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A3C-based large field of view camera calibration
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Abstract: High-precision calibration of large field-of-view cameras remains challenging in machine vision,
owing to the difficulties in fabricating, storing, transporting and handling large high-precision calibration
targets. To address this issue, this paper presented a high-precision calibration method for large field-of-
view cameras using reinforcement learning. Based on the Asynchronous Advantage Actor-Critic (A3C) al-
gorithm, the proposed method optimized small-target poses for Zhang's calibration under a large field of
view, and obtained the optimal sample distribution of equivalent large-target images and features, thus im-
proving calibration accuracy. The target pose optimization problem was formulated as a Markov game,
and N parallel target agents were trained via the A3C algorithm in separate environment instances to opti-
mize target poses. The learned policy was then applied to large field-of-view camera calibration. Experi-
ments on a 10-square-meter field of view show that the reprojection error is stably below 0.2 mm, Com-
pared with the fixed defocus method, accuracy improved by about 50% , and compared with the MAPPO
algorithm, accuracy improved by about 12.3%. The proposed method has been successfully applied to

full-scene motion parameter measurement of rotor blades in rotor wind tunnel tests, meeting the high-preci-

e B 88 :2026-03-20; 1&1T H #5 : 2026-06-16.
HEWH : FRHRFER S (No. 62365014) ; VLA H 2R FR: 3 4 (No. 20242BAB202072,No. 20242BAB212004)



%12 M il

5 LT ASC KM 8 AE WLbE & 1941

sion and high-stability requirements of camera calibration.

Key words: large field of view; target pose optimization; multi-agent reinforcement learning; curve fit-

ting; Markov game
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Fig.1 Markov game model of the grand field camera
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Fig.2 Schematic diagram of the algorithm network structure
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Fig.5 Target agent interaction process
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Tab.1 Pseudo-code of calibration method based on A3C
A REISE
it : Actor [ 2% 255
For each episode:

WA AR AR AL B2

WILR L TR BB Y Actor Z 4L 0 F1 Critic 24 w;
S R R A S BB BT R A

WA AL 22 5 Wi B ;

For each step:

for each Worker i:
FR A R FROULIN Z A Actor W 4% 3 5 Bl 1E
PATIREFEF . P> P, s
AR A BIE a_tFHEBRE S, — S, 15
NI r SRR (2,5, Vi a,r,)E) B;
If B is full:
BRI T o FIMSE
For each update epoch:
HUR R BRI 0 w5
A R RER Y 0 Al w [7] 25 2 H A 2 REAA 5
5% B
end if
end for

end for

4 RAGBNFAAF K I

4.1 (FEXRE

TS UE BT B O A R I R TS R 4
B B b5 € 5 9280 . 7 PyCharm P & |
fdi H Python 15 5 58 0 1 Bk 9 07 BLSE 3L, P iy
M 4% 5T PyTorch HEZR #4538 . L IR A5
LT P2 AN [R) B9 P8 47 R 855, 2B M 40 52 EL AT AR
i FHAS SC 1L R AR B R B AR A X A AN R 2
B R WAL AT AR 2 . WAL L2
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B B WE 2R o
RHARE KRNI X, Y, Z )51 F a4
K43 9] J& 100 mm, 100 mm 1 500 mm. 7E 1 $)
FRCEEASORA BT, — 2 v 40 R B I R R ML Y b
T 22 Bl S 5, T AR I AL R A A o 2 U B i
FE R 1o FERTHL G P B, — 4 s 3T ok A AR
W 22 77 Fe 4 B AR ML AL B 9 5 8 o 0.5, TN 7E

