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MMoobbiillee  CCaalliibbrraattiioonn RRiigg aanndd  MMuullttiimmooddaall  CCaalliibbrraattiioonn
FFaabbiiaann  BBaallllyy,,  MMiicchhaaeell  SScchhööttzz,,  MMaarrttiinnaa  SScchhööllll  ((DDeeggggeennddoorrff  IInnssttiittuuttee  ooff  TTeecchhnnoollooggyy))

MMoottiivvaattiioonn

Autonomous systems and mobile robots rely on precise sensor fusion 
across heterogeneous modalities, including cameras, LiDARs, and 
IMUs, to perceive and interact with their environment reliably. The 
foundation of any such system is accurate calibration: intrinsic 
calibration corrects for optical imperfections of each camera, while 
extrinsic calibration establishes the precise geometric relationships 
between all sensors. Since mechanical vibrations, thermal expansion, 
and physical handling continuously shift sensor alignments during 
deployment, a one-time laboratory calibration cannot be assumed to 
remain valid in the field. This motivates the need for a mobile 
calibration rig that supports multimodal, multi-sensor calibration in a 
unified workflow, enabling fast and repeatable recalibration under real 
operating conditions and ensuring geometric consistency throughout 
the entire operational lifetime of the system.

MMuullttiimmooddaall  TTaarrggeettss

We introduce multimodal calibration targets designed for the joint 
calibration of cameras and LiDARs. Each target consists of a 600 x 
600 mm steel sheet featuring four circular holes at the corners and a 
central AprilTag. Prior work has demonstrated the value of designing 
targets that are simultaneously detectable across sensor modalities, 
avoiding the inconsistencies introduced by sequential pairwise 
calibration [1]. Dedicated ROS2 nodes process each sensor modality 
independently: for LiDARs, the circular holes are localized via a Hough 
Transform on reflected intensity images of extracted target proposals, 
while for cameras, the AprilTag provides accurate estimates of the 
target's position and orientation. Targets are tracked across sensor 
frames, where the AprilTag identifier serves as the tracking identity for 
camera detections, while anonymous target IDs are assigned for 
LiDAR detections.

MMuuttlliimmooddaall  oonnee--sshhoorrtt  ccaalliibbrraattiioonn  vviiaa  GGrraapphh  OOppttiimmiizzaattiioonn

The extrinsic calibration is formulated as a pose-graph optimization 
problem over a set of sensor poses and target poses defined in a 
shared world frame, following the graph-based multi-sensor 
calibration paradigm of [1] and [2]. Each observation of a target by a 
sensor introduces a relative-pose constraint, expressing the measured 
transform between the two as a factor in a nonlinear least-squares 
objective. Since the graph encodes only relative geometry, a gauge 

degree of freedom is resolved by anchoring one sensor pose to the 
world origin. The full objective is minimized jointly over all sensor and 
target poses using Levenberg-Marquardt optimization, which 
iteratively linearizes the nonlinear error terms on the Lie manifold 
SE(3). Since LiDAR detections produce anonymous target 
observations without global identifiers, a data association step 
enumerates candidate circular assignments over the spatially ordered 
target arrangement and selects the assignment that minimizes the 
global graph residual, subject to the constraint that all sensors remain 
mutually connected through shared target observations. After 
convergence, the residual error of each factor is distributed equally 
between its two incident nodes, yielding a per-node mean residual that 
localizes poorly calibrated sensors or targets without obscuring local 
inconsistencies within the global error sum.
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Figure 1: Multimodal targets for camera and LiDAR (© Deggendorf Institute of 
Technology) 

Figure 2: Pose graph for multimodal calibration (© Deggendorf Institute of Technology) 

Figure 3: Sensor Data Example (© Deggendorf Institute of Technology) 


