERS

1.1 BHXERFZEIT
PE Sy 52 36 0 5 X 42 0 45 55 F R 9 B RILAND
WS250A 45 B FARARHL7 4E , K253k 1 R, 55
TR ZE AN 2 Fs o
%1 RILAND WS250A %5 FEH 5%
WE  BUEDIE WA LA Tir] 2

HE/V /kVA Jul/A LV HJE/V
380 £15% 9.5 20 ~250 20.8 ~30 62

K2 SEFEARBSE
H/A B FUARR/(L - min ™) BEHES] T/ mm
120 1.5 12
UG RS2 E AN R 1 R . B 28 T
KA JEE RGN AL B B AU S R
Pfpl £ o Jer R RS EE i OB PR
UEOG R R AR T UE O i AL S MV-VDO030SC iy
CCD Fa 1o ASHIF 7% 30 2o v 4 %% B 8 S v A0 o 15 Ol e
MG 1R/ DAARAT R R 1 5 B 3 35 L]
TV5 U8 AR AT R B T A5 B RIS
CCD A MUK 72 48 T ARAR BT 1 9I0H: 25 8] 4
FeRTY . CCD REL B TRINEG IR s 54 i
FEFEAES Gk B P B )58 A = e A RN
EIUR , DAL S 2L ab 91
1.2 CCD =EBERE

CCD =3 (641 & 7 AN 2 Fis. 558 TR R

K1 EGERERGRER

o [ RE AR e % A 5 B, HR L 360° 77 1) 1342
fii # 3 > CCD AHAL, I 3 4~ CCD By Lo Ab A ] —
i DR A B A R — R AE AR R Y Bk R
AMFEIRI R 18 2 R iR AR — 1A
A, A LA D 10°, AR & B UCiEs% 10°,3 4
CCD MIMLIF 5 M AT — At i T 458 8 TR 9IRS
FROT T OLIMACRAR R, B 2 P AR XSG 41 3%, R
FESAAIXAY 18 A7 B LA 5T 18 IR AR, Bl R4k
B AEE TASIRC 7 IR SE (5 B o

-

LHIXB]
— Y g
XFRIXA
100 | \SEIREC
[l _~
7

CCD

K2 CCD Z[a A E I %

2 BB miALE

TESEPRI R R, dy T RS MR A ) 4
PERZE LK CCD AN [ 470 7 % 6 B i 137 119 AR — 8>
SR, FERERG i CCD RER N EE
TR BUGR S A7 AP Bl 5 RN IO 2k B Sk Z R
St — BB i s MR I, W (N 50k A 0k
FEE AR AT, BRILZ AL, SR RS ARRE TEA
R AFHR 208 5 B PRIV R BB 7™ A R
I, A BT R A I Y R AT AL B, DLRAS KL
MABE NI R . A58 R A Matlab 36 5% 52 21 /)
By BRIl PR, Tk N 2 G045 - R OK BEAE |
IR T3 PRI A | VT 45 0 18 25 W LA B B8 25 fEL 26 4
i

CCD A% A 55 B TR EHS I IE] 3 (a) Pz, Hoxk
IV A4 IR P P ANTAL 3 (b) Bl i 3(b) AT



752 - LW

2%

(a) 5 B TRIIURL (b) K I 5

()P L UE B I AR PE I 15

(c) ANk B I KB [

2
4000
“f
) ﬁ
H
sof
i

100

120

(€)55 (b) B GH IVL 14 I JEE A2

" o f
sofll o i

X ‘

100f § o9l
S

=

20 40 60

(h)ELJT [l B4 Jii 5 (b) DR
R R S

120 NS
20 40 &

() BL77 B B4 5 5 () BDGH Y

1) HO B AR )E S (c) BT
(i) B AR )5 5 (o) B R

PRI PSR
B3 AR T AR R A Tk 3

H TSR i P RS 1 T, R4 B Y A g 1 (AT [
R BRI ARG AL X 5 15 SR AR . (HZd
YL S P AN PELIED T , AT LAW] A 0] L B3 5
WA AW T, W 3 (e) 3 (d) Pre B 3 (b)),

