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Abstract: A kind of three space target structure based on four linear TDI-CCD (Time Delay and Integration CCD)
cameras is put forward to measure the target-hitting parameters and to obtain the vertical target dispersion for
barrage weapons when multiple projectiles hit the target at the same time. With measurement, two CCD cameras
intersect to form the vertical target I, and the target surface is perpendicular to the scheduled ballistic direction.
Target surface II and III are formed by a CCD camera respectively, and a certain angle between target I and II is
formed in vertical direction, which is the same as that between target I and III in horizontal direction. Combined
with the geometry of three dimensional target surfaces, the imaging time and imaging angle of the flying projectile
on the four linear CCD cameras, the vertical target coordinate and projectile’s flying speed are calculated.
Meanwhile, based on the relationship of imaging position and the constraint of flying velocity among three target
surfaces, the space-time distribute parameters of multiple projectiles are deduced, such as target-hitting sequence,
velocity, nutation angle and the target coordinates. Simulation and experiment show that the matching rate of
multiple targets among three target surfaces reaches to 100%. The test method effectively eliminates the false
target-hitting coordinate when multiple projectiles impact the target simultaneously and calculates precisely

multiple projectile parameters all at once.

%5 B #3: 2015-11-06; &7 H #A: 2016-01-12
B &I E : [H 36l BHIT R £ % Wi H



5513

BTG, 2 7 99 1A e e i o L 2 0 1K 601

Key words: barrage weapon; three CCD space target surface; vertical target dispersion; target-hitting sequence;

multiple target space-time match

nu\4

1 3l

7 2 AR R K A T R AR 7 A e e R v
Fm () E SRR AR, BE A HEAR I D 2R O Y
7 9 AR R RN ST RO ME R R AR AN TE S8, xR
KRG B ORe = E B, B, s E
BN A AR . A ARG T ]
e SRR A DS RS R N A T
fLARAR , A X AR AT BT R, AR R T
A FRAR BURE A TR AL B ZERE AR BR . 24 o LA
W ZN, WA REES SEURN . 75 =R
P WA BUAE 7 AR S BUBOT R, I
Sk HE T VI B 38 A A% A T I (] 22 % 5
ST £, {H RS A2 B SRR X L AT
W, BrrdEae 2, Hp ko s gead mt .,
LA A S OGS | RS FTCCD(Charge Coupled
Device) 7 # . OB HE 3 By OG8RI 5 4 51
ZHAL, BAR A 52 AT L I R Y 3k 40 1% 1 51
B WOG G IR A B TR T IR AR FRTT A7 B AR ZEHY
O RR A, HOCHE To kAR R m, HEOE
BRI A ISR — , KA IR S T 55
MR, ZACHAE — 25 B AL OB B 81 57
L R B U e A A7 IR AR R VAN QUK
S, AL A HL bk O E S R R ] R A S5 AL
HHLARAR o DU ZH A R % HE AR (] s 0] k5 St A A
B B0 RAT BEORE , (H R SOR RE 5 R Ot R IR
B, SINAAER KRR, XA S bR b DL
JE o AR AR R TS OGRS L A AR A
HRRE F AT 5 ) A S ) AR BE 3 SAN SR Sk
[71FE 6109 JE At Lo 7S e hsan o, LAURR D 245 55 3t
AR Y 7 FE AR R, HI R AR TR AR 3
T HARAE AL E 2 LR AL, i —20, X
FR [81R FH L D% W 91 X6 LA a2 S o S o 4R
I B HEAT T B8 4 B A0 ELIAIE R S 2 A
L Jm KR AT TTRE B 22 A oL R B R A A
L, AR CR S R AL CCDALAL & fif
FB3FPEL@A (LT, W B0 I L . 25k
FE 0 D £ 3 % 5 AL ) I 5 R I 1 2% 4R 2D, Bk
XT3 LA L 3 [ B 25 4 A 28 A B R A T

Wi A5 O R R BT EE =, KO B A il 2 A

JIT AT 2k 1) 55 4 DG 158 25 Xt S7 #0094 B W5 I ) AS i
WG o SR T RS BT G R AR i S R RE L W
BEC SR T B S S AR B R AN O TR
FE RIS AL Y BB B[R] 75 5., T CCDAZ 8 AT L) kA5
AL ) 8 B )R RAT SUILAE A BIL B 0 R IR R
PLE o A7 Sy B AR R R R AR A
SR, MRFHOAAL, CCDYEHL S HLAE IR e HEA
B, 91U A~ CCDA7 1 RV AT ¢ A 5 L A 25 I A A
i, MR 2 DR E AR IR A g 58 B,
P] 1t SR FH CCD . HE i e AP A1 A 15 22 o) I 08 145
Wi, Bifi % CCDAHALIR R /- HER Bk ik &, BT RS
AR /N B AR TT X R Y 23 8] R A
[F) Fsf S A5 2 0 PR A A L B ik A R AT 205 s T
JE o AR SCR 4428 4 TDI-CCDAI HLA W = 25 i) 37
HUER TR, Z R SLH T A SR ) Y RAT R BN
W), WCrE A ML B ) 4, R 22 0 i ] g
FULERABL b 0 U A BE 4552 R s AL AT 3 2 o
HEAT 22 B bR 23 DR T, 3R A5 22 300 T © AT 3 1 i
EEASEL

2 BT R AN

2.1 HECCDEEEMBAHLLIRERE

CCDMMLAIL EM IR B, ME 1A, WEHM
LI RN IE 3¢ 45 M R RE S 8 — 5, #LA
BT AT — B A, )&, PAICCD 2 R 800
O N AR AR S ST A AR BR R, CCDFICCD, 2 [H]
IR IE B M1, CCD,. CCD, )%k 3Lk i) 2 ff
Ay,

