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Abstract: Accurate measurement of rocket height is one of the important preconditions to complete the
rocket recovery task. In o-rder to realize the real-time measurement of rocket height, the rocket recovery
height measurement technology was studied based on monocular vision. Firstly, in view of the smoke
scene in the process of rocket recovery, the transmission function was improved bas-ed on the He Kai light-
dark channel de-fogging algorithm in combination with Retinex theory, so as to improve the adaptability o-
{ the de-fogging algorithm to different fog environments. Secondly, according to the characteristics of tar-
get in rocket recovery, an algorithm suitable for target feature extraction was proposed, and the feasibility
and reliability of the algorithm were verified by e-xperiments. According to geometric characteristics of the

rocket and the ground target, the mathematical model is built, and feasib-ility of the altitude algorithm is

s B 8 :2023-12-22; 1&1T B #8 : 2024-02-20.
EL£TH:HE A KRB 4 (No. 51905529) 5 o Rl B 5 453 i i 25 2 5300 H (No. 2022410)



%514 48 B A BR[OS A0 R R R AR Y 2167

analyzed quantitatively by designing experiments. Finally, the influence of different defogging alg-orithms

on the height measurement results under different fog concentrations is quantitatively analyzed. The simu-

lation and exper-imental results show that the accuracy of rocket height calculated by the proposed method

is within 0. 5 m, which can meet the de-mand of height measurement in rocket recovery.

Key words: rocket recovery; single image de-fogging; centroid extraction; height calculation; monocu-

lar vision
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Tab.1 Peak signal-to-noise ratio under different algorithms

HE Fattle Tan Ours
Image
1 64.4909 61.3904 60.9493 64.1537
2 65.7304 58.9542 64.2068 65.7074
3 57.1115 57.9615 65.1302 57.4845

4 67.1902 62.1310 61.1413 67.4081
5 61.6482 63.3365 65.2305 62.8389
6 59.6241 54.0056 62.9221 59.9807

7 56.944 4 55.0560 64.0315 57.3042
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Tab.2 Structural similarity of seven experimental images

befo-re and after defogging

Image HE Fattle Tan Ours
1 0.8886 0.5693 0.0024 0.6645
2 0.8936 0.3109 0.0031 0.5911
3 0.5755 0.4155 0.0048 0.502 2
4 0.9389 0.6389 0.0045 0.9199
5 0.7986 0.7434 0.0025 0.7660
6 0.7440 0.0127 0.0039 0.6780
7 0.5225 0.0951 0.0035 0.4338
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Fig. 22 Second iteration of the resulting detail map
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Tab.3 Figure 17 show the target centroid coordinates
A X Y

1 2652 1810
2 2653 1778
3 2657 1748
4 2 684 1750
5 2683 1812
6 2 686 1781
7 2715 1813
8 2718 1751
9 2717 1781

L6 MR R R SOOIk AR Ak B AR P T 220
At

x4 BEURTEERMESZEMNEES

Tab.4 Figure 17 show the distance between any two targets

B 1 2 3 4 5 6 7 8 9
1 0 32.016 62. 201 68. 000 31.064 44.688 63.071 88.527 71.176
2 32.016 0 30. 265 41.773 45.343 33.136 71.197 70. 385 64.070
3 62. 201 30. 265 0 27.074 69. 080 43.932 87.115 61.074 68.476
4 68. 000 41.773 27.074 0 62. 008 31.064 70. 214 34.015 45.277
5 31.064 45.343 69. 080 62. 008 0 31.145 32.016 70. 328 46.011
6 44.688 33.136 43.932 31.064 31.145 0 43.186 43.863 31. 000
7 63.071 71.197 87.115 70. 214 32.016 43.186 0 62.073 32.062
8 88.527 70. 385 61.074 34.015 70. 328 43.863 62.073 0 30. 017
9 71.176 64.070 68.476 45.277 46.011 31.000 32.062 30.017 0
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Fig. 24 Comparison of image feature segmentation effect
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Tab.5 Centroid coordinates obtained by different centroid extraction algorithms

GER7S RTINS 198 1L S5 > 12 JIE RIS AR SCHE

A X Y X Y X Y X Y
AL 133. 000 213.286 133. 000 213.500 133. 000 213.285 133. 000 213.500
5 2 117. 444 214. 333 117. 500 214. 500 117. 444 214. 333 117. 500 214. 500
#1503 124.857 213.571 125. 000 213.714 124.857 213.571 125. 000 213.714
A5 4 118. 000 221.285 118. 000 221.500 118. 000 221.285 118. 000 221.500
155 133.428 220. 857 133.420 221.000 133.428 220. 857 133.420 221.000
56 125. 571 221.857 125.714 222.000 125. 571 221.857 125.714 222.000
R 7 133.750 229. 000 133.875 229.125 133.750 229.000 133.875 229.125
A8 118. 200 229.700 118. 300 229. 800 118. 200 229.700 118. 300 229.800
B9 125. 857 229.428 126.001 229. 500 125.857 229.428 126. 001 229. 500

&l 25
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Centroid extraction accuracy detection template

Fig. 25

e AR S B T R B B A DL R
B Pk
4 RATFEBEMTHELSEMNSAE

A3

AL ) B 7 AR BIF 5 o W A i LA RO
Ly AR 23 T A A0 B RS AF R I AT
o 1 B i W 32 2l F AR B 0 28 2 T2 N Y
AR5 W AR I N R G T A B

