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HENEE, BLERGNEEZEFITHEIEREK. NFFURBERNE,

2. & RENARSIRE
2.1 &RAENESR

N T REEN-FEENSIRERFIERBApriTagE LIS, KAOpenCV fisheyetE Bt &RENLA
SHITIRE. WF—NEENLERTH30EX,: = (z,9,2)T,

azi, b=2

z z
r=+va?+ b2
6 = atan (r)
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https://docs.opencv.org/3.4/db/d58/group__calib3d__fisheye.html

04 =0 (1+ k16% + ka0* + k36° + £46°)

ZER TS, 3DAEA— b TEEMLR(z, ) R

BEBRER LHGRET(u, v)TH

u=f, (z'+ay) +c
v = fyy’ +cy
Hdif,, fy, cz, cy NIBHIBIR S,

2.2 SRBEIRSIRET R

ERBRSIRERIT lcamera vehicle calibration(gitlab) FBopencv_calibrationB R,

FEHITHENASIRERN, EAENENERBNDFIHTIRERIENORSE, WE2.2.1-E2.2.4f7T,
EHITHREREN, YREFEFSINERES MEEHTHENAEE, ETEFATRENEIRT, S5
SEEREEA BN

E2.2.1 AMERBEHNRSIREE K


af://n50
http://192.168.10.192:8800/sunqinxuan/camera_vehicle_calibration.git

E2.2.3 EMERBEHNRSIREE K



E2.2.4 FERERBEHNRSIREE K

EfrEBEGRRESTRE, EILEBRTEIL ing_${camera} XHREMRREFHITERR, HE
FX img_${camera}.txt X, FIHFAABEIREEIRMNEXER, UEMAENG, FEERFR
£ ./img_right BE T, HXNM ./img_right.txt XEARARAA

# ./img_right.txt

img_right/1631690408.524919.png
img_right/1631690409.663292.png
img_right/1631690410.457858.png
img_right/1631690411.546102.png
img_right/1631690412.438392.png

B ER A EERITERGRHER, ELIRBEF(./opencv_calibration ) 5517 run.sh Bl 52
MR AENB N SIRE,.

#!/bin/sh

./calibration img_right.txt calib_right.yaml
./calibration img_front.txt calib_front.yaml
./calibration img_left.txt calib_left.yaml
./calibration img_rear.txt calib_rear.yaml

cp ./calib_right.yaml ../data/img/calib_right.yaml
cp ./calib_front.yaml ../data/img/calib_front.yaml
cp ./calib_left.yaml ../data/img/calib_left.yaml
cp ./calib_rear.yaml ../data/img/calib_rear.yaml

IREHIH calib_${camera}.yaml FEEXH, HHASSEGROMWE, BIRSEENBETRILS
¥, TEZERTEN-EEASITE, DAEREN NG, HEHEEXHREN !



image_width: 1280
image_height: 720
camera_name: camera
camera_matrix:
rows: 3
cols: 3
data: [429.74459114051712, 0, 619.22596643438362, 0, 429.83803063011919,
401.92878121320769, 0, 0, 1]
distortion_coefficients:
rows: 1
cols: 4
data: [0.29938336892050299, 0.073557008355643466, -0.069200024479249625,
0.010450303044365006 ]

2.3 RBIRELER

BNRSEENBRTSHIEH

fz 0 ¢
K=|[0 fy, ¢
0 0 1

D=1[k ky ks ki
A RUENL LS TARBIBRHATARIR, ICRNSITELRMT -
42974 0 619.23
Kugu=| 0  429.84 401.93

0 0 1
Dyigny = [0.299 0.073 —0.069 0.010]

43316 0  595.30
Kpomw=| 0  432.75 386.14
0 0 1
D front = [0.309  0.063 —0.040 —0.012]

431.10 0 614.08
Kiep = 0 431.83 399.31
0 0 1
Diest =10.304 0.116 —0.136 0.043]

43171 0 654.41

Krear=| 0  431.32 389.04
0 0 1

Drear = [0.299 0.085 —0.090 0.022]

