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Research on the Position Algorithm for Smart Munition Imaging Fuze
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Abstract: To measure the relative position between smart munition and vehicle, a location algorithm for
imaging fuze based on target geometrical characteristics which are non-cooperative and inherent is pro-
posed. A space imaging model under the fast rendezvous is established to solve the problem, and then the
axes of vehicle are defined according to the characteristics of vehicle. The plane consisting of optical cen-
ter and feature lines across the axes is set up, the parallel relationship among axes and intersecting lines
is proved, and the direction vectors of three target-coordinate axes are educed. Based on the direction
vectors of target-coordinate axes and the method of undetermined coefficients, a medial plane which in-
cludes vehicle’ s axes is described by expression. According to the distance constraints from 3D point to
plane, the relative position between smart munition and vehicle is resolved by strict derivation. The effect
of relative pose on solving error is analyzed, and the error rules are proved by experiments. The experi-
mental results indicate that the relative error of location is less than 5% when the height of smart munition
is less than 100 m, and the location algorithm could solve the relative position with high precision.

Key words: ordnance science and technology ; imaging fuze ; relative position; non-cooperative feature ;

Wi EHE: 2013-12-18

E£WA: “ TR EEAaEHMIEE H (B2220132013)

YEE BT /N (1989—) , I B -AF58 45, E-mail : henrybit2007@ 163. com;
WS (1966—) , %, Z#% , AT, E-mail; cdrmy@ 263. com



1550 2 X & %K

935 %

direction vector; positioning accuracy

0 3

ff e B ARAE X BE S 2y i 7 B A B R B 5
TAER L N 2T, 2 AE 2 o A A 1 SR A S
PN RR S ML ARECH bR ER AR E 05 B
AW H AR AR SE IS 67, A g
HlBEAE AT SR B 5 8., i H BT R B A0 7 ) M A R
WP TR,

k3 N B L2 NRUAR IR R R, A B 1E R
B AL SE I Ty 2K AR ST R o B i DARIE
FE SRR T BT A S IR X A7 0 £ 1Y
BT 7 kAT N R 3R Y AL T LA 2 3R
PED VAR O R A ST RO H AR S R %
SUZ R AR R XTI O 22 SR UG R 525 B AR Z R Y
AU, 7E LI At & R T R 2D/3D 2R Bext
Nk 2D M B/3D 5 RE ik ARL B O iR A A
BT MR T R A R R, HRR A
VERRAE 22 18] (4 5 4 DU E 1247 3k i — Ko™ | L
AT RE I T B P R T LA RAAE 22 [ Y 24 G
Z (gt SEATIE B BT A ) et e AT
PrE, TR T —FR RRE B A R R
GV SN R S N RN O R VA R UK RN X
B AR LA R A, (0 X BT B AR XTHE
B TR A A PRI T 1) AR X B i, Wilezkow-
fak 2OV L TR ST T AR F ) T s S Rk £k
S 1 5 ZR A SE ARG BRSO B ik, kA
B AR 2, LY AT A R, Sasa 2567 H
T RN ESER A Tk e AR R F
BV 2R AR A A X S R A S LT G 2R
RN NNLR) A [T B, SR (PSRN

B X R R L 24 % b TET 4 08 1 A7 [ A, AR SR
BT —FP R BARAE G AE LT RRIE BRSO FR A R
SUEENL R, AR H PRRE B 5 i 2k i A
A, FEAT R G A5 8] H il 2 45 2R RN 22 8] S
3 LI A R s () o5 v IR 4 LAl 2 5 o o ™ A%
(R S-S BT 56 B ARG R, ARSCIR S K
BERFRRIE LA TR B ) f BT 2, DB 5 A7 T4
% B AT TR Dy R 3£ PN e I i L I A RV
AN A2 0 SR A, EL 7 ) P B i P 45

i

AESE AL H AR AL B A M 5, RAIE T 9 H PRjgi g 2
SRAF R R R AT SRR A SEHIE

1 ZEARGEEFEN A E

TEP 1 BT S B b B B A | T 4
Y FAFR AR TR IR 0,0,0,0,%
AT T AR TR Pl S A PR R
Bl , 6 1) 2R AT JS 7 1] B X BR AR K L, O — 5%
R Ly, , RS ROIE L 6 BRI A
FEEAERAE AT LA RRAE , (H 8 A 4 A1 15 v 42
R, AT AR A A ) J7 1] AL E AR B

