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Monocular camera calibration method based on modified aquila optimizer

Hua Yang Huang Fuzhen
(College of Automation Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: To improve the camera calibration accuracy, this paper proposes a monocular camera calibration method
based on the Modilied Aquila Optimizer: The internal and external parameters ol the monocular camera are calculated
by Zhang Zheng You calibration method. Based on the obtained camera parameters, the average reprojection error of all
corners in the calibration image is calculated and the objective function is established. The Aquila Optimizer which is
improved by adaptive allocation mechanism, dynamic compensation strategy and nonlinear tide strategy is used for
optimization to obtain the optimal internal parameters and distortion coefficient of camera calibration, Thus, the
optimization accuracy of the camera nonlinear calibration process is improved. The experimental results show that the
improved Aquila optimizer algorithm has superior optimization results on different benchmark test functions. The
calibration results obtained by the camera optimization calibration method proposed in this paper are more accurate, and
the reprojection error is 0. 006 pixels.
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020} . .
015}

%i%?/pixe]s

12 0.10¢
0.05}

f1 A

-0.05F

-0.10

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 040 0.45 0.50
A AR RR IR 2 /pixels
(c) PSO



o FATRRERERKEGHE I MIFEF &% 516 i

<
T~

<
o

viRiR Z/pixels
)

F AR
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|
o

F AL FRvEIIR 22 /pixels
i
<

-0.

I~

o

[=}

o

1
<
e

8

-04 -02 0 02 04 0.6 0.8
£ 15 AR bR iR 2 /pixels

(d) HPSO

-0.6

-04 -02 0 02 04 0.6 0.8

EF MAO.AOQ.PSO.HPSO U & BAS i +H LT &
AL e AR AR R AR B B A HL TS B L & B AR R
BAE R 3 TR, WA R BN 4 PR,

MBS Hra] LUE H L 38T MAO PR E 5 2 A 1A
FIFH TR G Z R, T R LR T HAE
B, B Ar R ECE A S FE B AR, R A AR 30 IR
RAEC LI K F H AL, S5 28 AR F 8 R R Bk
SRR AT BB, B AR PR EE RS sk, B AR 45 KRB TR
FE . MIE 6 Fzk 3 dr ] LIFE ), H T PSO M A LbR E 7715
Bt RS SR K, 25 BB R 0. 201 pixels, 1 2
F HPSO WAHLARE 5 i e &L U ST 0. 109 pixels, 33X B F
BRI T WA A B R ERENAEAR, &
F BAS WARBLIE AR 2 J7 2 25 AR R SI0EE 2 2R 4 AR
I3 A A SR R B Wk R R S R AR T e A B g AR
B4 0. 08 pixels, T+ AO WAHHLERE 1% 1 H br ok 504
R S R R PR 15 WG ARUE WS B iR
R FMEE DPRERBFBETFRE RLRHT
0. 043 pixels, #F MAO WHHUAR E ik T LR IE M
YRR ARG, T TR 2R R R S ae A
R Y4 R AR AR T A S B W P T A SRR
R A A 0 285) e AL BHE I RIEE R &, F

£ p AL bR iR 2 pixels
() BAS RS B o, S B S BT 0. 006 pixels,
Bl 6 EBEIRE S TR 5 PR AL 22 75 5 1Y B A 7T LAASR B Aw e
X3 HNABSESERERENREER

brE Tk W f1 s u, /pixels v, /pixels E /pixels
5 1 456. 31 1 447. 86 956. 18 546. 24 10.093

