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Background

Orthopaedic surgeries are time intensive and require multiple images to ensure
correct placement and direction of tools

Research has been done to create a manual calibration algorithm, that creates an
intra-operative mixed-reality visualization

Minimizes: Time, X-ray images, Radiation Dosage, Task load
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Objective

Automate the calibration process between CBCT scanner and RGBD camera.
Create standalone program with minimal dependencies.

Manual Calibration Steps:

CBCT and RGBD Data Pre-processing - Done in ImFusion SDK
KinFu generates the surface and export as point clouds
Segmentation on CBCT and export meshes

Mesh Pre-processing- Done in MeshLab
Create improved phantom
Extract the useful point clouds in KinFu and MeshLab

Point Cloud Matching - Done in PCL
Transform the point clouds to PCL pcd format
FPFH for initialization, ICP for registration
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Deliverables

e Minimum: (COMPLETED: 03/04/2016)
o Mentor meetings

o Understand manual calibration
o Develop automated calibration
o Automated Matching of CBCT-RGBD

e Expected: (IN PROGRESS: 04/15/2016)
o Automated CBCT Data Pre-processing

o Automated RGBD Data Pre-processing
o RGBD and CBCT Point Cloud Processing

e Maximum: (04/29/2016)
o Research improved algorithm

o Present Implementation

o Implement (Not sure if will achieve, but hopeful)
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Completed Milestones - Matching

Objective: Create an automated algorithm in PCL to take a post-processed CBCT
and RGBD point cloud and complete registration

e Created a GUI to run this process (on next slide)

e GUI Inputs:
o CBCT PLY File Input (Processed Point Cloud)
o RGBD PLY File Input (Processed Point Cloud)
o Convergence Criteria:
m Max lterations
m Error
m Distance between subsequent errors

e Outputs timestamped file with registration
o P_RGBD=F*P_CBCT
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Screenshot

N @ ICP doms @ & ¢ phase3_basic
Mesh Matching
Convert cbct.ply to .pcd Convert depth.ply to .pcd
) New Template Existing Template

PCL Template Matching

Error Distance Current StdError Iterations
0.00010 . 1.000 . 100 |.
ICP iterations =0 -
White: Template point cloud
Green: Tatget point cloud
Red: ICP point cloud Quit

P———————(

Background Objective Deliverables Milestones Challenges Timeline




Mathematical Approach - Convergence

e Runs existing matching algorithm given by Sing Chun and Bernhard
CREATED: Automated convergence criteria
o Was previously a manual step-by-step ICP

e Converge ICP on:
o Fitness Score (sum of squared errors)
o Asymptote
o Reach max iterations

e Issue: Unequal point clouds and outliers - PCL Nearest Neighbor

. - , 2
Fitness = x, (Pt;:ﬁ:::*r —PH(;BU)

matched points

P _CBCT = 3D CBCT point on mesh
P_RGBD = 3D RGBD point on mesh
Matched using PCL KD-Tree
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Comparison of Nearest Neighbor Squared Distance
between RGBD and Transformed CBCT
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Completed Milestones - CBCT Data Pre-
Processing

Objective: Take DICOM Data and make point cloud with high intensity inputs

Combine into a single file object using ITK
Normalize the intensity data (next slides)
Threshold to remove unwanted data (next slides)
Save into an output a file that can be read by PCL

GUI Inputs:
o DICOM Folder
o Threshold Range (Will explain on next slide)
m Low standard deviation away from mean
m High standard deviation away from mean
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5 X 10" CBCT Raw Data Normalized Pixel Intensities
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5 X 10" CBCT Raw Data Normalized Pixel Intensities
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. 10" CBCT Raw Data Normalized Pixel Intensities
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Screenshot
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Current Milestone - RGBD Data Pre-Processing

Objective: Take RGB and Depth .png files and make .pcd point cloud.
Combine into a single .pcd file using PCL.

e Combine pairs of corresponding RGB and Depth .png files into point clouds.
e Remove null points and outliers using PCL filters.
e Compile all the point clouds into one mesh.

e In progress - select PCL filters and use KinFu plugin to create mesh
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Challenges

e Compilation using CMake with PCL, ITK, and VTK, resolved after much
troubleshooting with building libraries and locating dependencies.

e Pre-processing step uses MeshLab which is an application, not a library, thus
difficult to automate. Resolved by not using MeshLab and possibly improving
the phantom to reduce pre-processing steps required.

e File formats from the different third-party applications, resolved by not using
the third-party applications and maintaining direct compatibility with PCL.
Currently working on manipulating file formats from .png to .pcl.
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RG—BB camera

Dependencies ;

.

Met
Data: Created 3D RGBD and |
Workspace: Mock OR DRR views |

Technology: CBCT, RGBD

Software:MeshLab/PCL/ImFusion , -n-a— ’i -—
Phantoms: Created and cheap DKnIi and
Code Backup: Bitbucket 1 g DPone modal W'fe
Operating system \ —

Data backup

Unmet
Clinician input
Radiation Safety (potentially)
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Old Timeline

Minimum
Mentor meetings

Understand manual calibration
Develop automated calibration
Implement 3 Phases
Validation and Testing
Expected

Learn to make GUI

Implement with GUI

Validation and Testing
Maximum

Develop improved algorithm
Implement Prototypes

Validation and Testing

Feb

W2

Feb
w3

Feb Mar
W4 W1

Mar Mar Mar
W2 W3 w4

Mar Apr
W5 w1

Apr
w2

Apr

W3 Apr W4
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New Timeline

Feb Feb Feb Mar Mar Mar Mar Mar Apr Apr Apr Apr

w2 W3 W4 W1 w2 W3 W4 W5 W1 W2 W3 W4

Minimum
Mentor meetings

Understand manual calibration

Develop automated calibration
Automated Matching of CBCT-RGBD
Expected

Automated CBCT Data Pre-processing
Automated RGBD Data Pre-processing
Validation and Testing

RGBD and CBCT Point Cloud Processing
Validation and Testing

Maximum

Research improved algorithm

Present Implementation
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Questions?
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