Bl (A AR
Fig.1 Space imaging

B b BRI S A [ 3% | ST T A A
FARBRRIRR O wo , WG ZE FAARL O R R u
S MBI I Il A, v B R S 5 1) ) F
EUZABBR R Oxy, AR ZE T8 0 HIF R« y 1551
5w o #PFAT MR AAFR R O,x, 7,2, WG 0, A
SRR w, vy, B APEAT T 2y Bl D05 2, BT AL
GV, Ha 8 E 8 05 BAREARR GXYZ, LI L
RIS T AR R Y SRR W B ARET T, Z

haE E T e R
FEXTOL B T A2 BAR AT TR Re T2y i &, ic
r=(T, T, ,T.), (1)

LT T TS T AR AR R 3 A
B (R T O AE DA B R A



%510 1

R T 2 AR 5 1M % H T A A S o 1 S AT 1551

2 EMEERET
2.1 EBEGPHBERME

2 25 T R R GXY ARG T H R 2%
HLMAZ, 0,0,0,0,/018HM q,9,9,q,- P, P,
PP 5y AR Ly, FIAEN Ly, L 0,0, .0,0Q,.Q,0,F1
Q,Q MR ENG L L, L, L, L, , ENFERE
BRI R BN Ly (papa) o (papy) L (gaqy)
L(g19,) L (qq5) B L, (qyq,). 3032 SR 4R HUR it
IN_TRSUE AR E 1T RG AR R R 1 T AR R
i=1,2,3,4. (2)

l;: ax+by+c =0,

i

0 L P, 0,
g {), u
|
|
|

L, 1 Ly L
|
|

—————— +~ ————— X

P? L02 ] G Pl

| )

) v

|

| .
) ¥
1\

0, L, l P, 0,
Y
(a) GXY - (b) BHR TP

(a) GXY plane

(b) Image plane

B2 GXY AR i
Fig.2  GXY plane and image plane

SRARHLAR BRI EL 3 AR 3 w85 B2 A, Tl ]
PR () I DA T () Bl 4, 7 P 5 e
bRF PR

ayx +byy +¢; =0,

ay, =a. +a

)j J j+2

loj‘: (3)
bo,' =b,' +b,’+2 ,
C=¢ +Chn, J=1,2.

2.2 BREFRRINMHPWBECAEERE
FAGHLEERE £, 1,70 1,53 50 560 0, # 1F
17 IT R IO, EAT IR i A bR R T A

Aixm +Biym + Cizm :09
I, (4)
A, =a;,B; =b,,C =c/f;
Ay, + By, +Cyz, =0,
1, { v (5)
Ay =ay, By =by,Cy =cy/f.

I, IT, 80 I WA A2 5 22 AN 3 (a) FTos, 1,
iﬁ] H} Eg;‘ééﬁﬂ‘j Lm ,H()l ﬂéﬂ H] \H3 E‘Jigﬁé}ﬂ”ﬂg Lml N

L,,. MyEssmEmaKR, L, L, F L, X 3 R
W5 e AT, SO T L, (L, R L, #R
MK 3 R HEAH A,

(o) I, JLFNT, A5G0 b R 58

(a) Overlapping relations of 11, 11 .and 11, at optic center

(b) IT, ILANIL, 55 HAm-F A A 5E
(b} Overlapping relations of I, I, I and target plane

