BEEARER 2013 48 5523 % 455 H.:443 ~ 449

doi:10. 3772/j. issn. 1002-0470.2013. 05. 001

ETERGSHNSRESAGTEERARRC

BIEQ F /O
(hHEXBA¥EFHEETRER K 100044)

i B AMAASRESAGH EEN S RLSEN T UEA WA, R T — M4
TEHRERWEAN S RESAG T ERE, REERAETRALGRWEGE R, T
BHBEMERGBELEMNERBETER, AERE RAFENLYE R, BREX
(Hough) X% B S RBEABA R LT NI S RESARTHEL. ETRALEER
WERERE, FFEAERATRANTAOE, AR RENMBEEREY, HRERK
BB ERERTEMERANLSAGTEETRE S RLSAMT AR K3t E

ERARE O A

Rl EREE, Bke Rk, RIERL, X854

0 3 &

SRR LR T B HEAE B
i o B UL, BFST S A4 i B S BT g S
FIEAER, RIBESE BRENER ., SHK
EBAEREESMAAE R M, B R
MR AT B AN AT AR A AR £ R A R
BHAaY . ZHERNESTNESERERIES
BILHERBIE G &, SRS N Y T E A
KA HEMT — S SHrma, EER
5B K B8 A AR (image synthesis) (IBFFE AR E ,
B EMASARMRTZ, AR ERE RS RHMES
BERHESESRRNOMRBARL I, RFFINR, QIFH
PR ERE RS RHERIEHE AR, BRE
BE B FEERERWEWE, T oL ERLREEH
ER N, AT LI FHME BEEH, A% E
BEBHTRBMESANMAT, BET —FHETHE
BE BB SIS ARG TTER . BB AER
BECHE EBIAT BESHANETERESBHNE
BRECHET I, AR E GG TR B R TR
R, HAES TR I o3 R R AT, Rl
it b, RASERFE B E AR It
QU357 1 3 38 5 Hough 28 #"*7 K I L 4R SR B L 4%

@ 863 3%1(2010AA8015210P) ¥ BT H

B BT R ARA AR B AE AR, H P ARME R AR &
BB S SR AERTR, BIEBA @A,

1 ERE SR

EEZMERGET, M THENE HRAE A
BIRZFHRR W, E8 T LR BIER —5
ZIZRBUY IR —Rk R A B R AR MR, 8 T8 fR
ESEPE— I RESHNESHREM TR,
FESEERFHBIE R #TE R AXBE
FAEME 1 iR, BERERE—HLBERNT
1B, B RNBEEESZ, HE BB, TEAHEAR
HEMEBRRBAPIRS . K RAENHEAREGRE
#e, BBRIEHERN T E TR HEEEMMLL
Biko
1.1 RERE

R IRE SR EE R B R WILHES L,
XU MARERS 37 07 B PR (E 3 R B A SR A
ARk AR (partial volume, PV) ¥E{HA I, PV i
(ERR— L IS X PR B R AR BT R AT
M RREEAR, EF AR EIERX EREER
%, BOME PV Z2EB R ARITHE R 2 #
AR BEAH o

® 15,1963 4, L, ISR FIAT 07 10 UFHUR, RGER S A B, BT AL, BHREEAR , T4E R E-mail: wkyang@ bjtu. edu. cn

® &4 ,E-mail; 10120088@ bjtu. edu. cn
(i H 35 :2011-07-01)

— 443 —

PDF SCfHA#i ] “"pdfFactory Pro" i A6 www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

ROORE 2013455 A 5523 % S5 8

mASEES

o s, HEE
gage | RaE
?'JEE — ':Lﬂ]“ﬂ_ﬁ ]
= HEAA Y

El 2tk
B
AR R | ERENE
I I
¥
sdg |
L 4
HoughG2 B R 4 |
b 4
tEsn |
b 4
WEELEDS |
¥
USRI

1 FXEEREE

PV S B 2 R B T, ()
R AR R M — TR BUR, H 4 M EBIERER
BAFNA nyny s ny, BUE w, sw, ws 0, 5B
ERIZE EAmERESNKFERMETER
dx,dy FIRR N

w, = (1 —dx) x (1 =dy)

w, = dx x (1 =dy)

