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Motivation

» This paper addresses the incomplete information based IMU camera
calibration problem by exploiting the intrinsic restrictions among the
coordinate transformations

« Disadvantages of existing methods:

— Cannot deal with calibration with incomplete IMU information such
as just Roll and Pitch
— Analytical solutions are not given



Features of our method
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Framework of our method ()

The algorithms of camera-IMU calibration can be divided into two parts:
1. Recovery of Ry

Algorithm 1 Recovery of Rp

1: Input: Ra and four Euler angles 31, 32, v1, 72
2: Output: Rp
3: Begin

4: Calculate O; and P;, 1=1,2

5: Calculate T

6: Formulate Rp — yvaw (o )T

7:  Compute tr(R4) and '[I(Jé_g)

8: Solve a from Eq. (17)

9: Recover Rp = O Pl}rﬂw((rE)PgOE

End
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Framework of our method (ll)

2. Calculating R and LM optimization

(LBH,M,@, Va, R, f=1,2,...,m)
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Simulation & results

For comparison, the mean of the two e is regarded as the error of for each
pair since there are two measurements in each pair. The experimental
results are:

10f (@) [ 10} (b)
0.8 08 T
‘ mor of R ;‘ Emorof R |
06 } ror of z 06 Error of \
& =
5 F = ! ‘\
2 n4 | g 04
ol ¥ 8 !
‘ i * I
0:2f | . 1‘ 0 | |
VAYRF YRR WPy ! VU /N ped ] pe 11 & A
ol e WA ‘AIIL': 1 e AV |'!' . o LARRAN e\ o [ Botead SN L A
0 10 20 30 40 50 0 10 20 30 40 50
Index of measurement pair Index of measurement pair
(© (d)
0 I
Emor of R " ‘
04 5 0.10 Error of a | ‘
2 . @ [
5 Emorof R P "
5 03 e 5;3 ki ’
& E] \
g 02 @ 005t
= o | |
(&)
o1 A . | ort oA [
M [ ‘ 2 Y\ s (1AL [N l W ‘
A A A 2 NV DL A R LA 2
o LS ket Aled Sl ml N ael Raf W VL4 olaad ¥ Lo head b Ve ) Feby sl 4d™,
0 10 20 30 40 50 0 10 20 30 40 50
Index of measurement pair Index of measurement pair

Most errors of R are within the limits of 200 whereas a few errors are
relatively large which is not surprising due to the strong noise there. The
two curves generally followed the same trends. Inconsistencies of the two
curves may result from the error of R, or other computational errors



Simulation & results

The number of the measurements m is assigned from 1 to 50 in the cost
function. As a consequence, the LM algorithm is called 200 times in four
Gaussian noise environments. The experimental results are:
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It is seen that the error curves converge as m increases and the converged
error value is about the same as o



Simulation & results

To better tell how the errors of the estimates grow with the Gaussian noise,
we carried out experiments in 19 Gaussian noise environments with

standard derivations ranging from 0.002 to 0.02 using both the theoretical
method and LM optimization
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The average error of the theoretical method is about 50—100 and the error
of LM optimization is about o



Real experiments & results

Experiment setup:
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Result:

Real experiments & results
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