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Background
• Forensics 

• Describing wear :When time elapses between the crime and recovery of the 
shoe, the alignment process may be more difficult: identifying marks may have 
worn away, or new marks may have been acquired due to additional wear

• First need to Align the shoes 

• 3D and 2D Alignment
• 2D

• Edge Detection
• Landmark Alignment

• 3D
• Similar areas of research- paleontology, anthropology and medicine 



Data Collection
• EinScan Pro Plus scanner 

with Turntable
• size 10 men’s Saucony

Kinvara athletic shoe was
• scanned 6 times over the 

course of a 9-month period 
(June 2019 to March 2020)



Preprocessing 
• Transform the STL file to a 

mesh object
• The surface of the object as a 

set of triangles connected by 
common edges and shared 
vertices



Automated Alignment 



Barycenter alignment
• The first step in our alignment process 

was to make the original shoe and worn 
shoes share a similar point in 3D space.



Point Cloud Alignment
• Most statistical 

alignment tools are 
designed for a matrix of 
points
• Extract the vertices from 

the mesh object



Principal Component 
Alignment
• General PCA

• Step 1: Calculate the covariance matrix of data points.
• Step 2: Calculate eigen vectors and corresponding eigen values.
• Step 3: Sort the eigen vectors according to their eigen values in decreasing 

order

• This aligns the shoes by their eigen vectors up to a flip
• The alignment matrix produced by PCA is not unique, and may have a 

negative determinant (which "flips" the shoe scan inside-out). In this 
case, we need to multiply the pca-based alignment matrix by a vector 
( ±1, ±1, ±1)



Rotation Matrix
• Need to apply a rotation matrix 

1. rotation around the x-axis 180 
degrees

2. rotation around the y-axis 180 
degrees

3. rotation around the z-axis 180 
degrees

4. rotation around the x-axis 180 
degrees and the y-axis 180 degrees

5. rotation around the x-180 degrees 
and the z-axis 180 degrees

6. rotation around the y-axis 180 
degrees and the z-axis 180 degrees

7. rotation around the x-axis 180 
degrees and the y-axis 180 degrees 
and the z-axis 180 degrees

8. No rotation is needed

In order to choose which one of these 
matrices produces images which are most 
closely aligned, the first shoe scan in time is 
set as the base scan. Then each of the four 
matrices above was applied to the second 
scan, and the difference is measured.



Defining the difference 
using K-D Trees
• branch-and-bound search is performed to find the 

nearest neighbor to a query point in a 3-
dimensional point cloud.

• difference (x1 − x2) + (y1 − y2)+ (z1 − z2) is then 
reported for each of the points in the base scan.

• The number of differences is determined by the 
number of query points in the base scan: the 
number of vertices in the mesh object.

• With n differences, we summarize the total 
"distance" between the scans using the absolute 
average



Rotation matrix applied
• scan 1 and scan 3 
• the four matrices lead to the following 4 differences: 6.457, 

9.577, 9.215 and 2.394 
• Thus scan 3 is rotated using diag(−1,−1, 1) .



Iterative Closest Point 
Alignment



ICP applied to Scan 1 and 3 



Distance
• In order to get the final distance, the difference vectors are 

computed from scan A to scan B, and then from scan B to 
scan A.
• Once the vectors of differences for both scan A and scan B 

are computed, the absolute values of the differences are 
taken and the mean of the absolute values is computed 
give a final distance metric between the two shoes. 



Alignment Overtime



Average Surface Distance



Examples

1-2 2-5 3-4 4-5 5-6



Discussion
• Not consistent cropping of the stl files
• No consistent points that are not changing 
• Curvature of shoes


