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https://github.com/zengxiong111/Foundation_of_Embodied_AI/blob/main/README.zh-CN.md
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https://zengxiong111.github.io/zengxiong.github.io/files/Robot_Camera_Calibration_Tutorial_ZH.pdf

FOUNDATION OF EMBODIED AI

COURSE NOTES

—. HIPbER 225 Mg
HERE

BRSRE FEHAAR R EEEYIAIE

TEHLES A, “HVbRE” DOURIHHEAYINS, ORI, HLE AR [R5 (R A 5 R

FrE 2 LR FEHM W
AN SIRE Intrinsic Calibration UG L SR A 2D-3D . PnP. 6D Pose
HEINSIRE Extrinsic Calibration WE NN S5 2L HLESAINE, ZS[EEN
FHRbRE Hand-Eye Calibration T AL A it/ 18 2 [ EXT R Il FeR /1 E AR AR E

PRAE
ZHNIRE Multi-Camera Calibration e Z ML IR A 7 22 RS, 2R
HREAENURE RGB-D / Depth Calibration % RGB-Depth MFHIERER R, =4EEfs

-4
IS EIFRAE Temporal Calibration MFEG, RIRSEERSRN B AR

151

52 mYMEXHIEE PLEs Nigah#nE (kinematic calibration) 1 #HL-IMU $#& (camera-IMU calibration).
FHHEXSr: RealSense HHLER BAH) N, 223 Tron2 LG, hHEEHIEHVAEY FALES N IBsh25ErA B EEmE,

XEFAEENARE = G, LSRR e A AR O J2 B 5 9 A AR ALY

— RS S BhR R

2.1 R R Y

e A B
w World frame ST BT R
B Base frame HLEF NFEBE PR
G Gripper/end-effector frame  HUME RIfALIRR
C Camera optical frame A EAE AL bR 22
o} Object frame VAR
T Target frame PREMRAEIRER
DU GE— R FH BRI 77 160 7E S
ARp M
A T, — B B
Prlo

FOREAE B hERIBIIRBRREBONTE A hRISIARRR. HiEks R € SO(3), Tt e R?, FRNIALEH T € SE(3).
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FOUNDATION OF EMBODIED AI COURSE NOTES

= HYERIBIFT IR AR 2

Pa="Tspp.
KIFSH SN 35009
BT, = (4Tp)™ !, ATy = AT BT,

{54 FoundationPose fFEIATEARNIIINLL OT,, I SEEYRLEE R Ag, M

MHBRE R HESS 2 —, sURIKBUESS RN BT,

2.2 HLa NAEbRF SHIL Optical Frame
ROS # &% (REP 103) 41R:

B PLESABUEERRR  AIPDEZBERR
X i EBhH

Y & BB

z t HHENLATTS

[Kit, camera link f—@E% AT camera_optical frame, MEZEHHAUALIRZRZ] optical frame, JHH A —EXIEH
TENERE . AEEEAT OpenCV il FIE E AR Y TEN LA AHURAEFREEH, 2% ROS REP 103,

=. HUMZtE (Intrinsic Calibration)

3.1 FIBURE R R 25
BAREHLEAIT, NS

fo 0 ¢
K=10 fy yl -
0 0 1

Hep f,, f, RUBENBMHIEER, c,,c, BT (principal point), X EAERZZRAEYIALR (XY, Z):

X Y
u:fxf—’—cw’ U:fy§+cy'

HSAHNIE A B3k 4E, OpenCV HH W HBHURALY

D = [ky, kg, p1,pas ks,

RIS E o AR R AR AT D)W AL 0 AR B Sk TR AR I ) L A
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https://www.ros.org/reps/rep-0103.html

FOUNDATION OF EMBODIED AI COURSE NOTES

3.2 WEBATHAM?

15— ZHABBEIEIG. STHEVBRERET pe = (XY, 2), FIH K HREHGERCE (u,v), ATk, S5 U
PRI E—E SRR BRI 5T,

f£55—: RGB-D x#i%. CHIERLBRER (u,v) LMECFHRE Z, KE

bc = (U_Cy)Z/fy
Z

ARG R AR AL I g, RS R R e ER A REGE R WARIRE R E X578 RGB &, WIE AN 5 5 B R A
AL,

1£55=: 6D fii#fliit. PnP. FoundationPose, MegaPose fl#T CAD HMAERERHEHANS, R UEHEE RGB B
I —MER, TCERMZREIZ S LR R

