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Introduction Minimal 4-Point Algorithm

e Objective:

Given:
1. A calibrated multi-camera system, i.e. known intrinsics and extrin-
S1CS.

2. The vertical direction (roll and pitch angles from the IMU) of two
multi-camera system frames.

3. Image point correspondences between the two multi-camera system
frames.

Find: The relative pose between the two multi-camera system frames.

e Grobi - Our self-driving car equppied with a multi-camera system and
1'1race IMU.
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e Relative pose R and t of a multi-camera system can be solved from the
Generalized Epipolar Constraint defined in [1]:

T B

19 R

\——
Iiele,

[

B
0 lij =0 (1)

where Eqgc is the generalized essential matrix. [ <> !’ are point cor-
respondences represented as 6-vector Pliicker lines. FE = |t|« R is the
conventional essential matrix.

Existing Works and Their Limitations

e Linear algorithm |[1| requires 17-point correspondences and minimal 6-
point problem |2] gives 64 solutions, which are computationally expensive

for RANSAC.

e Practical large-scale results were shown from our previous works that used
the Ackermann (2-point) [3| and planarity (3-point) [4] motion models to
reduce computational complexity:.

e However, [3] and [4] cannot estimate the full 6-dof motion when the pla-
narity constraint is violated.

Relative Pose Estimation for a Multi-Camera System

with Known Vertical Direction

1. Apply Roll and Pitch Angles

e Transform the Plucker line correspondences [ <> I” with the absolute
roll (R, < R',) and pitch (R, < R’,) angles from the correspon-
dence frames.
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o [ <1 and EGC are the Plucker line correspondence and generalized
essential matrix atter the transtormation.

o B is made up of only a yaw }A%y angle and translation vector t of
the transformed relative motion.

2. Minimal Problem

e The task now is to solve for }?{y and ¢, which we write as:
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where ¢ = tan g and 6 is the yaw angle that make up }c{y

e Putting Eq. (3) into Eq. (2) and with 4-point correspondences, we
oget a system of four polynomial eqautions of the form:

@1?2:(]2 - a2£a;q - CLS??:B =+ a4£yq2 - a5£yq_|_
a6£y = a7£zq2 =+ a8£zq =+ &9?32 +- CL1OC]2 + ai14q + 12 = 0 (4)

where a1 to a2 are coefficients formed with [ < 1

e Apply the “Hidden Variable Resultant” method to get an 8 degree
univariate polynomial

A+ Bq¢"+C¢® + Dg¢° + E¢* + F¢° + G¢* + Hg+1=0 (5)

where A to I are known coeflicients formed from the coeflicients of
the system of polynomials.

e Eq. (5) gives up to 8 real solutions for ¢, and ¢ can be obtained from
back substitution.

3. Recover Relative Pose

e Finally, the relative pose R and ¢ can be recovered from undoing the
absolute roll and pitch transformation.

R=RTRTR,R,R,, t=RTRTt (6)
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e Fcc can be written as Eq. (7) which consists of 9 unique entries.
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e Replacing Ege from Eq. (2) with Eq. (7), we get
AE =0 (8)

where A is a 8 X 9 matrix formed with the eight Pliicker line correspon-
dences and £ = [e1, e, €3, €4, €5, €5, T1, T2, T3]1, with r3 = 1.

¢ Degenerate Case: Rank of A drops to 7 when there is no relative roll
and pitch = solution is no longer unqiue but given by a family of solutions

()\EAGC )\Ry -+ ,uI).

e We circumvent the ambiguity in the rotation matrix fiy by enforcing the
constraint |le|| = 1 on the elements of the essential matrix instead of
|€|| = 1 while minimizing AE using the SVD method.

e This is equivalent to solving

(ATA;': —I)Ace =0 (9)

where A, and A, are made up of the first six and last three columns of A
respectively, and AT is the pseudo-inverse of A,..

e An unique solution for e can be obtained by applying the SVD method
on the matrix (A, A+ — I)A..

Degenerate Case and Its Solution

Intra-Camera
Correspondence

Inter-Camera
Correspondence

e Scale cannot be estimated from the 4-point and 8-point algorithms when
the multi-camera system undergoes pure translation while having only
intra-camera correspondences.

e We use an additional inter-camera correspondence to circumvent the scale
problem in the degenerate case.

e Simulations

1. Comparison with other methods under pixel and IMU noise.
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2. Comparison with |2] under Ackermann violation in the z-axis.
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e Real-World Datasets
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