32 m

3 RS R EE

Fig.3 Intersection of planes

Tl FH P 3 (b) T A 1T 3w, I, I, R 115X
3 AN S T 1 A S 2R R KR 1, Mg L, |
Ly ZS[A0H 3 W 25 AT LR AF A6 M 58 - 1T, 58
LREXW R EL VAT, T, Ly, /L, // Ly // L, , Ly,
FEI 55 AR R 28 H Y ) )

B, C, ¢, 4 A, B,
n, = (ryys15t) = ( B, ¢ , c, A , 4, B, ]
(6)
[ EE , R e ity 7 000 2 A s 28 TP A T ) )
B, G, ¢, A, |A, B,
i = (1282,0) = ( B, C, ’ ¢, A ’ A, B, j

(7)
W 2 R p R AR A (v, y,). PR
R E AR Al ) A0S b B AR A 2 e Y —
B, (8) L, AR, FINESUE (ry sy, 1))

B (ry, sy, 1) W3 DICRMIEGE(8) 27,
sgn (s;) =sgn (¥, -7, (8)

sgn (r,) =sgn (x, —x;).

(6) 21 (7) KRR Ty I ) 12 43 il 2 Y BlFD X
A0 e AR R 2R P Y I [ ) ] B, A B SORLRD



1552 2 X & %K

535 %
N Z BRI AR R ZR R A ) D7 1R 6] R A A g = | BuCi=BiCy K
R T 3 1 kR et D e T ) A LA B B -G
1 ATk o S . 15
AR 0 MR T o |GG K ()
2 = .
ny=(rg,rp,rg) = 5 12 2(’2,52,52), VA31+B(2)1+C§1 "oy =ra
VRt th BEAEGEN WL, 5 L BEES Sy W2, 0
1
”yz(rn,ryzyry})=7(r1’3|,t1), w_ 4, — d
s+ 2 sin @ sin 6 (16)
n,=nyxXny=(r,,r,,r,;). % I& T >0 PGS A errXﬂéO,dl'—? dz—‘ﬁﬁ
(9) N E ARt (16) XS TR B H B K

2.3 HBMEXNAIE

HirE.OFE Bbr A bs & 42454 (0,0,0) ,
HRAE AR AR 2R A R B DR G ART JE 0
BRI (x,,y,) T

T
Xﬂ]
xg _fT ’
zm

(10)
T}’m
Ye :ff’
=K
(x,,7.) = ( _ by oy = baCor _Q01€n T Guafor )
£ byrag, =bypay’  ag by —agby,

1 (9) 2, Bl A D i AR bR R T T R
II. r,x, +r,y, +rs2, —K=0.
H bR .OAe bl b, )
rtal, +rpl, +r,T, —K =0. (11)
I Kk =rpx, 415y, +1f BRAL(10) K (11) X,
A

T, =—F (12)

AT, AE A7 B PR SR i [ RS ARy W B K PRSR fi
K 3(b) I, F I J2£8 0 (IEZ(H AN

sin QZJI - (AOerI +BOerZ +COer3 )2. (13)
L& I, 5 1T W34, AN AT T 2, b, B g
ro NEIES 0. 1y #0 B, L 510 0,y,2, A 385
S, 31y #0 B L 510 0 x, 2z, RS, XA
SR AR 2R T Y AR AR 73
KC, KB, )

’
rpBy —1,C 71, C0 =B,

s (o,
(14)

S ( KC, KA, )
: TG A, .

BRI I, IR 4 d, 50500

rpAy =1, G,

it K, A K, ,iﬂ

K, =sgn (k) /(K +K3,)/2; (17)
Firgry, =0,H(16) X HEES 2 —M# K, ,iC
K, =K,,. (18)

]2 AR B L, 51T 1T, (9 35 B ¢ R T 15

| K i K,. KA K {ERR KA
K=sgn (k) /(K +K2)/2, (19)

23] 7 K, BIA] Hy (10) 20RT(12) AORAFAXS 7

B BRI T ARG B2 W B, DRI T 58
DA ST R AT S (RAEREA ) 2 A T g
S2Y 5 b T AR D R AS S kR e, 6 E AR
RS AS ] Z208 | R RE G 57 B A SRS EE 1) 5 i) L
A —E B