3.3 PRI

b b (9= RS JURIIE
Checkerboard (Bi#t#%) FERE R, AR T RS THTA A ERNSIRE
ArUco / AprilTag gtaill, A ID HAPRICH B PEREN PaP. REEIRER
ChArUco BEEA A + ID, IR ERIIERYS  FTEMRIA RO R E R TR mRENZ, FIRRE

T E @A AL, RS ChArUco; ] AR E RIS, OpenCV 1 ArUco/ChArUco 157 fRBERRARIIR
Bl

3.4 NS bR Lbninifs
1. FERRERL, BI40 7x5 757489 ChArUco AR, 75#i2K 30 mm. ARCIHIEK 20 mm; X RERE], FTELLFIEE IR
RF, BEEENIEEAR L, B,
2. REREBR, DL 20-40 3KIEMT, GREGIENPHIEEIRE; IR ERBEIER O LM, BEARES., MRl amRE,
[EE R AR, BRI At O BRI
3. falifxi. A cv2. findChessboardCornersSB() st ChArUco # . HifR 2D-3D fmZR5 MM,
4. NS 5%, RASWEIIES. K. D, f/MEEREERE:

) 2
K,Dr,l}anj’tj} ; lpsj — (K, D, R; P; + tj)”z '
5. MOAIGUE, BH RMS ERGPIRZE, BBSXEIEE, ZMEENES, DUERHTIRERNER. £90.3-0.5 px Al PAE
NEFREINENSHEIEE, AANEATEYER, SEESSEMI A1, MARRERIEMIRE,

Y. P (Extrinsic Calibration)

4.1 SRR 22

MHLAZEE “=4ErBREEGERIEG”; SM2EE “WPRD A28 bR R, X T Tron2 SkERMEML, — SR AR
N

BT:
© 0o 1

BRC Btcl
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https://docs.opencv.org/4.x/df/d4a/tutorial_charuco_detection.html
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4.2 CHIBRERDIZEN : PoP + A bkt
4N SR B G M EIE bR E BN B NSRRI AL BTy, @I AENLN S RIEIG MR, PoP Alf&it OT,, T2

BTT — BTC CTT7

NI

BTy = BTp(CTp) ™t

JHRP R EEARENR; B NRLE B IARE P T, KB R B sOFIE4T PaP; TR BT, MM
TRIIE

import cv2
import numpy as np

# Nx3 BUREIR=4MAS, B m

object points = np.asarray(..., dtype=np.float64)
# XMEHY Nx2 BEgAs, 24 pixel

image points = np.asarray(..., dtype=np.float64)
K = np.asarray(..., dtype=np.float64)

dist = np.asarray(..., dtype=np.float64)

ok, rvec, tvec = cv2.solvePnP(

object points, image points, K, dist
)
if not ok:

raise RuntimeError("PnP failed")

, _ = cv2.Rodrigues(rvec)

= np.eye(4)

:3, :31 =R

:3, 3] = tvec.reshape(3)

# WIKREMINE, MAREZRIR

TBT=np.asarray(..., dtype=np.float64)
TBC=TBTG@np.linalg.inv(T C T)
print(T_B_C)

JiliEE: solvePnP R ZEFRERSIMIBLGZ B O T, TREM,
B A SRbREAR R R R IE AR b, BARNE BT, —skEUGIEE R E MRS BT, ; A al R R — 5 1 FRRE,

fi.. FiRf»E (Hand-Eye Calibration)

5.1 PR WA R
iH Eye-in-Hand Eye-to-Hand
LiEEN LEATHIRANR N, FEHREIZ3)  [EE TR/ PR
FREMR T EEET =T 1A [ A A Ui
HRRAE 9T, BT,
L& fi# RGB / RGB-D #H#l SR/ THANAERL

TR, nlBE yaw/pitch #3i) Tron2 LML, FHAR™HE L EMEE Eye-to-Hand HIHL; HEEFE = 6 LS E N N0
IHALEE,
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FOUNDATION OF EMBODIED AI COURSE NOTES