2.4 NBIREERTE

BIERFIRENIE, NASIREREHTITME, WR2.3.18R,
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af://n157

camera_right camera_front camera_left camera_rear

reprojection error 0.26px 0.28px 0.20px 0.21px

3. EN-ESNSIRE
3.1 A8 EH =Bt

ZERIMNIBNBEEEEANE, MIMUREREERE#PO, TENEZAR-RSREH#ITH
WM =HR. L3 % AR, SERMEETAprilTagtmARE RHEN-ERASITE AR,

R ITHEN-EAASIEN, BREFRENERPOEZARE, FHNERRET+FRRL, ZHl
RIMARRD LT +F B L,

AT #H— S RIEAprilTagh@ ML K EALFUERRMMEEM, FMABundle CalibrationMFRERER, *t
FHETtagdisMbundle, it&taglB#RMbundlefi®, RIBATEABIAprilTaglB L RITERR T,
RAAprilTaglc EX 4 . /src/apriltag_ros/apriltag_ros/config/tags.yaml,



af://n83
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http://wiki.ros.org/apriltag_ros/Tutorials/Bundle%20calibration
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3.2 EH-EFEENSIRE

EH-EEASIRERIE T Hcamera vehicle calibration(gitlab),

SEGKUTIREMR LEBRMUER, EBILUHTASINEERRIIRE, WME3.2.1-E3.24/x, HiF
REFWRERGRET IRHEBR( . /data) T, EMENNEBEREBALTXSRSIREHER,
BE, £ ing. txt, FIHATHE R EERH A,


af://n89
http://192.168.10.192:8800/sunqinxuan/camera_vehicle_calibration.git

# ./data/img.txt
imgl.jpg
img2.jpg
img3.jpg
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E3.2.3 EMERBEHNHNSIREE &

E3.2.4 FEMaRBENASIRER K

R R ANARIFREWITEERE, 51T image_to_msg TR, RWITEER, EZMmiEH
5 /cv_camera_${camera}/image_raw LA /cv_camera_${camera}/camera_info,

rosrun image_to_msg image_to_msg

%, 517 continuous_detection TR, SEAXAprilTaghIteliLl K Tagh3TEABH AT R TR Z
flrito

roslaunch apriltag_ros continuous_detection.launch
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E3.2.7 £MEREHApriTaghe I R

3.2.8 EEREHApriTagh I R

EMRApriTaglE E1NE, iB17 localize TR, WMEMERHTES, BTS2 Mtag bundlett
IRRZEINEEXR, RAGIONMFAMENEN FHRERERTFRAENEFERFRHO)NMENZ
A, HFEEN calib_extrinsic.yaml X{&,



frame_id: bundle_all

pose_wheel camera_right: [0.85776595366551245, -1.3297249786546665,
1.70759463357486, -0.0037461082991290216, 0.012662183501864755,
0.85994211722375269, -0.51022072753496184]

pose_wheel_camera_front: [3.4728684909554812, -0.73169474983827887,
0.92578770800106336, 0.32955744240001894, -0.6233047217244837,
0.62466249399100093, -0.33567824569915911]

pose_wheel_camera_left: [0.84327463846461403, -0.22055318829518084,
1.7250547956887143, 0.52043734275821096, -0.8538966208432508,
0.0017313909010818068, 0.0015923130339794826]

pose_wheel camera_rear: [-0.77796316183817105, -0.77092134403012258,
1.2366664981364999, -0.34863975481374709, 0.60202525692481423,
0.62964173407872581, -0.34578490148408281]

3.3 NBIRELER

RIRL w1 Qe D FIRTENLIRREN FIRER +FRXL (BIEEKFL) LARRIEBHERE T
0, EADRENIA THRBRRHTIRR,

HBITELRITRINT :
tuwe right = [0.857 —1.329 1.707)"

Que right = [—0.003  0.012 0.859 —0.510]"
twe front = [3-472  —0.731 0.925]"

Que front = [0.329 —0.623 0.624 —0.335]"
twe tofe = [0.843 —0.220 1.725]7

Que left = [0.520  —0.853 0.001 0.001]"

twe rear = [—0.778 —0.771 1.236]7
Que rear = [—0.348  0.602 0.629 —0.345]"

3.4 A BIRELERIT,

FIRANSIRELER, HESIMMEIREftag bundleZ [BMABIMAIZE, Sgroudtruthi#iTadtt, 3
NSATELERBITRBE T, WKR3.31FR.

K331 ASIRERE

RMSE_position RMSE_orientation NEES_position
camera_right 0.013m 0.25° 0.23%
camera_front 0.010m 0.28° 0.12%
camera_left 0.022m 0.50° 0.66%

camera_rear 0.007m 0.17° 0.19%
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