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A Measuring Method for Position and Attitude Parameters of
Certain Guided Projectile Based on Monocular Vision Model

XIAO Mingjie, CHEN Dong. LI Jun, NING Quanli, SHAO Xiantao
(Informational Ammunition Research and Developing Center, Artillery Academy of PLA, Hefei 230031,China)

Abstract: In order to support the precise terminal trajectory control of a certain guided projectile effectively, a new meas-
uring method for position and attitude parameters was presented. The method is based on the flight trajectory character-
istics, the computer monocular vision, computational photogrammetric and quaternion. The method was proposed by
analyzing the target area image sequence collected by projectile-borne camera and four non-coplanar reference points
whose space coordinates had been known were used. The spatial position and attitude parameter computation of projec-
tiles was divided into two steps via transitional reference frame. The solution was validated by mathematical simulation
results which show that the relative measuring error is constringing when the relative distance from projectile to target
area is reducing. The new method presented in this paper can be used for measuring the position and attitude parameters
of projectiles accurately, laying the foundation for trajectory control modeling.

Keywords: guided projectile; monocular vision; quaternion; relative position; relative attitude

[3—4] s
[1—2] . [2]
, 1
6 1.1
. 1 .
o D O XeYeZyp,
’ o()F
, »Or Xy
* :2008—10—23

(1983—), s ,



ol

« 261 -

) ;O Yr Or, S.0r 1 S,S:S;,
O:Xr ;Op Zx 1 .
. ) F . S;(i=1,2,3,4) F
2) . (U, V) St =1 Xei Yo Znl'(i=1,2,3.4),
b, T S =1[a 0 0]".8y =
(6 0 0]".8;, =[0 0 c]J".Sy =1[0 d
; (XL,Y) mm 0]", 4 .
.0 a =— SpOr =— Sp Sk » cos L Sgs Sk Sk (1)
b= 0:Sg; = Sg1Spy — SpOr = Sgi S +a (2)
¢ = 0rSp; = /Se Sk — SnOF = /Sk Sk — @
e (€))
“ d=0:Se, = Yo, —Yp = Yo, — Y, = Yy, — Yo,
H T AR AR B o
S#1Sk2 «Se1Ses Spz Ses
H b AR »¢08 £ Sps Sp1 S °
Z,
1 2
3) OcXcYeZe O
,Oc Xc , 2.1
» iO0cYe O0X,Y,Z, b,0X,Y,Z,
’ 1O Ze n, b n C
OcZ¢ OcYe i
O.U 0,V . c . . N
1.2 (5] 2 o
= 0-X,V.2 Rt PR i P
4 2
Or X1YrZr, T . ’ 3 Q
, 3 ,
S1S:S://O0e Xe Zp »S;0r | S,S,
cos ¢cos @ — sin ysin ¢ — cos ycos ¢sin ¢ — cos ysin ¢+ sin ycos ¢sin ¢
C = sin 0 cos ycos 0 — sin ycos 0 (5)
sin ¢cos 0 sin ycos ¢ — cos ysin ¢sin ( cos ycos ¢+ sin ysin ¢sin 0
T, T, Ty ¢ +q — ¢ — ¢ 2(q19: — qoqs) 2(q1q; +qog2)
C = Ty Tn Ty = 2(q1q> + qogs) @ —qt+¢—¢ 2(q2q5 — qoq1) (6)
Ty Ty Ts 2(qgs —q0q)  2(qqs Foq) @ —qi — g+ g
. 6 Ty = sin 0, Ty /T =—tan y, Ty /T = tan ¢,
¢ = arctan(Ty, /Ty) = arctan(2(qi1qs — qoq2) /(g5 +qi — ¢ — ¢3))
y = arctan(— T,/ T3, ) = arctan(— 2(q,qs — qoq1)/ (¢} — ¢ + ¢ — ) D)
0 = arcsin (T, ) = arcsin (2(q1q: + qoqs))
2.2 C T



+ 262 -

29

S = MSy, +T (8
T=[T, T, T." .
O, C M
T C o
, M T,
8 M' M-+S, =M (S;—T),
» S T n ,Sq C

b ’ M:Cko

G=H'=«H", MM=I, O C

Se=[0 0 o], Oc
T T, =—M"' - T,
T T,
M,
, C F .
F .
T . T
F , F
Sy =M, « Sy, + T, (9)
T, Oy F M, T
F . ,
M, . T,
M, ,
. 9

Se =M, « Sy, + T, =
M, « (M" « S, +T) +T, =
(M, «M") + Se,+M, « (—M" « T)+T, =
(M, *M") « Se;+ (—M, - M" - T+T,)

(10)
C F
St =M, « S+ T; (1D)
M, =M, - M" (12)
T, =—M, -M" «- T+T, (13)
.F n ,C b
M, = Gy, (O, A2
C F F

2.3

(1,

T‘,X,‘:fZi(‘,s TJY,':fYIC (1:1,29394)

a4
X Y
dX.dY,
_ X
U= deLUO
v (15
V = @+V0
f/dX 0 U,
M, = | 0 f/dY V, (16)
0 0 1
M, S
8, (6).
14, A ,

9o ~q1 9293

U')iU
Qi1qs +qogs = m . dT}( T, =K, T,

U A e
192 = qogs 2% — 24 7

[)(Vq 7V1) 7a(V3 7V2) .

