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Reprojection-Based AXB=YCZD Dual-Robot System
Calibration with Robot Pose Uncertainty Modeling
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Kunwoo Kim!, Hyungpil Moon'

Abstract: Conventional dual-robot calibration methods typically ignore uncertainty in robot-pose
measurements and suffer from degradation of calibration accuracy. To overcome these limitations, we
present a reprojection-based calibration framework for dual robotic systems that explicitly models
robot-pose uncertainty within the extended kinematic chain formulation AXB=YCZD. The method
jointly estimates the unknown transforms X, Y, and Z, as well as the robot poses. Simulations show
the proposed method consistently outperforms a Lie derivative-based method in calibration accuracy.
Furthermore, separately estimating the per-robot variance components significantly improves robot-
pose estimation accuracy, especially when their noise characteristics differ. Real-world experiments
using a Franka Research 3 dual-robot system validate the method’s practical applicability. Our
approach outperforms the Lie derivative-based baseline in translation, rotation and reprojection
accuracy on both training and test sets. These results confirm that modeling robot-pose uncertainty
enables robust dual-robot calibration.

Keywords: Dual-Robot Calibration, Hand-Eye Calibration, Reprojection-Based Optimization, Robot
Pose Uncertainty
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[Fig. 1] Dual-robot system AXB=YCZD -calibration chain.
Blue: known measurement data. Red: unknown parameters
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Algorithm 1: Parameter Estimation and Variance
Component Estimation

build observation vector £ (eq (4))
build parameter vector ) (eq (6))
choose group variances a2, (a2 1, 02,), (02 5,02,)

repeat
set 2 x(0)
build Qy; and set Py, < Qﬁl
repeat
Al — 1t — f(x)

build A « 0f/0x

solve (ATPyA)Az = ATPy AL
T+ Ax

until Az =~ 0

R« 1I- A(ATP”A)_lATP”
foreach g € {i,a1,t1,az2,t2} do

Iy < {Jj | group(j) =g}

g & e, Ry

- (A0)] Py 4(AL),

Tq

(73 — r}?,.yo‘
end

rebuild Qy; from {(13} and set Py « Q;zl
until Vg : 65, ~ 1.0

return & « x

[Fig. 2] Pseudocode for Gauss-Markov based parameter
estimation and variance component estimation

[Table 1] Summary of the parameter and VCE estimation procedure

Step Description

Construct the observation vector / and

Initialization .
the initial parameter vector x.

(Inner loop) Build weight matrices P, = @ * from
Parameter |the current group variances and perform
estimation |Gauss-Markov iterations to update the parameters
until Az is close to 0.

Variance
Component
Estimation

(Outer loop) Update group-wise variance components
using the residuals Al and the redundancy matrix 2

Check whether all variance components are close to
Convergence | 1. If not, repeat parameter estimation and variance
component estimation.
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[Table 3] Rigid transformation matrix of X, Y, Z

Parameter Rigid transformation matrix
0.991 —0.0561 —0.127 0.060
X 0.075 0.978 0.196 —0.04
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[Table 4] Ground truth and pre-calibrated intrinsics

Ground truth Pre-calibrated
c(mm) 8.4300 8.4303
k(m™?) 1000.00 999.92
s, (pm/pizel) 5.21000 5.20997
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[Fig. 3] Hand-eye calibration results with different amounts of
data. Blue: Initial value. Green: Lie based method. Orange:
proposed uncertainty aware dual method. Error bars indicate
95% confidence intervals
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