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Recapitulation : Concept
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Optical Tracker
(MicronTracker)

- Virtual rigid body (VRB)

•Pose (T = [R, t]) of the surgical tool in optical tracker coordinates?
- Conventional physical rigid body (PRB)

Physically bound to the tool

Pattern of light projected onto a surface of interest
→”Virtual” rigid body 

T

T
Projector: the only physical portion

THE “Pyramid Model”



• Freedom of size and shape
- VRB can be projected in any form.
- Prospect for higher accuracy

• Freedom of space
- “Virtual” : does not interfere with environment.
- Applicable to dense surgical situation such as laparoscopy.

• Robustness to occlusion 
- Less likely to be occluded
- Easy to implement redundancy
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Recapitulation : Merits
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Physical rigid body

Virtual rigid bodyOcclusion

picture from (Sánchez-Margallo et. al, 2013)

Physical rigid body

Virtual rigid body

• Investigate the operating condition of virtual body including, 
-Range of motion

-Translational, rotational, composite
-Virtual rigid body characteristics

• Compare the accuracy between virtual body and physical rigid body
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Recapitulation : Purpose
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Typical model Size Shape Number of 
Projections



5

Overall study design

Pose recovered from 
conventional rigid body

“Ground truth” pose 
recovered from the robot arm 

Error 
comparison

Pose recovered from 
virtual rigid body

For a given pose of the projector, 

Virtual rigid body grid 
projection/detection

Grid processing/
Defining a marker Model fitting
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(Robot figure powered by Robotics Toolbox, Peter Corke )
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“Pyramid Model”: Pose estimation
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d12 d23
d23

Figure redrawn from (Cheng et. al., 2014)

?

• Input : 
-    : Virtual rigid body position in MT coordinate

• Pyramid model:
-               : Unknown pose of apex in tracker 

coordinate
-    : Known unit projection vectors from apex
- Distance between projected bodies

-                     : from tracker coordinate
- || su - su || : “ : from apex coordinate

- Find sets of     such that optimization problem
                                is satisfied.

-      is recovered by registration between     and     

• Output :
- Estimated pose of the projector
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Deliverables - modification
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• Minimum (Mar 31st) 
- Marker grid           
- Experimental routines in                       

python or C++ codes 
- Experimental data 

• Minimum (Mar 31st) - Pipeline Setup
1. Virtual rigid body (VRB) grid           
2. Detection component
3. Processing component
4. Robot component

• Expected (Apr 23nd) - Experiment/Analysis
- Run pipeline for data collection
- Comparison between virtual and physical 

rigid body
- Optimal design of virtual rigid body

• Maximum (Apr 30th) - Application
- Demonstration of virtual rigid body  in 

laparoscopy setting
- Documentation

• Expected (Apr 15th)
- Analysis and evaluation of different 

sets of virtual markers
- Optimal design of virtual rigid body

• Maximum (Apr 30th) 
- Publication
- Experimental data on non-level 

surfaces.
- Introductory ideas on projector 

design.

Original Modified
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Deliverables
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✔︎	
 complete
⨻ delayed

• Minimum (Mar 31st) - Experimental Pipeline Setup ✔︎
1. Virtual rigid body (VRB) grid ✔︎      
2. Detection component	
 ✔︎
3. Processing component	
 ✔︎
4. Robot component	
 ✔︎

• Expected (Apr 15th) - Experiment/Analysis ⨻ (by 04/23)

- Run pipeline for data collection ⨻ (by 04/07)
- Comparison between virtual and physical rigid body
- Optimal design of virtual rigid body

• Maximum (Apr 30th) - Application
- Demonstration of virtual rigid body in laparoscopy setting
- Documentation
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Pose recovered from 
conventional rigid body

“Ground truth” pose 
recovered from the robot arm 

Error 
comparison

Marker grid 
projection/detection

Grid processing/
Defining a marker
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Pose recovered from 
VRB

Model fitting

For a given pose of the projector, 
Detection component

Robot component

Processing component

Experimental Pipeline
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VRB grid 
component
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• Considerations
- has to be detected well
➡Classic black and white for 

maximal contrast
- correspondence has to be assigned
➡Rectangle : width/height ratio = 2
➡Reference point attached to a 

rectangular grid
Reference point

Correspondence assignment

Virtual Rigid Body Grid
•Components
1.VRB grid 
2.Detection
3.Processing
4.Robot
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Detection Component MicronTracker Interface
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• Input 
- Stereo images from MicronTracker (MT) hardware

•Components
1.Virtual body grid 
2.Detection
3.Processing
4.Robot
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• Language/Library 
- C++/“MTC”, accompanied with MT hardware

(Courtesy of Claron Technology Inc.)

Detection Component MicronTracker Interface
•Components
1.Virtual body grid 
2.Detection
3.Processing
4.Robot



• Functionality : 
1. Detects projected virtual rigid body

- “XPoints”, intersection of two lines are detected.
2. Detects physical rigid body

- “Template marker” defined specific configuration of physical virtual body. 
- Template marker used for clear distinction from the detected virtual bodies.

