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What is 3D reconstruction?

Images from [SCD+01] and [GCS06].Sergey Arkhangelskiy , Ilya Muchnik Clustering in Registration of 3D Point Clouds
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What is 3D Point Cloud?

LIDARs (Light Detection and
ranging)

And consumer devices like
Microsoft Kinect

See the world as depth image.
In depth image every pixel represents distance from the camera to
the scene.
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What is 3D Point Cloud?

Sergey Arkhangelskiy , Ilya Muchnik Clustering in Registration of 3D Point Clouds



Introduction Proposed method Experimental results

What is 3D Point Cloud?
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What is 3D Point Cloud?
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Reconstruction from 3D point clouds

I We have partial views of an object.

I We want to merge them and get integrated representation.

I To integrate we are to find coordinate system transformations
to common coordinate frame for each cloud.
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Registering two point clouds

I Registering multiple point clouds can be reduced to
registering two clouds.

I Reconstruction(C1,C2) = C1 + C2

I Reconstruction(C1,C2,C3) = C3 + Reconstruction(C1,C2)
I ...

I For two clouds we have to find just one coordinate frame
transformation: T : C1 → C2

I How? - that’s the question.

+ =
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Looking for matches

I Match - pair of points [x , y ], x ∈ C , y ∈ D.

I We say match is correct if both points are images of the
same scene point.

I The hardest part of reconstruction problem is extracting the
subset of correct matches.

I Number of all matches is N1 · N2 (N1 = |C |, N2 = |D|).

I We propose the clustering-based method for this.

I To compute transformation for given correct matches M0 we
solve least-squares problem.∑

[xi ,yi ]∈M0

||Txi − yi ||2 → min
T
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Local point descriptor. Spin images [JH99].

In every point we build cylinder
of fixed radius and height.

x
n̄

r

h

We compute histogram for
number of nearest points in each
ring.

r

h

This histogram represents the surface in the neighborhood of x
and can be written as a vector.
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Descriptor-based matching

I For every x ∈ C find k points from D with the closest
descriptors (k is an external parameter). We obtain k · N1

matches.

I For every y ∈ D find k closest (in descriptor space) points
from C . It gives k · N2 more matches.

I Intersect these sets. Now we have less than k ·min(N1,N2)
matches.
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Descriptor-based matching

Some of them are still mismatches

[CCFM08]
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Geometric consistency of matches.

Suppose [x1, y1] and [x2, y2] are ”correct” matches. It means there
are points z1 and z2 on scene surface that

x1 = Txz1, x2 = Txz2,
y1 = Tyz1, y2 = Tyz2,

where Tx and Ty are (unknown) rigid transformations mapping
object coordinate frame to the cloud frames.
Then

||x1 − x2|| = ||z1 − z2|| = ||y1 − y2||

Sergey Arkhangelskiy , Ilya Muchnik Clustering in Registration of 3D Point Clouds



Introduction Proposed method Experimental results

Inconsistency function

Let α = [xα, yα] and β = [xβ, yβ] be matches. The inconsistency
function w(α, β):

w(α, β) = 1−
min {||xα − xβ|| , ||yα − yβ||}
max {||xα − xβ|| , ||yα − yβ||}

xβ

xα

C D

yβ

yα

β

α

dC
dD

w(α, β) = min(dC ,dD)
max(dC ,dD)
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Inconsistency function properties

I w(α, α) = 0

I w(α, β) = w(β, α)

I ...
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Inconsistency function properties

I w(α, α) = 0

I w(α, β) = w(β, α)

I No triangle inequality,
w(α, β) = 0, w(β, γ) = 0, w(α, γ) = 1
w(α, β) + w(β, γ) < w(α, γ)

t

t

xα, xγ

xβ

t t t
yα yβ yγ
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Geometric consistency of the matches

But the good news is that if [x1, y1], . . . , [xn, yn] are good matches,
then

w([xi , yi ], [xj , yj ])� 1

for all i and j .

That gives us clue to setting up clustering problem...

Sergey Arkhangelskiy , Ilya Muchnik Clustering in Registration of 3D Point Clouds



Introduction Proposed method Experimental results

Matches graph.

We define special undirected graph G = 〈V ,E 〉
I Nodes set V = matches set M,

I All nodes are connected: E = V × V ,

I All edges are weighted with w(α, β).

Looking for a sparse subgraph 〈V ′,E ′〉
I V ′ ⊆ V ,

I E ′ = V ′ × V ′,

I All the edge weights are small w(α, β)� 1.

We can consider this as single cluster clustering problem.
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Layered clusters [MM02]

For α ∈ M, H ⊆ M we define

π(α,H) =
∑
β∈H

w(α, β)

We build the subsets and elements sequences {Hi}, {αi}:

H0 = M,
αi = max

α∈Hi−1

π(α,Hi−1),

Hi = Hi−1 \ {αi}.

The biggest Hi that has average distance between nodes less than
given threshold ∆ is considered as the final set of matches.∑

α,β∈Hi

w(α, β) < ∆ · |Hi | · (|Hi | − 1)
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Experimental results

Experiment #1

I We take one depth image of Armadillo model [Sta11].

I For a noise parameter a ∈ [0, 0.29] we generate noised model.
Gaussian noise with deviation a · δ added to each coordinate
of every point. δ is median distance between neighboring
points - model resolution parameter.

I Rotate and shift the model randomly.

I Register original and modified models.

I Measure RMS error (root means square, 1
n

∑
||Txi − yy ||2),

rotation and shift error.

I Compare with RANSAC (Random Sample Consensus)
registration [FB81].
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Experimental results

RMS error (mm) for our method and RANSAC-based method
on different noise levels.
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Experimental results

Rotation error (grad) for our method and RANSAC-based method
on different noise levels.
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Experimental results

Translation error (mm) for our method and RANSAC-based
method
on different noise levels.
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Experimental results

Experiment #2

I Fix noise parameter a = 0.15.

I Add noise and random transformation to the model.

I For k ∈ {1, . . . , 7} (number of closest descriptors) register
noised and original model.

I Measure RMS, rotation and shift errors.
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Experimental results.Proposed method performance for
different k .

Proposed method performance for different k values.
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Results

I Special graph representation of point clouds matches was
proposed.

I The problem of extracting correct matches was reduced to
single cluster clustering problem on this graph.

I Layered clusters method was applied to this problem.

I Performance and stability of the proposed technique is better
or comparable to state-of-arts registration methods.
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Future work and research directions

I More experiments to understand the parameters influence.

I Theoretical statements, i.e. what properties of extracted
cluster guarantee correct registration.

I Examine other clustering procedures, e.g. k-means.

I Simultaneous registration of several point clouds.

I Registering images.
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Questions

Thank you for your attention.

Questions?

mc.vertix@gmail.com
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