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Project Summary

Problem: A need for tool tracker in
eye surgery

- Assess surgical performance

- Ensure proper protocol

Project Goal: Micro-Surgical Tool

Tracker
- Build a prototype of a goggle

. ey Figure 1. Idea proposed
- Provide positional feedback by Marcin Balick
Aims & ) ) . . . . .
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Specific Aims
Create a miniature tracking system for the Significance/Future Directions

€ye Monitor surgical protocols

Track surgical instruments in real time Surgical skill assessment

Utilize redundancy to reduce line-of-sight Improve surgical safety

problems :
Robot-assisted surgery

Utilize fiducial markers on tools for

identification Adaptation to other micro surgeries

Evaluate tracking accuracy
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Mechanical Design

Constraints for Design

Size of the camera
. . -
Field of view of the camera Q\f
Processing ability of the camera

Motion of the surgeon’s hands

Available area around the
patient's eye

Proposed idea for initial prototype

Progress: TD Deliverables Dependencies
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Mechanical Design

LED Light s,

Chosen Camera:
\ Mini 7mm Flexible Inspection Camera
Diameter /mm  Borescope Endoscope

Cost: $76.98
Resolution: 640x480 pixels(JPEG format)

Diameter 6mm

\

Focal distance: 2~8cm
Magnification: up to 10x

Others:

82cm USB cable

Waterproof head & cable

4 white LED adjustable brightness
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Mechanical Design

Patient’s Body

Surgeon

Note: Our real platform will have grid of 20mm x 20mm
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Progress:
Mechanical Design

.o

= Idea proposed
o Original Plan: Q by Marcin Balicki
— Conceptualize the design of the goggle | u

prototype

— CAD prototype with specific dimensions

 Raised Problem:

— Limited space

— Small field of view &
— Device fit to face y

* Revision in plan: o~
— Create a mock up
— Determine optimized life-size design

— Build CAD design scaled 1.5x Figure from Hubschman et al

Project : A'.”.‘S & Progress: MD Progress: TD Deliverables Dependencies Milestones Reading List
Summary Significance L
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Step 1: Calibration Tra C kl ng DES|g N

Input: 20 Images | Repeat
3x
Extract grid corners
manually

Account for non-
linear distortion

Calibration Test:
v - Compare intrinsic parameters of single to
multi-camera calibration

Pair-wise calibration .
- Compare measured distance between

y cameras to extrinsic parameters

Output:
Intrinsic parameters
Extrinsic parameters

Project Aims &
Summary Significance
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% ERC | CISST Progress:
Step 1: Calibration Tra C kl ng DES|g N

Input: 20 Images | Repeat
3x
Extract grid corners
manually

Account for non-
linear distortion

Alternative Approach:

v - Use Balazs’ code to calculate H from 6 points
- Create GUI to manually select pixels

- Write code to extract Rand T from H

" - Added Dependency: OpenCV

Output:
Intrinsic parameters
Extrinsic parameters

Pair-wise calibration

Project Aims &
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Summary

Progress:

Tracking Design

Step 2: Detection

Threshold:

- Discretized color space such that a range
of values = a color

- Pixel Color = YClass[Y] & UClass[U] &
VClass[V]

Connected Components:
- 2 runs of a tree-based union

Detection Test:

- Segment for trocars and markers
- Mask to original image

- Overlay and compare

Aims &

Significance Deliverables

Progress: MD Progress: TD

Input: 1 Image
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Repeat 4x

“(for each camera)

v

ExtractY, U, V

v

Threshold for
known color

| Repeat 4x

(for each color

v

Find connected
components

v

Identify center
of largest component

~—

v

Output:
4 pixel locations

Dependencies

Milestones

Reading List
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Input: calibration Repeat for . : .
el it — - rers Step 3: 3D Point Reconstruction
y Tracking Test:
If 2+ Camera Views: -Use Steady Hand Eye Robot for
Calculate Line Egn accuracy

- Move from position A to position B
with known distance apart

Y

Transform to

referenceicain - Calculate tool positions and compare
to distance
y
Minimize distance Effects on Segmentation:
between lines . .
- Based on previous tool position,
Y create bounding box
Calculate Orientation Output: Graphic
Calculate Position »  Representation
Calculate XZ Plane of Tool Position
Project Aims & ) : . . . . :
Progress: MD Progress: TD Deliverables Dependencies Milestones Reading List