5.2 Eye-in-Hand: JiiiAH#L
THRMBEEE O T MAREREEIER L, IKAHIREBIRREE, Fridst:

. HILBA PK 5% TF {3 5RISFER R FROR BT,
« HI PnP BEIRERTERNLAIRIL O T,

EOPREMRAE, H

BTG,i GTC CTT,i = BTT'
R RAHT) AX = XB FIRFEMS, Hf X = T, BEUSZMERNEREIZ); Baif="177mF, =
RGEF—TeFs s sh, @R AFE 2R A,

RFERI: MZY 20-30 DA E AR AR ESTTR, WRRERAIIL, XTIRSSEGBED, HEREASEIRBEAR, %
PR LA UMSE AR R 2

OpenCV 4% Tsai, Park, Horaud, Andreff. Daniilidis Z3Rfi#i%1i; % calibrateHandEye,

5.3 Eye-to-Hand: FEIEHIML. Adibie it
BAERNLEEAERSE, AREMRAIMEZATEN LS AR, SRS 2

BTG,i GTT = BTC CTT,i'

HAMENIOEE BT, FIARM—bRERME O T, HEERA R, BELHEER BT, MR FEAEbRE RS S L
LERSEDACH

F: #ifcv2.calibrateHandEye () fif Eye-to-Hand B, HLE§ ARCEMIAREHLN CTy = (BT,) ™, SREWRAEEN
BN CTn; WA AN BT, B Eye-in-Hand (% A\ AT RE XS RS IR 077 ],
75 Tron2 kiS5 Wi HHHLAYH k1

6.1 W EEA ST HL
TEX H JEa s R R ANRR, C), JKEENESIRR, g, FKIBRT M, N

BTch (an) = BTH(%) HTch~
« BTy (q)): SKERBEhFARIASET I UUE A2 e
« OT¢, + MINIZERESIRPUE I A, 7 BEh i s i
#7715 8 ChArUco AREIEFE ST ; REL A yaw/pitch BB f; B FK 3R BTy, B PnP kK “n T, FIH
Eye-in-Hand MK 7T, 5 Ba FREIGESRIE,
yaw/pitch e A HHEZ N
TREMIBBHIT K R, (q,) R, (q,) FERMERTTHLZ BT, R 5B A NI A AL e

BTCh = BTY TY(qy) YTP TP(qp) PTch-

Hep YT, 0% yaw, pitch fi I EE e AR, fLJei%a URDF BT origin, axis, WRIMNE/ =12
NFAGARGNEwME, FIBIERY RIS A EREERTHRE N EES PIRE,

Xt SR E SR HIRLZ TSRS, mJelEE = A BTN —HERBE—MHNE, HEPY REISIS LA,

Teaching notes - CC BY 4.0 6


https://docs.opencv.org/4.x/d9/d0c/group__calib3d.html

FOUNDATION OF EMBODIED AI COURSE NOTES

6.2 JhEiRFHHL
EX O, AT, g, AHURET f, W

BTCw (¢.) = PTc(q,) GTCw'

Forh BT, (q,) KB FK, CT, M Bye-in-Hand bz, EWAINZEME wrist Link MARRFIBA¥IER0 G AR5, B
{68 ) — BB P E AL & 2,

6.3 SLERHIHLS BER B 1Al 2 it
—HN A YA A NP A 28, ] DATHER

Cn Tc, (BTC, )~ BTC“,'

Ritt, AR — R B 5 A BRE; (BB S F SRR RIS 5h 5 51280 00— B DY ATE R A 11
HTF RIS ERERIEE, OnTe BHARHE
‘L. RGB-D {RERHLbE 50 5T

7.1 B PIERAEbR R

D435, D455 % RGB-D &#51@H & RGB. EALINREERFRKDEALIRR. RGB 5 Depth KPDEEHLIEHE NEREA,
IR 5 2 CARE Y

Cig
Cepth

RealSense SDK —REMSILBUANLIL FRE NS, IMSHIRERE, @5 CBBOFRIERTR,

7.2 RGB BRFIWIHN =4
AR

| Detect pixel (u,v) |
[ Align depth to RGB ]

Read depth Z

Deproject using intrinsics |

Transform using T_B_C j

2R 2R 2R R AN

(
[ Point p_C in optical camera frame ]
(
(

Point p_B in robot base frame ]

£ RealSense SDK H, W5¥5REHI—RBEIG0T:

import pyrealsense2 as rs
import numpy as np

pipeline = rs.pipeline()

config = rs.config()

config.enable stream(rs.stream.depth)
config.enable stream(rs.stream.color)
pipeline.start(config)