10 1 456. 92 1 448. 88 955. 87 544. 84 0.073

MAO 20 1 456.91 1 448. 86 955. 88 544. 87 0.042

50 1 456.91 1 448. 86 955. 88 544. 87 0. 007

100 1 456.91 1 448. 86 955. 88 544, 87 0. 006

5 1 457. 37 1 447.75 955. 53 544. 49 32. 888

10 1 456. 99 1 448. 64 955. 78 544. 82 25.273

AO 20 1 456.93 1 448. 80 955. 85 544. 85 9.572

50 1 456.93 1 448. 81 955. 85 544. 86 0. 077

100 1 456.93 1 448. 81 955. 85 544. 86 0.043

5 1 445. 87 1 435. 45 959. 01 560. 87 35.135

10 1 444.01 1 437. 86 954, 68 553. 40 24.515

PSO 20 1451.72 1 437.70 956. 87 550.52 8. 827

50 1 454.01 1 441. 28 955. 97 546. 77 1.521

100 1 455. 89 1 439.41 954. 74 546. 58 0. 201

5 1 446.11 1 480. 65 965. 85 548. 03 30. 416

10 1447. 42 1474.77 960. 89 547.56 16. 603

HPSO 20 1 444. 06 1 452.09 955.52 545. 26 0. 654

50 1 456.12 1 449. 47 955. 85 544.93 0.199

100 1 456.73 1 449. 21 955. 86 544. 90 0.109

5 1 457. 39 1 447. 46 955. 32 544. 80 1. 352

10 1 456. 89 1 448. 94 955.91 544, 87 0.209

BAS 20 1 456.91 1 448. 87 955. 88 544, 87 0. 209

50 1 456. 88 1 448.91 955. 87 544. 88 0.118

100 1 456. 83 1 448.91 955. 90 544, 87 0.084
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x4 HVBTRHBMREER
s ik WE k, k. ks /% b2 /%
5 0.04 —0.13 0. 56 —0.22 —0.16
10 0.04 —0.12 0.55 —0.05 0.02
MAO 20 0.04 —0.12 0.55 —0.06 0.01
50 0.04 —0.12 0.55 —0.06 0.01
100 0.04 —0.12 0.55 —0. 06 0.01
5 —0. 04 0.07 0.39 —1.61 —0. 96
10 0.00 —0.03 0.47 —0. 87 —0.54
AO 20 0.03 —0.11 0.54 —0.13 0.02
50 0.04 —0.12 0.55 0.03 0.05
100 0.04 —0.12 0.55 0.03 0.05
5 0.24 —0.18 0. 62 —1.89 —1.99
10 0.31 —0.08 0. 38 —2.24 —1.05
PSO 20 0.17 —0.01 0.53 —0.97 —2.09
50 0. 06 —0.22 0.75 —0. 44 —0.76
100 0.03 —0.26 0.57 —1.08 —0.31
5 0.02 —0.34 0. 60 —0079 —0.27
10 0.01 —0.21 0.58 —0. 36 0.11
HPSO 20 0.02 —0.16 0.57 —0.21 —0.28
50 0.03 —0.13 0.55 —0.01 —0.11
100 0.03 —0.12 0.55 0.01 —0.10
5 0.03 —0.12 0.54 —0. 38 —0. 38
10 0.04 —0.12 0.55 —0.02 0.01
BAS 20 0.04 —0.12 0.55 —0.04 —0.01
50 0.04 —0.12 0.55 —0.05 —0.02
100 0.04 —0.12 0.55 —0.05 —0.02

MR R T A A SR AR R AR AR (wao) XTI ERERE
AFR (a0, BB B IEELIE (| w—u |,
| v —o" [ SEATHF FE AT 35— 25 B0 UE AR S H ) 4 52 T
BIAT SR A A A AR AN R S T R A bR R 2
nzk 6 fims.

x5 RUASKRELR

BE MR (u,v) /pixels
(1 157.592,676.907)
(952.551,750. 461)
(1 216. 043,550. 064)
(1 018.729,620.164)
(819.001,691. 218)
(1 080.098,498.941)
(887.748,566. 801)
(1 137.776,385.423)
(951. 867,450. 648)
(763.964,516. 259)
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—
[
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MG 6 FA] LA L X REAL S A B 10 ANHR E s 2
T MAO WP E T5 545 B B9 F 23R 25 0. 04 pixels,
KW B T HAR AR E 7 2k . BT MAO A HLIE AL r
JENER PR R TR EREA SRR
B 5 SE B ) AR R AR AR L R AR AR 23 5 A 1T 2 H B DAY
58 ARAA B B 4 b TR AR RS SR AR UE Y R
BRI 7Ca) BT 78 o 4 8 B BT AT A B9 X e A e 7 (b
B .

ME 7 AT LUE B F MAO B AHHLR & J7 215 5
A EL BB A R S AR AR T A R AR S A R
TR AT LUR 2 A RS . AT Rk R =k AR AR
Fro 6 HEAS FAHBILGS 2 7 k7 AN [ B R EAR B B iR
ZE{H WK 8 TR .