(1)
wy = dx x dy
w, = (1 —dx) xdy
BN o

PV ik B T — KB EZR , FEFE RN
BREIEH, BEENE BEXRENKEEN
E MR B BIB A B B 5 Z M & MR R
EBRAEETEEENSHER—NNE 1 BN
R0, DA T A5 3] B WLk 146 1B 5 A o i 4 E A 2R
BEFFHRAER,

e 1-dy
H L RU
e - Wy
. -
Todx)
1-de Wz L
A 9

2 PVHEEZETEHE

— 444 —

1.2 BriER Powel {R4E 8

HRIE &5 REMAEE EX EHEHST
R{EKELR (MEFREE ) IRBMEEERE (N
Brent §k , Powell 3558 ) , BiOCHR ST HIfEE TRA
H {5 B R o R R F B A9 Powell BEEHEFT
RALBETUARES REEERNHR.

Powell B " RiCEHESESRET R
L EBIERE - + 1K (0 A ERBERSENEO
— MR, EEEMELERE, §hi#iT—
HEE, X n WHHRERME A 2, HERKKITED
HE n A TR ERERE RS o B
EW oz 5 BRI AMAS « HEHT 1 R—ER
% . BERR AR S ARG E, e
WEFE, #TFH—RHERITE, Povell BES
SHETREERS , &5 — I8 n n &, 3T
Jri BT RS EMRE S . XFERER o NME
R MEHETR, BIRNE, AZEBEMERLT,
FA Powell F35 IR 6B R 17 b R AUESE R 7 [l Y
LUETR, ASCHHERT —FBHER Powell Hik,

LAY Powell B3k 52 Powell 535 9 R
BEAMF, X HEFELRT mHRNAR, HEAx
¥ Powell Bk, BREREBLSTF AR HBER
J7 1) R TR R B 8 R O 1) 5 T 8L Y Powell B35,
RS R T M S EE TR MRS, L85
BRI mMEHETXN, BB RIEESRER P —BEK
J7 i A S RATHI RO A, B X e 0y ) Rk T
KK, T ELREE ARG , 38 R 7 ) (Y AL BE
iR, SO Powell B3k W] LAR HR5E L4k, B
SR ARVFRZE R DA LR, AT RLE
A 5E R PV AR ES R AR /ME R
1.3 /MNEZBRBEHEE

BRGRARA/MEERMAEE", TEHR
DL Z 2 R SR 5 6 B H R i S

EUR 5 — 2 an & 3 Btz , BRI R 1] o
Heh,edflcA, ARBFB REEHREE

e
- - H, |—-| 1+z|—>| e
':-I i
— r, P 2] o |
I H, |—>| 1}?|—>| c'Df'l

3 EfB-SMNESRRER

PDF CH#H] "pdfFactory Pro" ik Hfi A6 ww.fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

VB % AT REGA RS MER MM EERMR

i+ 1 ERRRER; oDy, oD FeD) MR
i+ 1 REEFRT R f 2 B i 6 4
5. H, T L, 4 932 A 8 el AR 08 0 58
2 | 1FRBlE, SRR E R B | 2 BT
fike , R B8 AT BT .

MFLEN_HEER R R, /MBI
ERRA , B AL AL RN

S| 1: 500 R, Fl R, #ATER AL, 52
ERE T B UL AL BESRAE TAE , A IR (R 2 ]
HITGERTREE 25 5, SR 5 Tk MR 4 8 F VRN B X T
A KRR

SW2: % R, F R, H4T N B/NELME , 2
RKAF:

[R1 =R + Z :v=1wi(R1)

R, = Ry + Zivzlwi(Rz)
Hr w;(R,) Mw,(R,) (i =1,2,--,N) %ﬂ#_\‘lﬂ #
R, TE55 i BT /N REL Ry 1 Ryny 3 R,
R, 755 N B 2 LR B
SR 3 A E AR HEN, /N R OHAT
R A AR, Ho f, A0, AHIRIARE ST
{Fw(k, D) = ARy (b, DRywy (k, 1))
w;(F) = f(w;(R), w;(R,))
i=1,2,---,N (3)
FE]A:FH w,(F) F1Fy #HAT/NEHER,
IELHREERER,