Teaching notes - CC BY 4.0 7



FOUNDATION OF EMBODIED AI COURSE NOTES

align = rs.align(rs.stream.color)

try:
frames = pipeline.wait for frames()
aligned = align.process(frames)

depth = aligned.get depth frame()
color = aligned.get color frame()
if not depth or not color:
raise RuntimeError("Missing RGB-D frame")

u, v = 320, 240 # THHEE, TREEGAR
z = depth.get distance(u, v) # X
if z <= 0:

raise RuntimeError("Invalid depth")

intr = depth.profile.as video stream profile().get intrinsics()
point C = rs.rs2 _deproject_pixel to_point(
intr, [float(u), float(v)], z
)
print("Point in camera optical frame:", point C)
finally:
pipeline.stop()

Wt 5 ] C 28 BRI 2 e A 46 -

point C h = np.r_[np.asarray(point C), 1.0]
point B h = T B C @ point_ C h
print("Point in base frame:", point B h[:3])

XELTER T “RGB B3R — MHNL=4E — Hlas NEE=4E R,

7.3 TRIEHILTR R bR 12
SERIANH BRI SCPRREL, FORE R S TR &R EETIR T, A

LR Hir

RGB % fRIE RGB &R L

Depth W& TRUETRIE AL ET

RGB-Depth 4% TRUER ST

IR R LR BN IETA

HAR LIFREESACRIREREE  HRORITEE RS T 52

HHL—HLEs A2 WPRILYE s RE LE I AT AR FR 2R

T B JJEM KSR, BEERIRESH, BEHEIMZRE/ OEFRE, BN —Efld ENRENSRR, &
#: RealSense SDK,

J\. OpenCV 5B TFHRbrE Y

8.1 sk
HNERICRAEICELN 4x4 TR, FF AR — I [A] s % R :

' base T gripper.npy  shape = (N, 4, 4)
\ camera T target.npy shape (N, 4, 4)

B BIFEIR BT M1 O T, FRESRAAK, (RIFHIRERE R ekt B2, fTHIRLYET 1, RIT%T [0, 0, 0, 1],

Teaching notes - CC BY 4.0 8


https://github.com/realsenseai/librealsense
https://github.com/realsenseai/librealsense
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8.2 i—3¢#¥ Eye-in-Hand / Eye-to-Hand

import cv2
import numpy as np

# 7B T_G : #MEBEAXKE -> HSBFAERE
T B G = np.load("base T gripper.npy")
# °CT_T @ iFER -> MENEFELITR
T CT = np.load("camera T target.npy")

assert T B G.shape == T _C T.shape
assert T B G.ndim == 3 and T_B G.shape[l:] == (4, 4)
assert len(T_B G) >= 3

mode = "eye in hand" # = "eye to hand"

if mode == "eye in hand":
robot poses = T B G
elif mode == "eye to hand":
robot poses = np.linalg.inv(T_B G)
else:
raise ValueError("Unknown calibration mode")

R robot = [T[:3, :3] for T in robot poses]
t robot = [T[:3, 3] for T in robot poses]
R target = [T[:3, :3] for T in T C T]
t target = [T[:3, 3] for T in T C T]

R, t = cv2.calibrateHandEye(
R robot, t robot, R target, t target,
method=cv2.CALIB HAND EYE PARK

X = np.eye(4)
X[:3, :3] =R
X[:3, 3] = t.reshape(3)

if mode == "eye in hand":

print("~G T _C (gripper <- camera):")
else:

print("~B T_C (base <- camera):")
print(X)

np.save("handeye result.npy", X)

BORBIE RO, BLREERC TSR, KBEIBEER Sy, HEMES LRSS, H N
fRcamera_T_target AKX EFHPIVERRTAE camera_link,

8.3 b & Rk
Eye-in-Hand: X&—4RFEHE

7 _B G C
Tpr;="Tq; Tc" Ty,

MR ERRENERE, BT Tpp; R,
Eye-to-Hand: X&—4RFEIHE

Ter, = (BTG,i)il BTe CTT,i'

WEARE R R IEAR, FTE T, MAHEEE,

Teaching notes - CC BY 4.0 9
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SRR AR B AR IR R BERRAIRE, THREARSIEIE BZSMMNZINL, mAER BIREREIER S “EAZ7,