3 EFESHEMNESHXRE

FE S R FH AR AR AR 0 340 0 S AR e B T i
QIR 25 FERIN R J5 247 4 AT G
SRR AR R 2 1R 25 1 R R B A X
A, DL EBRARBR AR AR bR R M ER A R =
(a, B, v) FRMINEELR, Kb .o BKH PP,
530 0%y, WM B 2R H PP 5T
0,5,y WISy SRBHTE T 0,x,y, WEES
x,, BRI Al S BERE IR DT AN 4 R B 4 B
e B AR AR RO RS AR R S B D A

y BUBETEFE R - 180° ~ 180°, o il B AYHUAE 5 it
WA, PRIE BT 0, 2 P4l At im 4 e ffr , N
A IR RAE R RE XA EL90° £20°, FLH 2

0, = g + arccos (cos acos B). (20)
Lol FTIBIHG BT ISR AR IR ZEIG K, (2) 7

AR IR ZEHE R (5451 o (] 7 1) 15 22 [ 1) 4



%510 1

R T 2 AR 5 1M % H T A A S o 1 S AT 1553

4 ARbRARZ IR AT eSS A

Fig.4 Relative rotation angle between coordinate systems

AT AT S8,y Rt o A1 B JERIEATF H
B AR5 BRR AR 0 D 22 7E R oy Bl B2
XF(19) AFEMAR/ NN, v] 2205 v XF T, KGR RIR20

TR y B, a BB AN O°RT, FHA AR,
B R T B R AFTE— E BIR 2, o A
e AR B E B NS UG B — e, i T 424
2o A TS Y T 8 I Af BT 90°, o X R K JEE
Y52 /INT B BAZ B8 FE A 52 ), NTTT H AR B 015
SRS BRI R 0 i 2 78 UG b iy B AR Rl B
B E, M E G E, > E,.

F iy B2 AR T AR R KR O
B RN BRI AG 1) EUR A R it 22

Ax, =E,cos y + E,sin vy,

(21)
Ay, =E cos y - E,sin .
H1(10) 20, AT, FAT, MR RRH
AT, = %(ngsz +T, Ax,),
| (22)
AT, = 7(ygAsz +T, Ay,).

(21) A (22) RNFE AT, FIAT, 2 3 e i
SRR T2 B AR IR R v IR AR AL,
HIE LR A5 BE AR RO BE B A sy MR AT,
FUAT, BfiZ |l FIBIAGHE K TTE WK
Feni,y =0°H T'=(0m,0m, T, )

Ay, =y, >x, =Ax,. (23)
(22) A ATECh
T. +AT,
AT, =
24
T. +AT, (24)
AT, = 7 Ay,.

SR, Ay, BT A, 5B | oo 1B ISR A, A

1M AT, F1AT, S 5IBE% Lol F1IB IR R, 45
B(23),a =B#0°Mf AT, <AT, .

4 FESH

1£ CPU 4 Core i5 3. 1 GHz B PC #L - EAT{ EL
S 3B X R 3ds-Max A2 HARFE A R 7 B A3
T EMEGAE MATLAB R2010a ' 445 Bk 56 31F 5 1k 1
AR, IF B0 O B AR 2 A, ARG
6.9mx3.6 m x3.3 m Ay M60 3H 7 Jy il , >R Flf =
102. 083 mm K9 135 AL, 78 T, 250 ~ 100 m {5 2L T
R ERREGR (AR SUR e %) O8R5
filt o T

1) 4Ry (e A A5 3] —{H K%, A Canny 1
R vE N B P SRR E ARFE R

2) I PR A8 S I O B 42 9 il

3) B R EFE s, LA E bR 32 A AR AL Hh
T AR, IF e/ NMIMEUTE G Z

4) AR R TL S SR B 407 B, e il 2k ke
IR A TR O R AT,

5) WAL IR O AR A (2) K~ (9) K
TR HAR AR bR R =00 ) i, SRS AR (13) =8 ~
(19) X2 HE K, 55 B (10) XA (12) U5 T
4.1 FEMIRZENRWIE