2 HEWRBLESHAMEITHE

EdRBYRELUHER—-RAINER, B
fIEET KEMNER, B SRS R 32
W VRBIFIEA Bir. M EERRFH#TERE—RE
FHESHERE ST EER, ASCRE T —H
YUk RS A TR, Ho ] Hough 28t
Rl B SREUE 238 R M 7 8 A ShiRBURFIE & o
2.1 HESAEXEEN

SCER (7 ] A FRAE 5 2 il a3 R B, AR SO
BAGHEE, 2Eid Hough 88 %07 ik 5 3i14R
BUHES 8, L F IR ERHE £, IR E
M RARBGE BRI T

FRAE S E AN 4 BiR A S B S TR
Wi, SFRF X 8l C S F M BTG E ST
S#RIE FJ;A,B,C =S 7ER—FE L,

(2)

A

4 FHEREX

FHIE R R E (S A S) -

(1) 3853 Hough ZRBRUAR I H B LR Bt KK
PIZHEZ MN 2 OP I HA AT ;

(2)RXPIAFRELI LK C6 WELTTE, I
UK Hh RS PISRE LR €M, .C,0, 5HHhLk C6
ﬁ%ﬂ*ﬁféﬂ: C,.C,, SRHZ} (N8 Wj)ﬁﬁ%%qﬁ'b,ﬁ
C H45;

(3)BREZ& B O M, 5HHhE C6 IR T— R,
4% Hough AR # JE3H , FoAT 19U 245 B 7= 3 XUIE 4
HEBRNGRERBREXT—K, AN E
LR E SR

(4) 853 Hough ZRHARYAEI Hi 0° A H LR BtiR
RAPIZ& EL AA' B BB, S0 EL BRI PIZ
B AA" B BB, fRICR T AA" I AA" B A 1Y
MeAR{HE, BB' # BB" KX R B HIAAAR{E . ZEICALTH
MR 4 LS E A LA 3R B
Ko B ABFRKBIRATEH D AR,

5 B

o0 | | P
S
C G = ' E G
\ua'
i I I I ¥
L

5 Hough THREBHE RE L TEE

2.2 ZHEREEEE

FRIE S BRI HIE, 25 8 = S o s ik
B =HRE , ASCRAH = AMRIE S ST B,
HEgeg iR n T g, BaiEgEke
B = ARE R BB ARYINEE SR iR, iR
BB EERR K, W = SN R — P, S
PRRABEVLITR, E 6 B

B S8 S 3BT BB A 4 FLIBREL, AR
# Ky

vu = E[RI| t|1M (4)

WEEFH AR v, ERERRT BB

— 445 —

PDF CH#H] "pdfFactory Pro" ik Hfi A6 ww.fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

ROORE 2013455 A 5523 % S5 8

HESAERKu = [s m 1]", BEVEESE L =

diag(f, f, 1), VBN = [1, ¢, t.], FFR=4E

BBIRAM =[x y 2 117 TEREIRR T Z4E0EH
R R, ETHE 4, HE KT .

singsinfsing + cosfcosg singpcosd

R = |:sin¢sin0005¢7 — cosfsing  cospcosd

sinfcosg

- sing

(5)

cosfsingsing — sinfcose
cosfsingcosp + sinOSingo]

cosdcosd

E6 5 0,0,0 i kFIEIT R 0,0, FIEFH™

¥

\k:e SRR
(8%

~ wzl,

\Q,‘/gg_ﬁ?

T ™

-~

0
~
\'l.

