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CNC Machines

Computer Numerical Control
(CNC) machine

Typically programmed using
G-Code (ISO 6983)

STEP-NC format to replace
G-Code

Olivier St-Martin Cormier McGill University

Computer Numerical Control Machine Visual Tracking For Intelligent Controllers



Introduction Tracking Methods Simulator References

Intelligent Controller

STEP-NC

Input File

Calibration

Data

Format

Parser

Tool Path

Generator

Vision

System

Motor

Drivers
Motors

Camera(s)

Other

Sensors

CNC Controller

NC Machine

User Provided

Information

Olivier St-Martin Cormier McGill University

Computer Numerical Control Machine Visual Tracking For Intelligent Controllers



Introduction Tracking Methods Simulator References

Tsai Camera Calibration Model [4]
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Evaluated Methods

Fiducial Markers

Template Tracking

Model Edges
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Fiducial Marker Detector [1]

Pros
Simple marker design

Learnt detectors

Can store information

Cons
Intrusive

Slow
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Fiducial Marker Detector

Input Image Ideal Bayes Classifier

Decision Surface

Nearest-Neighbor

Classifier

Examples

Sub-Pixel Localization
Quadrilateral

Region Detector
List of Markers

Circular Marker Detector (Cascading Classifiers)

Fiducial Detector
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Examples

Classifiers are trained from examples

Positive Examples

Negative Examples
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Sample Tracking Sequence
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Template Tracking [3]

Pros
Non-intrusive

Extremely fast

Fully online

Cons
Prone to drift

Require flat
tracking surface
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Template Tracking

Target Region
Generate Set Of

Tracking Points

Learn the A Matrix
Measure

Intensity Change

Update Trans-

formation Marix

Training Tracking
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Template Tracking Mathematics

Simplest motion model:

F =

 s 0 Tx

0 s Ty

0 0 1

⇐⇒ µ = [s,Tx ,Ty ]

Relation between intensity change (δI) and motion (δµ):

δµ = AjδI

Warning

These equations are only valid for small motions δµ.
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Template Tracking Mathematics

Simplest motion model:

F =

 s 0 Tx

0 s Ty

0 0 1

⇐⇒ µ = [s,Tx ,Ty ]

Relation between intensity change (δI) and motion (δµ):

δµ = AjδI

Warning

These equations are only valid for small motions δµ.
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Sample Tracking Sequences
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Model-Based Tracker [2]

Pros
Non-intrusive

Tracking in 3D
space

Cons
Requires model of
tracked object

Not robust to noise

Prone to drift

Slow
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Model-Based Tracker

Camera Param-

eters Matrix

Compute

Projection Matrix
Render Model

Initial Position

Estimate

Update Eu-

clidean Matrix
Locate Visible Edges

Compute Motion
Detect Edges in

Camera Image

User Provided Information Main Tracking Loop
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Image Measurements

1 Render model

2 Locate visible edges

3 Locate edges in camera image

1 2 3
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Sample Tracking Sequence
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OpenGL Simulator

Visual Simulator, not physical simulator

Full control over scene parameters
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Sensor Planning
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Sample Tracking Sequence
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