W47 B AR EZE I R 0.2, A3CH LM S
FokE R 3PR

A SCLLEE bric SOV A #E AR 09 FR IC AR AR A
H AR AR SAT 5 R 8 X 95 R AE A4 B .0 B R 50
mm; B S H AN 30 mm. R 30 N FR & B AR
HEAT SEI , IR AE KA 70 Bl BEBL ) 1R 1k 30 148
IR A= R A7

x2 BMAGEIRSH
Tab.2 Two sets of simulation parameters
T H F—MSH B HBH
BEA% 3k A2 1 /mm 12 50
MG 5 9% /pixels 2040%x 1024 20481 280
I BE B /m 5 10
M/ m’ 4.6X2.3 4.0%X2.5
{2240 0.000 985.6] {5181 0. 000 1030]
i ZETINAE A=]0.000 2240 546.1 A=10.000 5184 630
0.000  0.000 1.000 0.000 0.000 1.000
W 7% 22 %K »=[0.0000 0.0000 0.0000] »=10.000 0.000 0.000]

R3 A CHEZBSH
Tab.3 Super parameters of A3C algorithm

SRR 8
] HEa 5X10°*
P ¥ o 0.9
& 0.001
FA WG AL H IR M 25
856 0 KN 1000
iAW N 40
GAE 2 0.95
S5 0.2
SR W S 0.01
HOE A AL 15
AL 2% Adam
T PR AL Tanh, Softmax

411 $—atrAsR

TR — SRR AE T RIUA SO 2 J7 ¥0R
fifp T IR AT I AR ZERE R 34T 52 HARAR AR AL 3 Y
DAL 2, AR FEFRAE LT TP 1 B D042 s ¥ 5
Y3501 5 28 BRI o 5 s A8 AL (Multi-Agent
Proximal Policy Optimization, MAPPO) & ik i 17
X RIS R b, B RE R BRI 5 BRI A H 25

W, LA 100 000 [\ & AU 2k iy ol & 8. & PR
1000 8] 4, X #0 bR 2 BE R Y O s 1 A7 — IR
& 6 s T B BE R B RR 1) SR il Hh £k .

Reward
S

10|/

12! — A3C
MAPPO
-140 20000 40 000 60 000 80 000 100 000
Episode

K6 R4 HLAR ) BT 2

Fig. 6 Cumulative reward of the main network

ME 6/ F i, A3CH %5 MAPPO & ik 3
FEZ 70 000 14 I 3k B A0 2 WSk, M6 & i i 8GR
FEMIE . SR, 15 45 T A3C WY 2B 317480 , 4
AU Gk 0] A B SF 35 FE B S KT ) 2B T T Y
MAPPO. 7€ # [A () 5 £ 25 5% (Intel (R) Core
(TM) i7-6700HQ CPU+RTX 3060 GPU) T ,F
KIFEWF 2 2.6 s, 1if MAPPO 45 [0] & 3 2 & i) 2
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4.1 s, SEMATT 100 000 [m &Il 45, A3C EAERT
2572 h, MAPPO 2y 114 h, Il 2k i [a) 45 55 249 37 % .
AN, A3C 1 22 Jih it £ % 3 i 22 B 2 /N T MAP-
PO, R H A Gt B nfa e . Bk, A3C H %
FE I 25 3505 FAG E P8 J7 T 34 8 T MAPPO., i
TEYN 53 B ¥0 bR 8 R AR 7 2 DAL I 25 21 R I 1 3R
A3C Y Zrad B v ) — L BUHE AT R L 2 1 T8
B 19 25 (8] 43 A1 o BEARTE R A0 37 30 58 vh (19 W) 16 o3
AN 7(a) s B AR KA I B AR AL S 1
SN 7(b) s o

Ye/mm
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(a) Initial distribution map
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Fig. 7 Target position 3D schematic
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Fig.8 Target 2D map
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Tab.4 Results of the first set of experiments

M 70 UE 3k AR B SE AR A% 3l 2] 1 K
EALE P RCT R RAE AR . B 8 45 T AR
R AR 5 B9 AR I3 A o 0006 23 A 9 B An ] 8 (a) i
ARG 3 A B 8(b) Bz o M 8 1] LA

i { ZH

2240.706  0.000  985.6757
N B
st A=| 0.000 2240.585 546.0738
= 0.000 0.000 1.000

AR

[—0.0977 0.3721 0.0000 0.0000 0.0000]
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H s DX A e A8 R 1R 22 B T A 3 i
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Fig.9 Validation Target back-projection error distribu-

tion map
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FESE A SR AR 3l A T R R AR
IR ] I A R AR Y | R A H AR 7E 0 35 Hh A 4 Ak 12
g A A A SR A R gk 5 R .
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Tab.5 Rsults of the second group of experiments

1 77 22 2R WA A 45 R AR M AT IR AL 1 B R
PEBEES WAL —3, WL RIE T %
TER G TRAZ MR 2 b i A 8ot .