Ju. ROS 2 "Higbe THGIEA R/

9.1 MR
TH YikE
camera_calibration BT HSSIAENN SR E
image pipeline Eg LRI E
tf2 IR YNE T =i
robot_state_publisher i URDF #MI¥5 k7 TF
easy handeye?2 ROS 2 FHRbRE TIER
Movelt Calibration FHRfRE GUI
Kalibr ZANL/AENL-IMU K ZSthRE
9.2 HHLNSHRE
TESCFE ROS 2 BAThRH:

sudo apt install \
ros-${R0S DISTRO}-camera-calibration \
ros-${R0S_DISTRO}-image-pipeline

ros2 topic list

fBI%AHML Topic 4/ camera/image raw, /camera/camera_info, m[igf7:

ros2 run camera calibration cameracalibrator \
--size 8x6 \
--square 0.025 \
image:=/camera/image raw \
camera:=/camera

IXH 8x6 ZPHMAEL, 0.025 RoRTTEIEEKN 0.025 m; SKFRSELGIRER— FRMENIXENH Topic £ FRATRER
[, 2% image_pipeline,

9.3 ROS 2 FlRknx
A]2% easy_handeye2 3¢ Movelt Calibration, HH T{Ef/E:

1. ROS %A/l AAI TF;

2. K H AR & A bR i TF;

3. EZPHLESNEE T RIS

4. 1%%% Eye-in-Hand / Eye-to-Hand;
5. HHE, WIEHREFFIRGR;

6. K& RIEANLE A URDF/TF [,

TR ER, OpenCV Python MIAEH C R, REMEAIBNLIER, ROS THEAFTIRHEL,

H

+. FhRESSS A ROS TF2 / URDF

Teaching notes - CC BY 4.0 10


https://github.com/ros-perception/image_pipeline
https://github.com/marcoesposito1988/easy_handeye2
https://github.com/marco-faroni/moveit2_calibration

FOUNDATION OF EMBODIED AI COURSE NOTES

10.1 HEFM TF 4584
PARBORG, BREERE 45 DA Tron2 URDF Jyift:

base_link
b— arm_link 1
| = ...
| L— wrist link
| L— wrist _camera_link
| L— wrist camera optical frame
L— head yaw link
L— head pitch link
L— head camera_link
L— head _camera_optical frame

FAMLIETE 2242 502 B 5 IR/ Sk RS T BB FK 20T

@RD@ + [ joint_states j + [ robot_state_publisher ]

+

[ calibrated camera mount ]

[ Base-to-camera transform j

10.2 §F&A S KA
THE A ER Sk VRGO MAURE, F2 Tron2 bR HuR:

\ ros2 run tf2 ros static transform publisher \
| --x 0.03 --y 0.00 --z 0.08 \

. --qx 0 --qy 0 --qz 0 --qw 1\

. --frame-id wrist_link \

\ --child-frame-id wrist camera optical frame

TR RO RIR R — 2 B PU i, #4E#HC i1 URDF + robot_state publisher %ffi, TZEEHEE KA
HFEIRF TF 34,

10.3 ah& TF K&

ros2 run tf2 ros tf2 echo \
base link wrist camera optical frame

ros2 run tf2 ros tf2 echo \
base link head camera optical frame

WA AR TTIBENIN, AU T2 B A AR R B 5, RN AYEIR, &l TF A8 EIGIN R, w2 X i
HGIRINS S R/

+— HIUbRE AT ABLER N 5 S

Teaching notes - CC BY 4.0 11



FOUNDATION OF EMBODIED AI COURSE NOTES

11.1 YA 6D HrZAG TS B HNERL
{E1% FoundationPose M3k RGB-D {82 716 % n Ty, A4

BTy = BTC,L (qn) “n T
g

— [ Object pose estimation |

. [GT0

— [ Calibrated "BT_C |

~BT0

— | Grasp/task planning |

— [ IK/motion control |
—+ [ Real robot | + [ feedback |

X M BEAG T B 22 SAE1MS R 25, B 6D Pose Estimator fRUE, $5IRM19 BT, Wik HFRERE RS WL,

11.2 Biffi%:3]5 VLA
EfERTRELL TCP ¥ & a, = ATrcp, BEXRTIFH ay = gy g ToTo A BB SEIR TS

115

RGB F|5¢1 a2 B m 21T 0 i
RGB + proprioception [ 2 S
B BRGRERE =LA AR
AT B LS A SE(3) Bl
EZEhINE: 3 T
PIE/BEAUEHL L 57

FoundationPose + IK

HRERANS

|
f f

Exl
]

ELE O

b ke o

U2 VLA a] DARSGAE SI0E —shEmt, (EER, SR LASCEREE A I TSl BEPLas ANIEEI7 TR, AT [\
N FHE RIS, BC/ACT MREBEHREF %], SAM/Foundation 2%, INFIEIS KERMKE WAL RS 1T,

11.3 58fk%% 35 Sim-to-Real
L SR IE AT LS RY
a; = (1, q;).