N
6 LIRFMEFRAEX

2.3 HIHEEH
BERIEEARE ¢, (THR 1,2 RESD
FRERRNARES) BN, KRR B#E
R RIBIE b, ,,0,,0, FEH. ZEE 6 f
MIRRIENT,A,B,C =R N=FRIRRRN:
A(0,y,,2,),B(0, = 34,24),C(%¢,0,2) ,E(xg,0,
z5) o TR D KW AB H 3, 85 D(0,0,2,) o BER
BLTE-FTIZ SR 515 2 P i B 4R P B R A 23 B e
XA (o) s (ups20) 5 (up,vp), (um,vp),
(e ,v0) > (Uarva) s (e Ve ), (Up,vm), (up,
vt ) (U, 0py ), BT FIHABDD S AEILE Y 41 E 7
DhB e AR T T, TR (4) FR(S)
CIFEH
u, = y,(f/s)sinpcosd + (f/s)t,
+ Z,(f/s) (cosfsingsing — sinfcosg)
v, = y4(f/s) cospcosd + (f/s)t,
+ Z,(f/s) (cosfsingcosp + sinfsing)
up = —v,(f/s)sinpcosd + (f/s)t,
+ Z,(f/s) (cosfsingsing — sinfcose)
vy = — y,(f/s)cospcosd + (f/s)t,
— 446 —

+ Z,(f/s) (cosBsingcosp + sinfsing)
ue = xc(f/s) (singsinfcosp — cos@sing
+ Z,(f/s) (cosfsingcosp + sinfsing)
s (o),
= % (f/s) (singsinfcosp — cosfsing
+ Z,(f/s) (cosBsingcosp + sinfsing)
+ (f/s)t,
up = x5(f/s) (singsin@sing + cosfcosp
+ Z,(f/s) (cosfsingsing — sinfcose)
s (o),
vy = x5(f/s) (singsinfcosp — cosfsing
+ Z,(f/s) (cosBsingcosp + sinfsing)

v

[+

+ {fsht,
HET EAMLHERL:

M= (ug —uy )/ oy —vy ),

= "-:II'B'-J - u‘.-zz] A Ve — Ty I,

':'yr:l - I"mj*’([u'-ﬂ - uu;}:

(og — p 3/ (e —Um ),
= {ug —uy ) (ug —2al,
= (ug —up )/ (ug —up),
(ve = vp )/ (ugy = up),
(v = vp) /(U =~ up, ),
W o= (ug — up )/ (g —up) (7)
AT EHEBE,E X a = cospy, b = sing,, ¢ =

cosg, ,d = sing,, e = cosf,, f = sind,, g = cosh,,

N Qo

h =sind,, i = cosd,, j = sind,, £ = cosd,, [ =
sing, .

B BRI o0, T HEEHERRE
BEH ¢, 5, AT LUMREE B A EE S 0,16,
¢, WME, ASCRAI“RMWBEE"REIE ¢, FBE &
BITEIRE, 6.6, .¢, WEBELIRE, AT LKA
i, BUBIRGE ¢, WIRZEH, IR ¢, $HEART
FRIREEX—EEN, RNART ¢, WE, B
WEEWT

(1) B MN HRIIKXFTHE o M @y: ¢ =
arctan(M) , ¢, = arctan(N),

(2) BE ¢ IBIIREN dio, 1 L HIFRKATT

186, = arctan(2210y 4 0 sk 0, =
arctan<jf_+ojd>, P HEERTE ¢ =

arccos( %) o
pd

PDF CH#H] "pdfFactory Pro" ik Hfi A6 ww.fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

VB % AT REGA RS MER MM EERMR

(3) H Q IS o B % R E bu =

arcsin(Q(jhd tge) - eay
7 o

(4) ﬁ‘%ﬁ%é‘ = (d’n _¢10)2, ﬁﬁﬁ&%%
REWENN, ¢ = ¢, HRILIHTE L 6,.6,.¢,
E‘J{E,ﬁﬂﬂ b0 = du, RME(2),

(5) BHESMHHTZE 01 v02d1.$2-0,.0:0

FEZE (8] H i = B B T, A [R] BT S A A
A A T LU= A A R R S R . RATTE S B e
= RO T RS TS A AR, AR LT 2
HER . AT i, ZE=Z/AFESHEE R
/N TRMELTT T HE S BVR % A AN L 7T LAZE 4R

SRR SR, 4 H = ——, e

B 7 FimBAAR RS H > 0, 1 W IR AT
_ elb —fa - W(gid - he)

H = W(ihd + gc) — (Ifb + ea) (8)
:H(lfa—eb) + ela +fb (9)
H(lfb +ea) +elb - fa
T = H(jbec — gd) + gic + hd

" H(jhd + ge) + gid - he

S

(10)

7 ESAZHFTANAIRELREE

2 EEER [EXE=Ek

_——

i RRCHERPCARE G E & (e) FEGER e EE

BEATRELTWT

(1) el EERYHRER E MARIREITE
S.T.W f1E,

) ¥ ttd,, £y, £0,, £0,, t¢,, o]
# 16 FASHRAR () 1,158 H WE, FFMEH
< O FH BT,

(3) RTHAEEIR(9) K (10)HEH S,
T,

(4) HHEBIW ST 5LT)BRM S.T
HER, R/ MR E WA S TUE R ES M.