3(c) 3(d) Xt B Ay K BE A E L A 3 (e) 3 ()
3(g) Bz, [ 3 (e ) i A i S ety MR P 400 [ 1) 57
Wi 5 FPELIE IS B AR BE R 9ICA B3 b , (ELR R G JZ IR
IR AE 7 INIE 3 (g) B s L 3 (f) W] LA i 420
TR 45 By T AR B A FASCR By . BT 1
AEBIR P 3(b) 3(c) 3 (d) X i i AR JBE 2 (HL 2k
Bl3(h) 3(i).3(j) Fra, 5 3(e) 3(f) 3(g) X H
Ja AT LA B, Gead E5 TR A Ak B P A5 = Tk
AR T

Hy I AT UL 3 i 55 R IR B R Y — &R 57
AL BRI AR, Al ARAT R A B RICR , 5 8255 B AR
YRR E A R T A

3 FE TS =4E il Ko b

3.1 HEFEE

L6 B T IRIIGELEEAR &7, A0 B2 AT 35 20 000 K LA
b, R O G R o Tl CCD A ALY $20TE
il B (22 2 08t B 4806 2% 2 G 0h 47 50,
CCD AHBLAASE B 1 UG oot [ R I SE BE AR R, 55
BTFHIUREE 3 (a) s, BT 258058 im
THARAMA T AN LR E % T35 B PRI %
TR ATt AT S PR o 55 B TR S R 1
SEREN S R S R IR e T — s X i e R i
GO B 5 5 B (B AR AT o I 0 1 06 2R, PR B R F K
JEE M A B TR = 4e e e — e R b T
LB TR IR T A AR 2 o
3.2 BEEA.

R TAOIN 30 )2 K EE AR EH L W 4 iR,
B4 0. P 6 R A (A LRSI, A 7 J2 TR IR &1, X
EHTWE T ZHGRC AR TEHEE FRIIA S, HE
IR SR PR A A B TR 1) SN S ARG T, T LA
AWFFRICP 6 JZ 55 (LI AT BB B, 3 F 57 4R DT
Pt G = AR R S S R AR S T S
PR,

HARE L E 4 iR, 56580 [T HL 5w N
JEIKBEE R 255 ISR ELAT W22 2 A B, Il F Pho-
toshop A[ 1 A\ B W4 s AR R AL AR, 255 bR B FIT5 H
X A5 ) SE PR AL AR AE, S0 DA 18 i T 5 rh RIS Y 36
A AR . BT 1R 36 AN AR FRAE BT 42 gl o
80 FT/KJEAE Hy 255 MR EIEAR (CINE 5 i) . B5
H1,A" BN 4 A B IR RS, CT D SR 4 FaE
SRR B AT R 1 26 80 17 HLAR 5 e N2 K BE
{EK 255 PSEEZEI PN SC S XTI S . B A'B'Y



74

TP, 45  HE TR BEAE AR X R A B TR A ) = - 753 -

K4 S5O S HZ

C'D'AHAZ B 10° , S AHRRAA B AL B A BEAH ) , 3 L 3 ik
TR R MERYE . LA, 28 80 AT Al 5 MK
FEM AR ARt 1] 22 Y SRS AT 508 B — AT AR
16 P P AR EL A 7 sCEE A e At LS AN 2 B 1A
IR BT =L F AR