Y pyetcl
4/ )
y
, =
AN oD, X
2

P 1 XUCCDARBLAS I 3 AL S AL AR s U

Fig. 1 Dual-CCD cameras intersection measuring principle

SIS FE AR R ATHEE AN R U



602 e K TR

5 24 %

_ l-tanw
" tanf +tanow
_l-tanwtan ’ M
Y= tan 6 + tan w
H:y+arctan1%, a):yfarctanl%, 2)
K. OMw A HALIECCD, . CCDARHBL I 1 A% fa
B, fRCERG FE, 4. A5 % R dLTE

CCD, FICCD,H KA1 2 A & B 1w O 1 B
FLE LR S R E S, AIEA T

2.2 ZE (8] ¥R 5 AL 3L EE S EUNHK

22,1 #HiEIASHED I

225 ) = 08 1A X 59 7 A S 0 3 1R 2
CCD, FICCD,AH AL 1Y 8 11 7E 25 Hh 22 08 A I
, L5 TUE BIE a3 T, CCDyAH BIL Y 4R DU 1
ﬁ/fﬁwﬂﬁﬂ, HSHEIER EJrm M Ha,
SRR B R T I e, 0 R S AL RE A B CCDsAH AL
B B AL R R R A DA R A R i . [
B, CCDAHML AR I 1T A 40 1 I, 5 40 i
I K5 1 e fa g LARRTHN T 7K J7 ] K
Xhh, e B 5 S Y, Z%h 5 SRUE SOE D5 1 oE AT
ST AN E 2T R AR AR R

Y A
ST 1T
HETH 1
T 111
V4
A N B
) il
CCD, (CCDs) 7 >Z
2
0
1
1 oy
CCD; (CCD.) :
X

K] 2 44 CCDAH ML = #1157 48 2 A0
Fig. 2 Vertical target parameters testing based on three target
surfaces formed by four CCD cameras

BT T VRN RIS TE , X o AL AT
VAR (LR % A N R LT | WS AT || RS BEE
U, BT AR R 2 L AT R
B LR B R A L K ST T VG AT
B SR o T TET LA B R AL ST R S B0 R A ] 1
By, sALZE S AR AR A N4, B4 5CCD A

CCD ML L 1435 25 5 Xl 14 £ (RS A 2 ) 73 33l
N O Moy, SIS ST T AL AR 53 BTECCDS A AL
R AR AR 0, B B A TR AR AR R CHE
CCDJHMLH’J&%%W%@ZO A ST B S

, RS =W A LTS5 AL, AT LS B 5O
f4/\71‘ﬁ1‘)143521%ﬁﬂ£ﬁﬁ3§%:
cosa = tan 0,
B 0
::26022 ’ 3)
cosf =
tan w

I3 Pk 44 2 9 RH AL ) 20 ok 4 I LAAH [+) it ss
KA KGR AEAT B bRk, MR 5 L AE B A ALY
JAR P A T B SR A U AT AR A 58 L A 34

HL AT ] YR AT R 1]
n)—nj n3—ng
h=—fp b=—F 4)
K o0 7l SOILA A RET R R B 6 CHY

3, FO R ALY BRI, ny o ny I
ny g3 DSOS T T, 8 IR g I A AR AL L
4 B8 FT A T 50 AR 1T TP AR BIL AL H 2231
fift SR SALSE HE AR AR A (xy, ), AT RATTEE i 3L
FLA P AT

AB AC -t
1 1

(1- xa)tan,b’

)/2.(5)

222 BEHEALtEem ]

BA (LRI RFi GRS o (N R N ERvA UE LY T WU R
Sride, ik FRAE, BAFERLkA, W
HUAE HE I B A RO R, RIS BE DR UE BT A 9
FUHREE G T o (RS LS S A R AT O
If] 55 P S e i R o(TT Mg, IR ,), AN

3PN o I AR 5 g 3 B T P Y RAT T R
.
X—Xq _ Y—DYai z
cosg, sing,  sing,  cosg, cosg, (6)

LA 0 T I A 1513 8T 7 B A AL AR 2R R B 5 R

KDAH®):
y-sina+z-cosa=0, (7)

(x =1)-sinf +z-cosff =0, (8)
555 30(6)~(8) T S S AT 1T A AL g «

Yasinacos g, sin g,

Xp=Xgqg— — .
sin a sin ¢, + €os & cos ¢, COs @,

Ya €OS 0.COS @, COS @,
Vb= = p , (9)

SIn @ sIn @, + COS & COS @, COS @,

VaSin a.cos g, cos g,

Zp = —

sin a sin ¢, + COS 0. COS ¢, COS @,



BTG, 2 7 99 1A e e i o L 2 0 1K 603

T 1 HITH 1T

=t

CCD: (CCDs)

»
NV

CCD, N
X

¥ 1
¥ I

CCD,

Ny

0

CCD, (CCDy)
X

Bl 3 3R AT T 1) B R S A7 AE S A IR T

Fig. 3 Situations when there is a small angle between the
projectile flying direction and scheduled ballistic
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Tab.2 Target matching calculation for three target surfaces

FFRAERTI T A% g brm  HAREE  IDREF)
{41i/Frame x y ms’ H bz
5059 7.54 1.99 6.58 T
5086 7.64 2.04 6.85 T
5196 7.26 2.15 6.54 T
5258 7.53 2.30 6.72 T
5437 7.63 2.48 6.49 T
5437 7.17 2.45 7.20 F
5437 7.34 2.38 7.29 F
5437 7.46 2.55 6.66 T
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