HITESENEEAE, A, N2 BEY/4EB0TAARR, @5 iwis. AL :

Ksim ~ K,

real?

B ~ B
TC,sim ~ TC,real'

2 G I E YIRS W5 A3 bR IR ZE 6 Camera Domain Randomization, 14

5t~ N(0,%,), 60~ N(0,Sp).

Teaching notes - CC BY 4.0 12


https://zengxiong111.github.io/zengxiong.github.io/files/Data_Imitation_Learning_ZH.md
https://zengxiong111.github.io/zengxiong.github.io/files/Visual_State_Estimation_ZH.md

FOUNDATION OF EMBODIED AI COURSE NOTES

REHLIEI TR B AEPE, AR AT REHERMAISEREbRE o

11.4 BUSEPABREH S I R
RS ARG, DS SE(3) Rrgins:

e = Log((Té)’lTovt) .

(ESEI LB ARSI UG T LSS, IEEEINTINGT. AR AL b, NAERE—RZIAISAIRS T

BT (t

image) ’

TASERER = AT R Las N2, sl R SKER/ s A LT it

1= bvERE SR RIE
ARG ERR, LR 5 55 R R

RIEER  REkER Hi
E&Z B RMS / 5310 KENZSE R A R
JUR AR, Bk ik A IS5 TFIREH

152 =qEEfriRE, BRIhR KRERENSAAHRRS

12.1 EHEGEIRE
K A p, SEEETN p, Z FIBRERIRZEN

e; = |p; — Dill2s

HRMS

F{%BIGEIREFREEEER TS A RIHRZRFIRE,
12.2 =4 fiiize
W ESAE CANINELR ply, HEBRAAS T Dy

€p = 125 — P52

DA TS EAL, A%, TREE, RNRWETTE, PARE yaw/pitch B3, RLE—HaREMREEHAR, NI
Jeke LRI, BRI, I R R D AR 2 A

12.3 SZPRNELIA
A PAKGZ TCP M) EARA B IR 2

Cgrasp — ”pTCP,actual - pTCP,target”Q

Teaching notes - CC BY 4.0 13



FOUNDATION OF EMBODIED AI

COURSE NOTES

IR TINENR, EEM, ERESIRENEIREREN, BERIXEERIERE] FK, K, UTd. TCP JUAFY AL
ZAETHRISE R IR AR LR E R

+=. WIS HEE

mg AIRERR #7575

EEANITAC LN LY ES ISR 2 W& BT,

RZEEREAL AN VSN S EIaEh IR E ZRTRSRIE
SKERRRL f5 A% yaw/pitch il 5 {mFE B HER K2 URDF/SCFRHIAL

TR FIRARE AR E BRI B A B, BIREEE
R PR HERE, ROCBUIRE B M EHEE

RGB S5iRE KA X T BT AY A R K2 alignment fIAZS

B &7 mSHlas AT A —E optical frame & i 2s TF AL bRl

WA NBEIINFRE BREZER
THIEH. HEHURIK

Pl 5 2 TR — 54
HIHUET 1 B HE gap

EiEOENZIR TF
I BIR IR S AT

FHRERAERI R R LRT RIS 83BN — SFRRE — FIRHCSR BRI MALES AR — BRAFHEAR, IXAERT DARV 12301

R, I T i 2 B A S o T A M

0, HERETIR RS BT BOR

TH B il Y

OpenCV W%, PnP. FHRbRE REESR

ROS image_pipeline ROS N2 K g AL B ffiF ROS W#EFE
easy_handeye2 ROS 2 FHRIRE AT RIES TR
Movelt Calibration GUI FRiE it T AT 22 BN
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https://docs.opencv.org/4.x/
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https://github.com/marcoesposito1988/easy_handeye2
https://github.com/marco-faroni/moveit2_calibration
https://github.com/ethz-asl/kalibr
https://github.com/realsenseai/librealsense
https://www.ros.org/reps/rep-0103.html
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