Bly=0H T=(0m,0m, 50 m), % EK{EH
KEFRIERT(20) 2, o K1 B ZIHL 0° ~20°, £5BF 503 HL
—WREIR , A AL E IR 2E AT ANIEL 5 R,

K5 RW], L s R HiR 22 A —3 B lal
(1B1) M, AT, (AT, )HEK, H AT, <AT, ;AT
WE Lol R B E3E AT H#T3E K, B XF AT, HYSE M
FIETE N

AR SO HAl 5 RSB A R kAT T E,
PEER G 5 B, 3P IR T AR 2SR e
kG EE RS2 | I R ISRk B B ar i Aa e .
FREMRATRR , 7R A FEEIA
4.2 BREMRENH

KRR 2R BEIL L W bR 22—, i
TR AV 15 22 2 0 IE R 67 BRI R 2550 1) D B

DRI R BEE Wy, T 390, H bR A58
AN, BEARBURZERE R 1T, I, 1K, H bR
AR B 3 BT | A A R T R AR 5 i



1554 £ = % %K 535 %
60
- -4
S0 Top ’
. 4or e
if 30 /,c'"/
<
201 .
o
o 7, .
IP/T I 1
’ e FI6 IR S (R I 50 47 AR
(0)  FIBRI AT, FE RTINS Fig.6 Target image and image corner
() Elfect of @ and f on AT,
iR BRI S ) A FR y 5200 bR SUR B TE R AR
AN AWK 00 o Fl B X H B SR 1Y 52 e 475 5% Ak
. MHTIEZEAT 4 AT SRR B bR IR AR N 5
i Wil ol BB HRARZHELIN , B A5 R T Hlg ]
T AR A A S
% TEEEX PRIEIF 4545 (20) 3, T, =100 m I,
0 5 10 15 20 B 7E 0° ~20°HY BB el N AR 5oHUE, B (20) i1
. BIC) . N .
i OB X g IR IG P
P FTyvAp—— LI (07 Ay 20 IE XS A o (BUIEAR) , SR 5 4 M60
(b) iffect of @ and § on AT, W AT M, M0 H 5/ A siltig 5
140
ey KIS A T i ry AREE BB 5e 8, AT, "l 15
120 S 7T, FIR WIAIZE 1 FFA , AL AR )
g 00 HIXE R BT 2 e 2 R
= F1 T, =100m #9505 M EE
60T Tab. 1  Other five variables for T, =100 m
o 5 10 s 20 AR RS K2 RE3 (k4SS
pl0) a/(°) 0 13.38 17. 41 19.39 20. 00
(c) a FBR] AT, BETERIEAYIE
(c) Ellect of @ and § on AT, B/(°) 20 15 10 5 0
/ 0 0 0 0 0
IS o fil B RPRIRHILERETIRE AT (930 e
. T./m 15.95 15. 68 15. 66 15. 65 15. 64
Fig.5 Effect of @ and B on AT
T,/m 9.70 9.72 9.73 9.73 9.73

FLATBOR, BN LT, =100 m H
T, AT, R FARRUR SR A AR B R
H S5 (B B9 XEFRPE , H AR RS A5 T A A4 Y
BN 6 iR, &l 6 o, M60 HH 58 (1 28 F £ i (M
TRT 7R 7 1) A E R J7 ) MU 5 U P T A A b £
SR, 5 H AT BN (15.65 m, —=9.73 m, 100 m).
R R GE AR 22, 75— 2B e H bR A bR R A
D5 AR B 28 22 [] )RR OGS @ £, BRI R e 2 1 0 284k
SR N )N SN NN TR G SR TN R E N
SPRUBAR AU NBUE AR AR

gl 6 iz, B g 5400 f R AR T

*2 XR1HSUAMLTHNAMNLEFERZ

Tab.2 AT of relative positions in five groups of pose in Tab. 1

m
W frig1 %2 3 fuE4 S
AT, 0.949 0. 867 0.825 0.789  0.738
AT, 0.456  0.409  0.412  0.435 0.417
AT, 4.709  4.621 4.584  4.437 4.360