T, =K, T,

Qq T q2q5 = 2¢b—a)
dY . T‘{ = K.’i TJ’

2 2 2 , _ bW —U) —alU; —U,)
“—a—¢Tg = 2¢(b—a)

dX

= T, =K,T,
2 2 5, bV, =V —alV, —V,)
@ —qt¢—q = db—a)

de . T‘, - KST.4

bU, —UD —aWU, —U,) |

9293 — qoq1 =

db—a)
de . T, — K, T,
@+ +¢+tag =1
a7
T =T .[)(Vl_Vo)_a(Vg_Vo) . dY (18)

y <

b—a f



ol

+ 263 -

bW, —Up —aWU, —U) _dX

4 (g5 +q) = [20¢7 — gD +

T. =T, —
b a f 4(2(10(]1 )2 ’
19 2 2
(o @ t+q =
(17 , T, :
. \/[I(KJ‘_‘_KS)Z_'_(KgiKG)]Tf (22)
(Ki +4Ki +4K; + 4K +4K; + K T: = 2 (17 4.5
(20) ) 1
g = (K, +K;)T, +
1 , 4
T :«/ 2 9
‘ K; + 4K} +4K] + 4K} + 4K] + K’ o . q-q - (D
21) 1.2 ’
/1 1 1 9 0
qo — *(Kat +K5)T.1+7 [*(K4 +K5) +(K37K6)]T¢'
4 2 4
(24)
K; — K; QOK1+Q1K2 (lelffjoKz
g=—5—tT..qo =—5—73—T..q¢s = —5—73—T.
h 2q, ¢ +qi & ¢ +4q
f/dX. f/dY ., (U, ,V,) , o ,
w;,.vHu=1,2,3,4) ab.c.d 0.2°,
. (16) 0. 6m, 1%;
. (1) ~ b ab.c d ,  200m
0 (18 . a9, 2L, 24 0
M T, T ) (17
T, M", C T, ,
3
YRR, TREHE
’ — 020 = 06 TR s B TR E R
. , < 015 w005 '
5 4
s o -_é 0.00 .-, 02
8-0.05 R
768 X576, #£-0.10 R0
M, , (U, .V,) = (768/2, 02050 100 150 200 %% 50 100 150 200
‘ ‘ HIXHEE 87 /m HUXHEE 57 /m
576/2), f/dX = 800, f/dY = 600, , R AR G
Spo=[—5 0 0J'.Sp = ,, GAmAMREM
e 20 » @
[5 0 0]".85 =[0 0 5]".8x =[0 5 £ 1 -
K 1 =,
0]", [y 60 yI"=[0 23° o]'. 3 % 03 o
&, -0.5 R d
T = [200 :— 1 : 2 -1.0 e eyt
" o H-15 0560 1000 1500 200%_200 500 1000 1500 2000
1 10 oJf  T=1[2000:—10:10 10 0] HIXHHE 87 /m MR BEE 1 /m
T, 3



+ 264 -

29

1%,

,2006.

[3]

[4]

[5]

(6]

[7]

[Jl. . 2007, 27
(1) :138—140.

R Mukundan,K R Ramakrishnan. A quaternion so-
lution to the pose determination problem for ren-

dezvous and docking simulations[ J]. Mathematics

and Computers in Simulation,1995,39(1/2) :143—

153.
[J1. ,2005,26(2):214—
218.
. . [M].
,1987.

[Jl. ,2005,17(3) :31—35.
[Jl.

,2007,28(8) :1017—1020.

4
4
[1]
D
[2] : :
( 256 )
XY .

0 08

1.6 24 32 4.$

x 10~

1.6 24 32 4.0
TIME

(a)

DXL ooy
OO0 OOoOoOO

COOCOOOOOD

0 08 1.6 24 32 4.0

TIME x107 TIME x107
L (o) (b)
x10
0
0.
0_
OF
0
OF
Ok
00f
-1600
0.0 08 1.6 2.4 32 4.0 0.0 08 1.6 2.4 3.2 4.0
TIME x107 TIME x107
(c) (¢)
7Y 8 Z

[1]

[2]

[3]

1D 3 ,
2) , XY
’ Z b
3)
[Jl. ,2007(10) ; 43—45.

[Jl. , 2004, 24

(3): 135—138.

’

[Jl. ,2003, 23(3):

39—42.