AR SCHR il R ECR R iR 22 5P IS R
FREG IMASCRN A8 =X, AU A T A B R
FE S AR AR A1 o IS b A /N ) ¥ A 30
TUHRAS A, 3045 5 AL T3 bl s A5 R
PRI T, AT BE A R 43 HOHE AR T A A R R
W AR — A BEAY A DX ) 79 25 3k 3 - £

ARG EAREE PP S R AR
300 mm. A i 5 35 AE 2 Jih R KR T R R S0AH
MORCE RBAHIE BV EIR0.001 %, £
AE A S8R SR AR ST T AEL0. 000 5,
0.001, 0.002 B} Ay YI 25 &% R, 45 R R W&
0. 000 5~0. 002 & [l 1 , R #% 5% 158 22 5 bR 1 5
PERY AR LI AN . P, AR SCEE B A=0. 001 1
HE AR E , HESS R AR A E T ST
0. 144 mm K /=55 B 25 5, i — 20 10 IF T % A
T A B RN R
4.2 HILLH

Shy B UE JIT 4 T 0 A RO R — Y
W8 7E FUSER R AT T R A S AR HLAR 2 1Y
SR . AR SCR AR E BASLER 2 7 A4 7= 19 Tl
BARPLIEAT 50 S BB RS E LR 6.

x6 BBINSH

Tab.6 Camera parameters

WH SR

- 5181.223  0.000  1030.076
=]

s A=| 0000 5184.184 629.317

= 0.000 0.000 1.000

-_ [—0.10759 0.066875 0.0000 0.0000 0.0000]

MR35 5 40 I B SR BLIN 2 6 7 T I 63
B IR AR HEAT T RO R ZE I 15 P
PP S 4% 5% 1% 25 4 0. 203 mm, JiT $2 77 B AE LA
PR ) RS SRR A A R BEAT AR E 3R AR Y
M 5% 1% 22 8/ T 0.3 mm, FHR LA N 2

SgE| 24
TAZHLAL S Basler acA2000-340 km
Vig = 2 040 pixelsx1 024 pixels
oL A R 11. 3 mmXx6 mm
Bk fEHR 12 mm
BERAT 5.5 pmX5. 5 pm
IS 340 fps
% e

= 4.6 mX2.3m

TESEPREREE N R AR 2 A, 0 T L E AL
ok £ B AL AR AR B R H AR 7 B A AL R H
P 7 8 285 DU A s 1 B0 5 3R A A AR B O
ANAE SR AR E BB ILET 8R4 A SRS % 4
JER A, 3l B 5 A ) B AR S R



1950 P

K TR

34 %

AR 35 B A RS TR A — SR AR E KR TR
TE AR, 2% bR A 2808 B AR A A A R
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F8 132 A7 O 180 DL 10 R 5 i) o
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Fig. 10 Real experimental calibration schematic
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Tab.7 Industrial camera parameters

i H £
: 2231.372  0.000  102.376 6
P
) A=| 0.000 2235157 566.728
SH
0.000 0.000 1.000

W 2%

=5 [—0.96571 0.37642 0.0000 0.0000 0.0000]

4.3 XfLEXIE

R T PEAR T AR O A AR R S AR LA E
T PR RE R B, Bt 1 7 LR F S 56 R LS X
SR, I 5 H A AT T T . R S
55 A — 2obE 4l 28 — AR WL AT X L, A
J7 AR AE 30 5Kk bk g BHR AT bR g, IR E & 10
Wo FTEETT LS LU PR 5 kb AT T X