‘m

FES o7 B fre i H 2 s Bz — AT

THE FAR & AR R T, dik 2 "I, E L
IR ERZE/INT 5% | Al SCBL RS B2 E 07, i 12 0 g



510 4] e

SR AR 5 A5 X M T 0 6 A B IR A

1555

SR AT B e R A5 B TR
5 #ig

BEXTE R B2 RS ME X s T AR SR E
PEFE SR, B T — i R A R B A5 |
RNk . ZSEIT MR T M 2 A A
AER AN S nR s 18] P 22 2% RN 2P 1Y
JUATSGZR ST P 4545 21 A A X R 58 24 114
A8 Al TR RE S 24 15 2 T o3 M T 4 1) £
TENL, D5 TR E AN R EENT 5% . Bk
REA RO 52 B ALAG 5 | A v A JEE 6, ] 1 O T
2%,

AR SCBCT A RE A 3 1k R 3 G R £ S R AR
LR AR R HBOR 22 0] 5 S0 K B B 52 e AN ] 20 W, S
BRG0P AE B PR U N — 2B T 5T 0 AR
Hil,

S % 3Lk ( References)

[1] Robbins F. Fuzes for Air Force unguided and precision guided
weapons, ADA393861[ R].
AFB, 2001.

(2] 4B &8 R, ISR T
et TR AR ,2005.
CUI Zhan-zhong, SONG Shi-he, XU Li-xin. Principle of proximity

FL,US: Air Armament Center, Eglin

JESHURIEBIM]. 553 iR, Jbat:

fuze [M]. 3rd ed. Beijing: Beijing Institute of Technology Press,
2005. (in Chinese)

(3] Tkl RRH, XV T RGBS S s sl M].

JEsC B A, 2002,
YU Qi-feng, LU Hong-wei, LIU Xiao-lin. Precision measurement
and motion measurement based on image [ M ].

Press, 2002. (in Chinese)

Beijing: Science

Grishin V A. Precision estimation of camera position measurement
based on docking maker observation [ J]. Maik Nauka-Interperiod-
ica Publishing, 2010, 20(3) :341 - 348.

T 0, E. BETREELR B sh e i [J].
#,2009,36(1) :41 —46.

JEH T

YU Yong, GUO Lei. Passive location method based on character-
istic lines [ J]. Opto-Electronic Engineering, 2009, 36(1) ;41 —
46. (in Chinese)

Wilezkowiak M, Boyer E, Sturm P. 3D modeling using geometric
constraints; a parallelepiped based approach [ C] //7th European
Conference on Computer Vision 2002, Part IV. Copenhagen, Den-
mark: ECCV, 2002 221 -237.

Sasa S, Gomi H, Ninomiya T, et al. Position and attitude estima-
tion using image processing of runway [ C] //38th AIAA Aerospace
Sciences Meeting and Exhibit. Reno, NV. AIAA, 2000. 10 -
13.

TR, P PR S, DG (5 0 o 3 18] AR A0 £
s s i b2k [ 1], E BRI 274 ,2000,22(2) 115 -
19.

YU Qi-feng, SUN Xiang-yi, CHEN Guo-jun. A new method of
measure the pitching and yaw of the axes symmetry object through
the optical image [J]. Journal of National University of Defense
Technology, 2000, 22(2) .15 -=19. (in Chinese)

SRS BRI [ M. JEET B A, 2008.

ZHANG Guang-jun. Vision measurement [ M ]. Beijing: Science

Press, 2008. (in Chinese)