FE WASEmE ARz 2 8. Wi,

Xt F R 32 3l B s Bl 47 28 0, 9058 0 48 7
ERAH ARG o R 5 R T
RGBS, R AR g BA R T
PET L B H BLGE AL 2 R T B AR bRy

fIE R AG T = 4R W) A 1 A28 A2, H A5 44 ]

R SCHE TR E L SE D0 B T R M T A A
I 2 505 A5G SE 30 2% 1 A Bl b 000 i i 45 3
THT ¥ A 22 6] B g o 7R SR A JE A HL S b T A
F1% v TR T, 0 200 BT AU 1) g JEE L B TR R R R

R O AR, JE TG I i T 3 R e B 0 B Y
AR AR AL o 3 X S SR UL k) v AT R
R o (HE, Toig e 2 B4R Bl 2 R, &
TCR/NEAAZHY , H A — U B AE 55 %) i T o B
HRATRH L B4 LR A% G S5 I (2 B4R ) S5 1F
T B AT o B R AR A, = F Z A ]
FURYRL = AIE SR, A 26 FR

g @

L
= o

() MAJEL Lo
(a) Weighted centroid method

(b) L& Lk
(b) K-Means Clustering

(c) BB (d) ASCHEE
(c) Threshold centroid method (d) Proposed

(K126 AN [7) B 925 o A AT T JB 0 2 B ) 45 24
Fig. 26 Results of centroid extraction of template graph

by different algorithms

H AT A
“,7i
TR (22)
AL S
=12 (23)
a

s H RIS AR 5 5/ m B Sk fR I o KRR 1R



514 it:3

o, A LT R H BT 0 T IRT A R I B R A 5T 2181

F27  fRGedis 2 T S HCZ [ JLAT 6 &

Fig. 27 Geometric relationship between parameters un-

der tradi-tional photographic conditions
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Tab.6 Peak signal-to-noise ratio of the same fog concen-

B 4b 22 fE M IEE 15 R B

tr-ation graph processed by different algorithms

ESCAC RS
EN HE Fattle Tan Ours

6.1912 67.0766 69.0669 64.2146 68.0016
6.2252 62.8624 71.8764 72.1907 63.1513
6.2565 68.6701 62.8724 69.4425 69.4154
6.2702 63.0150 69.0669 71.6962 64.6964

6.274  61.4872 68.6028 72.6868 61.7790
6.5189 61.8951 63.5376 71.2353 61.5189
6.6682 60.3103 65.3701 71.6073 60.5719
7.0292 60.0779 64.8315 67.9204 60.3266

KT TREEME—ZREELLERNEEEMUE

Tab.7 Structural similarity of the same fog concentration

grap-h processed by different algorithms

FERY 4GRS
HE Fattle Tan Ours
EN

6.1912 0.9445 0.9532 0.0079 0.6731
6.2252 0.8874 0.9707  0.4651 0.8646
6.2565 0.9476  0.7878 0.0072  0.8677
6.2702 0.8888 0.9653 0.0071 0.430 2
6.274 0.8486 0.8688  0.0071 0.816 9
6.5189 0.8436 0.7197 0.0069  0.8090
6.6682 0.7797 0.8731 0.007 1 0.7270
7.0292 0.7449 0.7521 0.0068  0.6745
i 6
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Fig. 33 Entropy of the image after de-fogging
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Tab.8 Measure data from different heights under unobstructed and well-lit conditions

B Sibrm s bl xR MxNR2E BWRF SRS A BABUD X AR R
Fe  E/m H/m R /mm %/m HAH 5 E/m R/m EE/mm 2%/m HA
1 47 47.00 13.559 3 0.00 0 15 27 27.32 7.789 4 0.32 1%
2 46 46.22 13.2708 0.22 1% 16 25 24.07 7.2124 0.93 4%

3 45 44.87 12.982 3 0.13 0 17 23 23.55 6.6354 0.55 2%
4 44 44.30  12.6938 0.30 1% 18 20 20. 21 5.7699 0.21 1%

5 43 43.74  12.4053 0.74 2% 19 18 17..62 5.1929 0.38 2%

6 42 41.90 12.1168 0. 10 0 20 15 17.61 4.3274 —2.61 1.7%
7 40 41.57 11.5398 1.57 4% 21 13 12. 80 3.750 5 0.20 2%
8 39 38.57 11.2514 0.43 1% 22 12 11.72 3.462 0 0.28 2%
9 38 38.03  10.9629 0.04 0 23 11 10. 67 3.1735 0.34 3%
10 36 36.63 10.3859 0.63 2% 24 9.1 9.01 2.6253 0.09 1%
11 34 34.66 9.8089 0. 66 2% 25 8.2 7.86 2.3657 0.34 4%
12 33 33.41 9.5204 0.41 1% 26 6.8 6.42 1.9618 0.38 6%
13 31 31. 26 8.943 4 0.26 1% 27 5.3 5.12 1.5290 0.18 3%
14 29 28.83 8. 366 4 0.18 1% 28 3.2 3.06 0.9232 0.14 4%

(¢) DII_0289

(f) DJT_0290
[l 35

(c) DII_0287

(d) DJI_0288

(2) DII_0291 (h) DJT_0292
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Fig. 35 Clear picture
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