• Multiple (30) frames are captured for a given pose since in a single frame,
1. not all points are detected
2. susceptible to noise/jitter

•Components
1.Virtual body grid 
2.Detection
3.Processing
4.Robot
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Detection Component MicronTracker Interface

frame 1

frame 2
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• Output: .txt of virtual and physical rigid bodies’
- 3D positions in MT coordinate 
- 2D position in the image coordinate

Physical rigid body

Virtual rigid body

(x3, y3, z3, x2, y2) - *3 : 3D position in tracker, *2 : 2D position in image

Number of detected points

Detection Component MicronTracker Interface
•Components
1.Virtual body grid 
2.Detection
3.Processing
4.Robot
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Detection Component MicronTracker Interface
•Components
1.Virtual body grid 
2.Detection
3.Processing
4.Robot

• “Multiple (30) frames are captured for a given pose since in a single frame,
1.  not all points are detected
2.  points are susceptible to noise/jitter”

• Implication : 
- Dynamic accuracy evaluation is difficult with current setup.
- This project will be confined on static poses. 

• Why bother to use MicronTracker?
- Provides a unified platform to analyze the performance of two rigid bodies.

truncate
z > 2, 

average

16

Processing component Tracker Data Processing
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collate 
30 frames

Data acquisition

Frame collation
Outlier rejection

•Components
1.Virtual body grid 
2.Detection
3.Processing
4.Robot

Correspondence

noisy

shows 1of 3 levels
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Robot component UR5 Control
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• Current paradigm: GUI Controller
- Input of desired 1) robot tool pose or 2) joint angles
- Real-time pose and joint angle calculation
- Programmable motion trajectories / actions

- Very useful for Cartesian motion

• Room for improvements : systemic, automatic control
- TCP/IP communication with PC
- Implementation being attempted on Matlab.

•Components
1.Virtual body grid 
2.Detection
3.Processing
4.Robot
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Experimental Demo Video
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Translation

Rotation

Rotation
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Dependency Check

• Hardware
- MicronTracker
- Universal Robots robot arm and controller
- Robot - projector adapter ⨻ Broke, reprinting by Apr. 4th
- Laptop

• Commercial Software
- MicronTracker SDK
- Universal Robots control system

• Internal algorithm and software
- Pose estimation of the projector given the coordinates of markers

• Miscellaneous
- Access to Hackerman hall Robotorium
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Key Dates - Original
• Feb. 28th : 

- Literature study, training for UR5 control ︎
- Virtual marker grid development 
- Resolve dependencies 

• Mar. 15th :
- Develop and document a package of routines to acquire data from the 

MicronTracker and UR5 robot. 
• Mar. 31st : 

- Experimental design (robot arm trajectories, marker shapes, etc.) 
- Data gathering for fixed pose and a trajectory of poses 
- Minimum deliverables 

• Apr. 15th :  
- Analyze and determine optimal marker parameters.
- Expected deliverables

• Apr. 30th : 
- Further experiments, such as on non-level surfaces, publication
- Maximum deliverables 

• May 9th : Poster presentation, final report
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Key Dates - Modified
• Feb. 28th : 

- Literature study, training for UR5 control ✔︎
- Virtual rigid body grid development ✔
- Resolve dependencies ⨻ Re-print adapter (by 04/04).

• Mar. 15th :
- Develop experimental pipeline ⨻ (by 03/23) ✔

• Mar. 31st : 
- Experimental design (robot arm trajectories, marker shapes, etc.) ✔
- Data gathering for fixed pose and a trajectory of poses ⨻ (by 04/07)
- Minimum deliverables ✔

• Apr. 15th :  ⨻ (by 04/23)
- Analyze and determine virtual rigid body design conditions.
- Compare virtual and physical rigid body accuracy
- Expected deliverables

• Apr. 30th :
- Demonstration package for application to laparoscopy, documentation
- Maximum deliverables 

• May 9th : Poster presentation, final report
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✔︎	
 complete
⨻ delayed
    Right up next

2/6 2/13 2/20 2/27 3/6 3/13 3/20 3/27 4/3 4/10 4/17 4/24 5/1 5/8 

Project Layout/setup 
Functional MicronTracker(MT) interface 

�Improvements for MT interface 
�Documentation/Cleaning 

Solving MT detection problems 
Project presentation 

Data processing routines on Matlab 
�Documentation/Cleaning 

Virtual marker grid development 
UR5 GUI controller operation routine 
�UR5 remote control implementation 

Data acquisition 
Reprinting the adapter 

Checkpoint presentation 
Pose estimation validation 
Error metric development 

Analysis/evaluation 
Seminar presentation 

Laparoscopy surgery application 
Begin final report & poster 

Mini-checkpoint presentation 
Poster session and final presentation 
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Chart
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Minimum deliverable (Achieved 03/23)

Minimum deliverable (Achieved 03/19)
Maximum deliverable (Achieved 03/21)

Minimum deliverable (Achieved 03/12)

Maximum deliverable
(Expected 04/15)

Expected deliverable 
(Expected 04/07)

Max deliverable 
(Expected 04/30)

Today

Max deliverable 
(Expected 05/09)

Gantt

Expected deliverable 
(Expected 04/23)

On time
Delay

Achieved
    Milestones
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Questions?

UR5

VRB Grid

MTMT Software

Grid to 
project

GUI 
Controller

Projector