Summary Significance
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Minimum (3/18) Expected (4/26) Maximum (5/13)
CAD design of prototype A scaled prototype Life-size prototype
Design of phantom A scaled phantom Life-size phantom
Specifications of Offline multi-camera Evaluation of tracking
equipment calibration accuracy
Calibration scheme Offline segmentation/ Real-time tracking

tracking algorithms

Segmentation/tracking
scheme

Project Aims &
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Minimum (3/18) Expected (4/26) Maximum (5/13)
CAD design of prototype A scaled prototype Life-size prototype P ¢
Design of phantom ¢/ Ascaled phantom Life-size phantom P
Specifications of Offline multi-camera Evaluation of tracking
equipment v/ calibration accuracy
Calibration scheme Offline detection/tracking  Real-time tracking
v/ algorithms

Detection/tracking
scheme v

Project Aims &
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Dependency Proposed Solution Due Date
Ophthalmic Surgery Schedule through Marcin Balicki 2/25
Observation Acquire videos online 3/4
Access to Expertise Weekly mentor meetings 2/14
Survey literature 3/11
CISST Libraries Training with Balazs Vagvolgyi 3/4
If not, custom libraries as needed
Other Off-the-shelf Libraries Research and plan accordingly 3/11
Back-up plan: Implement on our own
Access to Steady Hand Eye Get initial plan approved 3/11
Robot Schedule through Marcin Balicki 4/8
Equipment Evaluate constraints 3/4
Purchase off-the-shelf components (OTC) 3/11
Funding Propose budget plan to Dr. Taylor 3/4
Sig?wiir%?zai‘ce Progress: MD Progress: TD Deliverables Dependencies Milestones Reading List
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Dependency Proposed Solution Due Date
Ophthalmic Surgery Schedule through Marcin Balicki 2/25
Observation Acquire videos online 3/4 v
Access to Expertise Weekly mentor meetings 2/14
Survey literature 3/11 VvV
CISST Libraries Training with Balazs Vagvolgyi 3/4 P ¢
If not, custom libraries as needed
Other Off-the-shelf Libraries Research and plan accordingly 341 %
OpenCV Back-up plan: Implement on our own 4/1
Access to Steady Hand Eye Get initial plan approved 3/11
Robot Schedule through Marcin Balicki 4/8 b 4
Equipment Evaluate constraints 3/4 v
Purchase off-the-shelf components (OTC) 3/11 v
Funding Propose budget plan to Dr. Taylor 3/4 v
Parallel Camera Function Determine cause and plan accordingly 4/8 P ¢
Szqufisgiy Sig?]iir;l?za%ce Progress: MD Progress: TD Deliverables Dependencies Milestones
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Date Milestones Responsibility Status

Offline Tracking -Calibration Scheme

System Design -Segmentation Scheme
(Sue) -Tracking Scheme

3/18 Design of Prototype -Conceptual design of Eye and Face In Progress
and Phantom(Yejin) -CAD of the prototype (Delayed)

4/1 Build Phantom -Build & attach eye to platform In Progress
(Yejin) -Build & attach skull and nose to platform

4/1 Calibration -Implement single camera/multi camera In Progress
Implementation calibration
(Sue) -Run test to verify success

SE::gﬁgty { Sigé\iir;’]saice {Progress: MD Progress: TD { Deliverables { Dependencies Reading List
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Date Milestones Responsibility Status

Offline Tracking -Calibration Scheme v
System Design -Segmentation Scheme (V4
(Sue) -Tracking Scheme 74
3/48 Design of Prototype -Conceptual design of Eye and Face ¢/ | In Progress
4/8 and Phantom(Yejin) -CAD of the prototype (Delayed)
4/1 Build Phantom -Build & attach eye to platform In Progress
(Yejin) -Build & attach skull and nose to platform
4/1 Calibration -Implement single camera/multi camera ¢ | In Progress
Implementation calibration
(Sue) -Run test to verify success

Project Aims &
Summary Significance

{ Progress: MD

Progress: TD { Deliverables { Dependencies Reading List
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Milestones

Date Milestones Responsibility Status
4/8 Prototype of Device -Rapid prototype goggle device Not Done
(Yejin) -Rigidly attach cameras
-Attach miscellaneous fixtures
4/15 Test of Segmentation -Implement Segmentation Method Not Done
(Sue) -Run test to verify success
4/29  Test of Tracking -Implement tracking algorithm Not Done

Implementation (Sue) -Run test to verify success

5/13  Evaluation of Micro-  -Static tool coordinate accuracy Not Done
Surgical Tracker(Yejin) -Dynamic tool coordinate accuracy
-Miscellaneous accuracy

Progress: TD { Deliverables { Dependencies Reading List

{ Progress: MD

Project Aims &
Summary Significance
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