(5) WA MESSERBIE: Ad =
b, -, A0 =0, -0, Ap = ¢, — @15

3 B ERERMN

AR SR TR KB B R BT
EMERRE T, Ed MATLAB i ESCBL T BB
A B, B S R LI 8, i 3Dmax 7= A4 S SRAY
— PR, 5T RAR AR SRS A, R
S —FHETS , N — RS PR IR E R, o —
BERSEER(E S (a) ), H—RENFIHE
BONE 8(b} ).

ey 4 P A L RCR B SRECAE S R AR
e RS £ A B R Ll 5 5 AR ST R B i R
Ha e E A5 R E M 4T (PCA) B &7
BT ARBE S, WREYCRRE, LA 8
T (d) A (E) (B (e) F(g) ) AT, RHA BRI HES

E3 S EFDEETHETEE

NEESPCARS FE (g EIE S <k E R

8 BEBREMER

— 447 —

PDF CH#H] "pdfFactory Pro" ik Hfi A6 ww.fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

ROORE 2013455 A 5523 % S5 8

B ER AR A EREEEEWNE L, fE8 H
() Fi(g) XFHEAT I, SR F/NBE AR 0 07 TR A B EEL AR
B B L PCA J7v5 & BURY MG S T AT M o

B, 72 0 R RS A A T R AT E R
BCAEAUNE R A TR A A N A R ER
(E8(g)) , HMAHHRESEEBR(E 8(a))
MFSNEMR (E 8(b) ) fEHHMBCR, #AT T X,
H7E Hough Z8# Fp i I T Roberts 7, B9 £=
i R £33 Hough 28 Bl ELER R SCR B, A
ALUEH, ARER S EEGEEFIERNE
KRMEREMES,

ZAE R Hough TR

P (Pixcl)

8 (rad)

1 {Pixel)

-GG @0 200 0 2 40 & 30
A (rad}

EBEFEE Fough £

P (Pixcl)

9 SEER.EIEENAHERET Hough
THENELRHBRE

HRIE E LA A S5 RIBBURE R 4845, 7T
BRI ESAIT . K1 2S5 AESMhTF
M—2HE5 R, 7E 3Dmax AL R AL B KBS
MRS, Ad. A6, A 535K 8°.6°H -5°, 1S
& EER RS E B T 55 RAER B T 438 1°, T
o AR SO BB BB B S5 R B Y BB 7E0. 5°
PN AT RE TR+ S BRI 3
SR AT B, AT AP M A T R A
XEEZS, HF B A TR ZEALE 1° LAY, AR i
H B BB BT YR AU S S A A TR A T
R MRIRZE /N, FE 0. 5° AN R ER R T 1
8, SRR B R TN . X2RN, B
A BT LA 5 R P R B AR AR 40T, 4R
A DA IE E A B B2 o il T AR A — B AiR 2,
Ao A SRR AR AR i B A A S ARG G , 2 TG 5450 9
GER ML PR o

— 448 —

F1 SWEATHMITIBRER

BE5A AG(°)  AB(°)  Ae(°)
BRI LR 8 6 -5
HZZEGRMITER 8.9 5.02 -4.31
HBsERMEITER  8.79 5.17 -4.08
HemBEGRMITER  8.33 5.89 -4.72

