55 44 455 5 1) * T o Vol. 44 No. 5
2015 4E 5 H ACTA PHOTONICA SINICA May 2015

doi: 10. 3788/gzxb20154405. 0512002

B H R R 2 S MAG T RYIE 38 H AR I 5 ik

R S E R
(1 EWTRE¥R S TRER, Wb 4 FE 050003)
CIFEMRZHAEERB L RAERAR, JLE 102600)

W OB AT ARBERLNIE AN ESFo N Z 12 EARB P A, AR K E B w485 B4 3%
RO EAARAFRS L  RETEATEAAG B ABANET X Z 5 EAAMNASARERE
BHAEEBRERALEZNDFRLESAGREFT KRS Y07 B AL SHE R DR RE A B Z MR
Fe BAFBE BB TR L RERB TAHANELESF ML AN FEAA, AR EZIEHMNIEF DA
B ZWH A RT R PO ERFEEBXYIANEFLTFEHERLFA P EIHNELALERL TN
AR ALV NER A A SIS A TORE AR KB R AP CRE LR CHIES. KA
200 m #] 2 500 m & E A A3 E IR GEM JE 5 ok e AL, AT SR £ A TE B 69 T AT AT, R L
S5RFEAENFEARNFIEGRREFRLZEA S ERAN . AT FEATUMA KT RRS
HEESAL . FATHRA M TEERELARNRRALAWEZES B nE;MNELR PHTRE2DT
4.9% 32 20T 87. T m. B A FHREANMNFRVREREFRENE LR,

KEWR LTS MFHMIE; AXAFT; LRAML; REALFRABAIEEE; DILRS; A
T RERTHFIET B

hE4SEE . TP391. 4 Xk HRIRAD . A T ERHS.1004-4213(2015)05-0512002-8

The Attitude Angle Estimation-based Distance Measurement
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Abstract: To overcome the traditional image ranging algorithm dependent on camera attitude and
parallax, an attitude angle estimation-based ranging method of tank target, in monocular image cathched
by observe control and launch system charge coupled device, is proposed. Firstly, multistage scale
invariant feature transform matching method is applied to obtain the template with minor error comparing
with current target by fast attitude angle estimation. Secondly, the template and current target are used
to form a novel monocular range model, without camera attitude and parallax between two images. In
such a model, the features points matching the tank target image of the template are projected to the
approximated 2D world coordinate with the assumption of far distance and tiny error of the attitude. Thus
we set up the mapping relationship between the image points and target points, and then external
parameters of camera are achieved by monocular camera calibration to calculate the distance of the camera
center from target center. Series of targets range from 200 m to 2 500 m are adopted to verify the
effectiveness of the proposed algorithm. Sequentially, the alteration of error along with distance

increasing is analyzed, and the comparison between measurement error and the maximal tolerance of
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middle-to-terminal guidance under various ranges is executed. The results indicates that the proposed

algorithm do not need to capture the accurate position and angle of camera, resulting in fast and far

distance measurement of individual anti-tank missile system in field. Meanwhile, the maximal relative

error is 4. 9% and the maximal absolute error is 87. 7 m, which satisfy the demand of the biggest

tolerance errors in the whole range of missile.

Key words: Geometric optics; Passive range; Attitude angle estimation; Monocular image; Observe

control and launch system of anti-tank missile; Pinhole imaging; Camera calibration; Scale invariant

feature transform
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Table 1 The comparison of traditional model matching

method and the proposed algorithm

Template dataset Distance Success Max error Average

and searching method /m rate 0 ¢ time/s
200 93 3.4° 1.2° 0.753
Multistage template 500 94 3.8° 2.5° 0.714
dataset & the 1 000 96 2.2° 3.7° 0.656
proposed 1 500 93 3.1° 2.9° 0.611
method 2 000 93 3.8% 1.3° 0.545
2 500 91 2.6 3.1 0.518
200 90 3.7° 1.7° 9.282
500 91 3.5° 3.4° 8.916
First order template 3 .,
1 000 93 1.8" 3.8 8.444
dataset & traditional s .
) 1 500 90 3.2° 1.4° 7.347
matching method 3 5
2 000 90 3.5° 2.2° 6.801
2 500 87 3.7 1.9° 6.373
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Table 2 Distance measurement of tank target

Average measurement error under different attitude/m Max Max Average

Distance/m  y=60°p=45" y=120°9=90"° y=—45°9=120"° y=0"¢=0" ranging error running
0=0"n=20 0=0"n=20 0=0"n=20 6=90"n=20 error/m rate/%  time/s

200 9.2 9.4 9.1 9.2 9.8 4.9 0.312
400 13.9 14.5 14.2 14.2 14.7 3.68 0.283
500 17.9 18.4 18.5 18.2 19.0 3.8 0.309
600 20. 6 19. 8 20.9 20.3 21.3 2.55 0.327
800 21.0 21.4 20.3 21.3 22.5 2.81 0.293
1 000 21.8 22.5 23.4 22.6 23.7 2.37 0.322
1200 25.2 24.8 24.9 25.4 25.9 2.16 0. 289
1 400 31.3 32.4 32.1 32.4 33.6 2.40 0. 296
1 500 39.1 38.5 38.5 38.9 39..4 2.63 0.318
1 600 43.5 44.7 44.3 45.0 45.5 2. 84 0.301
1 800 49.5 49.6 48.4 49.0 50. 6 2.81 0. 287
2 000 57.2 56. 4 57.5 57.4 58.5 2.93 0.298
2 200 65. 1 64.5 65. 1 65.3 65.9 3.00 0.315
2 400 72.1 71.7 71.6 72.8 73.8 3.08 0.303
2 500 86.5 86.6 86.9 87.2 87.7 3.51 0.299
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Table 3 The comparison of maximal tolerance error and

iE

maximal distance measurement error

Max Max Max Max
Range of . Run .
. Veloclty ) ranging system tolerance
fire/m time/s
/me s ! error/m error/m error/m
200 17 1.05 9.8 27.65 32
500 17 1.02 19.0 36. 34 53
1 000 17 0.98 23.7 40. 36 114
1500 17 0.93 39.4 55.21 195
2 000 17 0. 84 58.5 72.78 270
2 500 17 0. 82 87.7 101. 64 351
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