MIEL 8 el LR, 58T AO M AHHLAR 5€ J7 B 44 £
WS REMRERRR T R ERZIREZMETE 0.05 &
ML, 3T MAO MY E T BRI ERE R EM
E 0. 006 pixels 7 47, ¥ % B2 M B2 1 B ) 0 T DL A
Bk



£
e

M A TRRERERKLB L B MIFEF &%

516 i

K6 ARNEEEHERYLIRR I IR E (8L :pixel)

bR 7 ¥k

il

B AL AR

WAL/ Y%

fE

MAO

AO

PSO

HPSO

BAS

© 0 N O Ul W NS 000N oUW NS 000N oUW NS O 00N DU S 00N O U e W b

—
<

(1 157.591,676.909)
(952. 561,750, 465)
(1 216.045,550. 06)
(1018.722,620.169)
(818.998,691. 228)
(1 080.106,498. 936)
(887.749,566. 801)
(1137.772,385.428)
(951. 872,450. 642)
(763.965,516. 262)
(1157.569,676.912)
(952.657,750. 491)
(1 216.043,550. 011)
(1 018.648,620.212)
(818.965,691. 324)
(1 080.152,498.901)
(887.743,566.796)
(1137.703,385.473)
(951. 886,450. 589)
(763.956,516.299)
(1157.575,676.575)
(952.7,750. 546)
(1 215.903,549. 491)
(1 018.797,619.984)
(819.184,691.452)
(1 080.126,498. 447)
(887.807,566. 734)
(1 137.59,384.837)
(951. 872,450. 286)
(764.127,516.401)
(1 157.596,676.779)
(952.63,750. 568)
(1 216.048,549. 746)
(1 018.668,620.149)
(819.028,691. 454)
(1 080.074,498. 731
(887.721,566. 86)
(1137.671,385.094)
(951. 801,450. 538)
(763.958,516. 445)
(1 157.743,677.061)
(952. 606,750. 5)
(1 216. 275,550, 201)
(1 018.845,620.191)
(819.074,691. 15)
(1 080.284,498. 966)
(887.87,566.736)
(1 138.041,385. 456)
(952. 047,450. 595)
(764.124,516.13)

(0.14,0.2)
(1.15,0.34)
(0.18,0.37D
(0. 64,0.55)
(0.25,1.03)
(0.79,0.33)
(0.15,0.07)

(0. 4,0.55)
(0. 48,0.63)
(0.12,0.27
(2.31,0.52)
(10. 74,2.95)
(0.02,5.28)
(8.08,4.82)
(3.58,10.59)
(5.37,3.98)
(0. 54,0.47)
(7.29,5.03)
(1.95,5.94)
(0.72,4.02)
(1.73,33.18)
(15.03,8.51)
(13.97,57.27)
(6.81,17.98)
(18.32,23.39)
(2.79,49. 29)
(5.91,6.68)
(18. 64,58.54)
(0.55,36.21)
(16.38,14.2)
(0.39,12. 84)
(8.09,10.67)
(0.48,31.76)
(6.02,1.43)
(2.75,23. 6D
(2.38,20.87)

(2.7,5.86)
(10.53,32.9)
(6.55,11.07)
(0.52,18.63)
(15.09,15.39)
(5.66,3.83)
(23.18,13.74)
(11.62,2. 71
(7.28,6.8D)
(18.64,2.66)
(12.23,6.53)
(26.5,3.36)
(18.06,5.35)
(16.01,12. 88

0.004 3

0.042

0.202 6

0.1051

0.113 7
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HIBLAAARE

B8 AEEF EREEZREE

AR T — B T ok R KB G Al 4% 3 R R AL A
T ¥k » BN B AL B AR LSRR B L T o 5K AE KA A
i ARSI A LS BRI 46 8, DL iR A s
PR IR 22 M 7 B Am R s ST 1 O B 3 BB R R
T VBT VLR BT b0 R B AT 52 o s TE B AR Y
THLHRME L B VR BT B AR R SR e A AR AR
M R T AO A T B3 i s e 34 2 B ) 22 B0 ik
e » DT BRIE LB 4 14 IF I 3 45 008 A 3748 BN 18 v L3 1
PSR AR E 45 R . FOT A5 R R W R SCHR i MAO R 7E
8 ik i R A b UL R BB 22 F MAO B AL 1L
WE T ER ES R, FHERERERLARN
0. 006 pixels, 7EAN R E L AgiR 2245 R A HEL 0. 002 pixels,
AR R T AR R BRSNS R S R R . 1RS>
J5 BB IE R R R 2R WA AR AR SR B Dk B B B A 2R Y
HABUAT E FREE T, [R] B 55 5 22 B9 5 05 AT LU AR
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