4 i

RIIEL A BEAE G BRSO MES
AR R b RS T M ETEARE RN
BN MBS AMITERE ., SUERERATE4
FIEAERIES ACEX, BB A SRS RE
AE S CRBUS A G T R SR R ER
FEBE A, EHRECEFRM PY H{EHASHEL
Powell BT, AT LR i ph 3 58 IR G AT L 55
AP ETRESE SN ERHT SR, ERENE
MydERR. 5 MU B R H Hough 5 #r B SR EL
BEEIRAE & et , B o e R B R AT
. MR I R RS E RN E B E
BATERHERE T 155, FREENGTHREN 1°
FANED. 50,

SEIE

[ 1] Dm%,mdk, ZEK. SRERDRERES R
4. ®ATHh=,2009,2 :55-60

[ 2] xi. KRS = m S ESA. tat: B Tk
H AR ,2006. 2:3045

[ 3] Randal W B, Timothy W M. Coordinated target assign-
ment and intercept for unmanned air vehicles. In; Pro-
ceedings of the 2002 IEEE International Conference on
Robotics and Automation, Washington, USA, 2002, 18
(6). 911922

[ 4] Bauso D, Giarre L, Pesenti R. Multiple UAV cooperative
path planning via neuro-dynamic programming. In; Pro-
ceedings of the 43rd IEEE Conference on Decision and
Control, Atlantls, Paradlse Island, Bahamas, 2004.
1087-1092

[ 5] ABLAW, HFHE, EWIEE. RITRESER kR,
AR T PR ,2006,2(53) 7-13

[ 6] Yamamura Y, Kim H, Yamamoto A. A method for image
registration by maximization of mutual information. In.
Proceedings of the SICE-ICASE International Joint Con-
ference 2006 Oct. Bexco, Busan, Korea, 2006. 18-21

[ 7] Alter T D. 3-D pose from 3 points using weak-perspec-

tive. IEEE Transactions on Pattern Analysis and Machine

PDF CH#H] "pdfFactory Pro" ik Hfi A6 ww.fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

VB % AT REGA RS MER MM EERMR

Intelligence, 1994, 8 (16) :802-808 [12] Matthews I, Xiao J, Baker S. 2D. VS. 3D deformable
[ 8] BEEBE. BBREIHER AR K MATLAB 42528, bt face models: representational power, construction and re-
B Tolk Y Rkt , 2009.5:79-89 al-time fitting. International Journal of Computer Vision,
[ 9] B, 5KIFR. BIFHEEMN Powell BRE5A L0 PR 2007, 75(1) :93-113
ZHEEECAE. LT - #06,2006,17(6) :755-758 [13] BRE.BKF. HHX. SHERESANEITEY
[10] k. ET/PENERZEGRRSREM. [ 1813 IEBFSE. ANAHMUFR IR ,2006,27(6) :1211-1212
fig3c]. B ERRBERFZFEFFEESHESTR [14] Zetk e, M. B5AWRPE. BTFiit T
5% B shiEH1 % ,2008 #£,2009,17(1) :12-13
[11] Penney G P, Weese J, Little ] A, et al. A comparison of [15] Mao Y X, Suen C Y, Sun C X, et al. Pose estimation
similarity measures for use in 2-D-3-D medical imaging. based on two images from different views. In: Proceed-
IEEE transactions on medical imaging, 1998, 17(4). ings of the IEEE Workshop on Applications of Computer
586-595 Vision, Washington, DC, USA, 2007. 9-15

Research on an algorithm for missile attitude angle
estimation based on image synthesis

Yang Wenkao, Guo Jing
(Electronics & Information Engineering of Beijing Jiaotong University, Beijing 100044 )
Abstract

The technique of image synthesis was applied to this study to achieve the accurate estimation of missile attitude
angles, and an improved attitude angle estimation algorithm based on image synthesis was proposed. The improved
ettimation algorithm performs the image registration based on the largest mutual information, and selects the wavelet
transform fusion algorithm to finish the image synthesis. And on this basis, the model feature points coordinates can
be automatically extracted through the Hough transform algorithm to estimate the attitude angles of missiles by using
the theory of weak perspective projection. The image registration method based on the largest mutual information
does not require complex image pre-proccessing, but has the performance of enhancing the image synthesis. The
simulation results show that the algorithm proposed can increase the accuracy of missile attitude angle estimation
and it has the good versatility.

Key words: image registration, image synthesis, feature points, attitude angle
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