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Method of miss distance measurement
for projectiles in the suppression
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Abstract: Aiming to the problem of miss distance measurement in the suppression, which generates
by the restriction of topographies and movements in the traditional burst points test system, a set of
pointing system in air is established, and it is installed on an unmanned plane. By utilizing the external
calibration, the internal parameters of the image pickup system are corrected. And then by correction
of image plane and target position extraction, the ground points of the projectiles are obtained exactly.
The experiment result shows that the imaging size of camera is 727.9 m X 352.7 m, which meets the
test requirement within 100 m in horizontal and 300 m in vertical. In addition, the precision of camera
is 0.1 m when the pixel number is 4 096 X2 048, which meets the requirement that the test precision
is less than 0.3 m. The proposed method has the theoretical value and the practical significance.
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Fig.1 Distribution of projectile in the experiment of

60 mm rapid fire mortar
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point of the transit
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Fig.3 Structure diagram of high altitude miss-distance

coordinate data measurement system
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Fig.5 Rendering of the correction effect image plane

distortion for wide field camera
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Tab.1  Corresponding relationship between the image

plane and the object plane coordinate

N  a/px y/px X /dm Y/dm Z/dm

1 —86.15 —68.99 36 589.41 25 273.32 2 100.52
2 —53.40 82.21 37 631.08 31 324.51 2 020.53
3 —14.78 —76.63 39 100.97 24 934.98 2 270.16

4 10.46 64.43 40 426.54 30 319.81 2 210.29
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Tab.2 Error equation coefficient matrix

—0,00031  0.00002 0.00017 —0.20246  —0.03074  —0.0799

—0.00002  —0.00031 0.00016 —0.05457  —0.19171 0.08357

—0,00023  0.00001 0.00008 —0.16494 0.03698 0.08188

—0.00002 —0.00023  —0.00013 001376 —0.19823 0.04807
—000032  0.00002 0.00001 —0.15482 0.00602  —0.08004
—0.000002 —0.000032 0.000018  —001645  —0.20434 0.005908
—0000024 0000002 —0.000003  —0.15474 0.002109 0.063176
—0.000002 —0.000023  —0.00001 —001965  —0.17841  —0.0191

®3 REABABHIER

Tab.3 Error equation constant term matrix

Fos fH P (G
1 —0.002603 5 —0.008872
2 0.010906 6 0.012413
3 —0.005353 7 —0.008638
4 0.00033 8 0.001254
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Tab.4 Comparison of measured data and true values
W {H /m F{H/m
X Y Z X Y Z

e

1 3678.9 2557.3 215.2 3680.27 2554.21 212.37
2 3862.1 2621.6 220.4 3859.29 2624.21 223.17
3 3971.6  2891.2  219.6 3973.81 2894.37 221.76
4 3825.2 2951.2  214.1 3827.57 2954.15 212.85

3781.6 2775.8  223.8 3783.94 2772.62 221.41

[S2]

T 3 T S R A A AT A B W AR Y O 25 R
X:2.22m,Y:3.0 m,Z:2.28 m, iR %K 2.
324 4 m,

53 RESW

I S B, A SCRT T G R R 2
m, SRR, Rk E EE R LR MT
T 30 T AL CATHE AR BE AN TR R 22

A SCRT R g 8 i 3 e AP, H AT RS IR
PERERE A 0.1°. 76 1 km s i MG iR 20 .

21
L= RXa, (9
HA R BV EmEE, o NIRENE, L &R
25 W ATHRE AR ML AZ T & B ORGSR
25 1.7 m,

& % X #:

N T BOUR 22 32 3 U5 1 R G 4 78 1
D7 TR SE B A A R v Ot s AN L
2 BUA J2 AL KR T 3 AR o T 552 B LA B
FUKEGTAL bR . 285 5 R A L 22 A5 AR LU B i
AN TR ZEL N 0.4 m, 4 THEEERA I
AL H iR 22 I AR N T B R 2