2 T

y/mm

1 1 1 'l 1 1 1
-25 -2 -15 -1-05 0 05 1 15 2 25

Xx/mm

K5 5580 47 K EE(E N 255 HYRRTAITEAR

3.3 HBRAW

AWPTEAE C A5 A FGOR AR B AT 25 11
AR A, 4R 45 18 i AN [ A1 BE YRR, 22 ]
R IAL B A FRE I B 45 B RO = 4P
S, AR AN 6 PR

5 LATERTFEA L, ASBE SO0 EE T30 B Y AR xR
A B IR ST T A A & SRR A K2
S, AR — BT 3 T AR X R S T
i BE I B Rk RIS 25 8 1 ARSI B & rh R BE A
SR RSO AR il K R . X —
B T, AT I T ELXT X0 R 26 1 7 ARSI
U T =AY, A A5 R -5 IR 5 1 MR O AT AT AE
XK FR o ARAE 3. 1 35 F A4 B BE B ) i, dy L2 A
1 6 SR AR UGB H . T35, fe N = L2
KA B IX, 8 AT AR BE , 1 o 4% 2 1M
RO TRLEE R, BV G D T2 R 4, AR S e BE K

z/mm

K6 A BT RIIUR 5 — 4 d 2 2R

SR B CCD APLRIEIE Bl . i 6 ml i,
IR G ICTE S il 1) 3 A () 2 AR X AR Y, 55 LA
FERTFE AP AR AR 0 XRERR I 25 2 TR EE e A A
A, 5555 B TSI SE BRI AR, B s e
HESW TARIRE

4 ZERE

ASBIFE R FH AL T 0 R ) B RUASE0 7 3 T s s
TSRS B TR =45 . FEE5eT .

(1) EBCRE R G BT REAS P R 52 1) 455
[ Kb 0 AR T A A - AR

(2) B ADLAE R TR, 2205 % JE 3 it i 55 8 1
PRI FLSRAR , 52 B 1 0 TR AR X AR 45 2 114K
TR AR A 5 5

(3) BAUAE R E MM R0k T 45 B TR
IRARAE DL, X T AR PR A B TR BE 5 1 € 1 o0 #r
HA—E RIS ML IR 18 5 5 o

S % 3k ( References) :

(1] %, & &, #h R, 55 BHRAE R s 2 W I
SFRETHRAIBTFELI]. THEAR, 1988, 9(4) :267-274.

(2] &30, FEReFR. CCD B G AL B oI 3 37 I 7
GERIWTFELT]. JCREBIRRBIA, 2007, 22(1) :41-43.

(3] 5k #, & B, B9, & ETHOUEE TR
Bl =B A 0 7 ke [ 1], R R R AR %
B4R, 2010, 21(1) :150-109.

[4] YUICHI Y, KATSUYUKI M, SHUN-ICHI H,et al. A new
numerical method for asymmetrical abel inversion [ ] ].
IEEE Transactions on Plasma Science, 1981, 9 (1)
18-21.

(TF#% 776 1)



. 776 - L H,

2%

PS5 21 ) ri % P2 Pl L i A8 A 2R AN S B o
500 [T — e

400

300 b+ 4

I/mA

200

0 20 40 60 80 100 120 140

t/ms

(SRR AR E LN e A AR

R 53 BT R A R T O R ESF T i, AR A9F 5 1) L 1
2 Pl P e T AR I R, 2 B i E) 5. 20 'V
I, AW B RR SRR A o PG, AT L 18]S 73
H PTG IR Pl r A Y B AR O TS P, a bR
71 FLTG TR RS AT I i, RS 22 1. 6 ms IR [8], Bt
HLLZI 0 200 mA, b AR AR LR, — T I L i
ARSE E T, ERER L Z AT EE /DN 33X R D e e 9 i
S E TR A SE AR A%, 5058 1A e R H ol L AT
BUNRRERAREE FIF; 25 58 4 R B, fL it st
FON TR, Xt b Berp E] B A A Y AT s 2L R
W, PO AR S B8 — LA A, JIr DASR i R 3 7R R 3R 3
NRFOTG T, ERI AR IR . o At R
5 P A, FR AR I HRL e 2 2 DD, {HL R AN E 5 L
SR IR 1 PR R S A E R W A — 2 A RE R