(1) [ 5 W™ 2z v 2 o 11 5 WA O Tl
B3I, %40 37 1 AT A AL R 43, AR S s B AR TR
TERI RS N, BEAT B 5 AR R 5

(2)MAPPO: % J5 i 2 F H MAPPO 3% |
e HE B 5 BB AR 1) 7 B AR OR W, 4R 5 AR 4
Ak 5 1 S W, AR IBCHL bR 1 0 B A BEAT A5
RN

WE 1153 8w, [ HUAE J5 vk 1 ~F 2
R BAR 2 K 0. 340 8, MAPPO J7 % 1) 2]
KR AR 22 M 0. 218 7, 11 A3C 77 1 4 F 2
MR EN0.203 1, Wik, I E KM
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Fig. 11 Simulation calibration experiment comparison
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Tab.8 Industrial camera parameters

U - 353 2 1% »
b 28 ik B2 /mm H#£/10
fi] 5 HFR 0.340 8 11.282 2
MAPPO 0.2187 0.3111
A3C 0.2031 0.1861

s 12 53 9 Fron , 76 552 R 5 36 85
e, [ B T IR P 3 0 R B R iR 22 R
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Fig. 12 Actual calibration experiment comparison
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Tab.9 Actual calibration error

RRAHINEWE

Tom o Ty i B2 mm F£/107°

fi] 5 HFE 0.348 8 2.102 2

MAPPO 0.2187 0.4656
A3C 0.1915 0.343 4

0. 348 8, MAPPO J7 i iy ~F- 24 3k iz 5% 1 25
0.218 7,1 A3C J5 i 19 V- I ik f $% 5 1= 25
0.191 5. Jr 42 J5 ¥ 5 SCHR H i [ 2 B AR A
MAPPO Jr Mt AL N B R . %07 b
8 4 Y b A5 L SO 0 BB AR 7 B 43RO W X — G
PG P S A5 e — B
4.4 RAXIE

R B R AR SO VA AR H S T AR Y S b iy i
PE B LN o AL T O T E B Y
KIGF et 237 50z 3 2800 AT 55, 48 T+
ZH R TR AR B T PL A A B A b o
PRI 5 VA R AR I T R G K
TR PR LR A B R R S SR A
BN 13 7R AE 4. 6 m>X 2.3 m B a5 1,
KA 4. 29 Frak i Tl B AL &, 24 40
mm, DA 12 mm 83k R 23 0t R im 17 41 17 ) 6
Fric A CELOEE 90 mm, A2 44 mm) . 20 gk
42 2.1 m, iK% 750 rpm, BB 0°~8.5°
i

A SCEE T A3C LA AS 2 1Y 30 2H $E 5 fir
B MK BAR VAR E 5 ¥ hr 2 S8 AR
R [ 3T K00 ST AR A5 0 A R SR i 2
bR T 1 = 2 AR A, I LR 38 Ak b RO SR T

P13 AR STy vk BT RS 2 52 3l 2 800
Fig. 13 Proposed method applied in the measurement of

large-scale blade motion parameters
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(3) B8 A B0 By B < 3 3k 004 38 Al 48 9 3
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AN 360718 e JRI 1 P 1) 7 B AR Akl 26 B 1o dr
P50 (0 Y0 35 07 MR 25 5 S50, PR A 28 0t B
BIL AR

SRS RN L 10T /R (7 4.6 mX 2.3 m K
W0, 3 &3 1 B R O R 2N
0.912 mm , ¥ £ /1 1% 22 K 2 0. 0287, Hy i & g L
B S48 <1 mm (RGBT A . R R R B
ARSI IR TE B R RSE R R T
A R, SEEE T B TR ALK i s sh 80 kG
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Tab. 10 Panoramic measurement results of blade defor-

mation
2 =1
E4URN); 3 2100 mm
PSR 1 )y PR 22 0.912 mm
PR A 2 O R 22 0.028°
RS (8.5 RIET) 85.6 mm
e /MAESE R (0°BBE ) 12.3 mm
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