23 1 3mSR RO e A Bk BE S A AR
5 E RN i L AH X 35 98 A B2 I 20 1 2R B3 119
A A 3 0 o T AR AR A 5

ARSCHER] T B B4 AR AR G RS R R
PEE T T I T AT 00 RS 2 DU A
AR BT 5 MU J7 6 S B T &2 2 e A 1
N2 5L b T KR A A bR
fifpte 1 JG A AR 3G 22 AT 2 B AR 2 B R A
W R AR eI D5 vk v f 2 HURE AR B 10 A SROL
(¥ b BT A 07 $2 v B A ) A BE RO T 3T D
AT, AR SO Dy vk AR A R B AR e R A L 28
£ ASCH I ORS 2 L (F L B AT T B I A L AR 6
A i 0 e 0 3 JRE PR AT o S B R 4K A
i o AT O v B A PR A T RO Ab PR
H9 . e AL Bl A 2 A o o e R R R
Fha Ak PHORS J3E R IN A LK

[1] MIAO L, QI H, RAMANATH R, et al. Binary tree-based generic demosaicking algorithm for multispectral filter
arrays[ J].IEEE Transactions on Image Processing , 2006, 15(11): 3550-3558.
[2] AGGARWAL H K, MAJUMDAR A. Compressive sensing multi-spectral demosaicing from single sensor architec-

ture[ C].Signal and Information Processing (ChinaSIP), 2014 IEEE China Summit &. International Conference on.

IEEE, 2014: 334-338.

(3] 3hskwl. %, % 2 BT CSIUEE MR GG &bl 25, 2014,29(3): 461-465.
SUN Y M, WU J ,LIU J. Image fusion based on CS measurement matrix optimization [ J].Chinese Journal of Liq-
uid Crystals and Displays, 2014, 29(3): 461-465. (in Chinese)

(4] Ars g, IR ERTH) 0 550 B b XU 7 L], F B L%, 2015,8(5): 768-774
KE H C, SUN H B. A saliency target area detection method of image sequence[ J]. Chinese Optics, 2015,8(5):

768-774.(in Chinese)

[5] A% . FF. RN, FR, 500, IETRAGEAOIENDIYE CFARKXE ARG LD %] LeF - %

#,2015,26(2) :360-367.

LIUD H, LI P, Gao D H , et al.Color demosaicing method based on regular hexagon CFA pattern and compres-

sive sensing [J].Journal of Optoelectronics * Laser » 2015, 26(2) :360-367.(in Chinese)
[6] MONNO Y, KIKUCHI S, TANAKA M, er al. A practical one-shot multispectral imaging system using a single



5514 FIAGHT A5+ ) T a0 AL Y R I 1 S 55
image sensor[ J|. IEEE Transactions on Image Processing , 2015, 24(10); 3048-3059.
(7] m&, lwAw, BRE. EWLHEARS AR FELSF. 2015.8(3): 378-385
YAN J, RUAN Y T, XUE P Y. Active and passive optical image fusion technology[ ] ].Chinese Optics, 2015,8
(3): 378-385.(in Chinese)
[8] DONOHO D L. Compressed sensing[ ]]. IEEE Transactions on information theory, 2006, 52(4): 1289-1306.
(9] EF k., EdkE S 5I0OEREEBRMBTEITFNLT] FEASF, 2014,7(3): 396-401
WANG Y Q. WANG S J. Quality assessment method of IR and visible fusion image[J].Chinese Optics, 2014,7
(3): 396-401.(in Chinese)
[10] MOHIMANI H, BABAIE-ZADEH M, JUTTEN C. A fast approach for overcomplete sparse decomposition based
on smoothed norm[J].IEEE Transactions on Signal Processing » 2009, 57(1): 289-301.
[11] YASUMA F, MITSUNAGA T, ISO D, et al. Generalized assorted pixel camera: postcapture control of resolu-
tion, dynamic range, and spectrum[]]. IEEE Transactions on Image Processing » 2010, 19(9): 2241-2253.
[12]  E#C, R F ook B B e B A [ ML ST [ By Tolk i fitt L 2015,
YAN J W, Liu L, Qu X B.Compressive Sensing and Its Application [ M]. Beijing: National Defense Industry
Press, 2015.(in Chinese)
[13] Mmz kdedd, 5%, 90 85, B TOUN L0 JBCHE IE 40k i R4 B stk U] st s pakit 5 B8

5 $3R,2012,24(4) . 478-484.
ZHAO R Z,LIN W J, LI H, et al.Reconstruction algorithm for compressive sensing based on smoothed 0 norm
[J].Journal of Com puter Aided Design &Com puter Grapgics, 2012,24(4) :478-484.(in Chinese)

YEH B A kB (1970 —) . B ITdb R 55 N M 4 TR W, 2000 4 T 3 ot 3 TR F ARG -2, E MR L )y

M HFSE ., E-mail: 331799032@qq.com





