
Supplementary

I. SUPPLEMENT EXPERIMENT

If our sensor suite is mounted on the vehicle toward the
ground, Yuan’s approach [4] will fail, and our method cannot
find a unique solution only using the data that observes the
parallel ground or the vertical planes. However, we can find
some inclined planes to calibrate. There are many scenes we
can find in our daily life, as shown in Fig. 1.

Fig. 1: The useful calibration scenes when the sensor suite
is mounted on the vehicle

We can also use the whiteboard to calibrate. Just place it
near the ground, as shown in Fig. 2. We simulate the situation
of mounting the sensor suite on the vehicle. We only move
the mobile platform parallel to the ground without changing
the relative transformation from sensor suite to the platform.
Seven pairs of images and point clouds are collected.

(a) Projection result (b) SfM result (c) Platform

(d) Front view (e) Top view (f) Left view

Fig. 2: Calibration data and result using whiteboard. To
clearly visualize the multiple planes’ points , we manually
cropped this plane out. In the extrinsic calibration, we used
the raw data

II. THE JACOBIAN OF THE LOSS FUNCTION

According to the chain rule, the jacobian matrix of the
residual function ek(Tci ,Tci ,T, s) is calculated by:
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The partial derivatives in camera pose estimation and the
extrinsic calibration are different. It is shown in the following
section.

A. The Partial Derivatives in Back Projection Function f
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B. The Partial Derivatives in Camera Pose Estimation
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C. The Partial Derivatives in Extrinsic Calibration
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Let pcj
k = [X,Y, Z]>, then εk = 1
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