5 ZERiE
ARWESE B T RS UL HR A 1 25 T B ) 2
S5, %0 FhL R R L Pl S VAT TR A

otz , L CPLD 7 Jday th 4k, it 1 AR AL
F IR IR HL o AN EAE R Bl ] % S BOR 4 /N

BEL, AGIN v i PRI Bl L0 . SAMLAs A7 I Gl 2 T
T35 A R i 1, A 28] Fi a2 A s

IR A R A, L R AR P U £ A D0 5 S BR
FAAT, B AEPEREOE R, i TR TF e AR PR 4 ) 9K sl
S B S BRI G IL L R R 1) DR T AT, 2R oL 6
FFEHHLAGRE R 20K

ASBIF S e a4 ] A T TR A, AR TR
e FIACE L TR M D PR B, B AR 1 ABILS | i AR RE A
i, A WAL E AR B PR THE IS %

2 % 3Lk ( References) :

X

(1] ghaete, FMEHA. T SUNLE M P2 ] v i 1R 1 RE X S Fr)
WL ] Biggi 4R ,2010,38(12) :57-59.

(2] R AR, Ak, A5 R T G R K L R
BT T]. 154 To7%,2005,27(5) :546-549.

[3] VAUGHAN N D, GAMBLE J B. Modelling and simulation
of a proportional solenoid valve[ J]. American Society of
Mechanical Engineers, 2002 (25) :30-34.

(4] mhitfh, £ W, 2% i R R sl 7 ) SR Y 4
FELI]. B, 2011(7) 1 18-20.

[S] 5KMEZS 5RAAHT, 20117, 45 JE T 5 R-PLFT CPLD A4 &
GBI ] BRSO ,2007,17(7) :4508-4511.

(6] ™3, Akt By AWUR B S M. 2 . JEbat:
24 kL, 2006.

[7] SMITH M J S. On the circuit analysis of the Schmitt trigger
[J]. IEEE Journal of Solid-State Circuits,1988,23(1):
292-294.

(8] WhsehE, Rk /&, RGN, BRRZS i & 4% i 4 4 S HOT G
PR )]. g S R F 4R ,2005,10(6) .85-87.

[9] HARIRAK A, SANGWONGWANICH S. A novel source —
current detection type active filter equivalent to load — cur-
rent detection type[ J]. IEEE Industry Application, 2005
(2).:1205-1212.

[10] % {5 3T STCSOCSSRD + ) i i I Ko U 32 55 8 3
[D]. BB RPHORHE B R E 5 TR, 2010.

[ 4mig .5k A

(L35 753 )

(5] 5k ok, Warte, R, % BRS/NRGT BRIl
FHEFAE[ ], TR, 2009, 30(11) 11435-1439.

[6] GAO Yi-qing, YU Qiu-xiang, JJANG Wen-bo , et al. Re-
construction of three-dimensional arc-plasma temperature
fields by orthographic and double-wave spectral tomography
[J]. Optics & Laser Technology, 2010, 42.61-69.

(7] 2568 SF R T AINEIGR AR SR E AL W[ D). Kk
RIEBE TR MU TR, 2007.

[8] SUN Jing, XU Wen-ji, WANG Chun-yan. Characteristic a-
nalysis of plasma arc adjusted by a magnetic field [ J]. Ap-
plied Mechanics and Materials, 2011 ,44-47.1812-1816.

(9] skANH:, BRRAE. TR CCD ROLEREGREERRIELT].
FeT 4R, 2000, 21(4) :361-363.

[10]  Z=DU, skifooe, ¥ SR, %8 BET I CCD [EER A
BEMETFELT]. AELF 7R, 2003, 24(6) :654-655.

[11] 3 AR, PR, £ 3G BT AR BRI AL A 4l o) 57 A
ALSEIN & 7 Wt 5E [T ] HLH A2 ,2010,27 (11) :17-20.

[12] ZHOU Xue-li, WAN Wang-gen, ZHOU Zheng-hua, et al.
A novel interpolation algorithm for 3D reconstruction of
medical images [ J]. IEEE Audio Language and Image
Processing( ICALIP) ,2010(23-25) .797-801.

[ 4785 : % ) [H |



