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I. People and Roles

Erum Asghar: Mathematical analysis and implementation

Jhumur Banik: Installation and Jitter programming

Nader Chehab: Jitter and HMM/HTK programming

Abolfazel Rabie (Allen): Mathematical analysis and implementation

II. What is it

1. Introduction

Sema4 will perform translation from the semaphore signalling system into English letters. Semaphore is a sign language used for sending signals manually using hands by holding two flags in certain predetermined combination of positions. These positions indicate letters A to Z. In our project, we will be using coloured gloves instead of flags, because gloves are easier to track. 
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Figure 1: The Semaphore Signalling System

2. Concept Lead

· Color detection: Gloves will be detected against a white background
· Face detection: The face will be chosen as the origin
· Real-time interaction: The actor will be interacting with the system in real-time
· Jitter Programming: The live feed will be processed by Jitter
· HMM/HTK: This toolkit will be used to detect the patterns of the signals
· Arithmetic/trigonometry: Some angle calculations will be involved

3. Installation

The Sema4 project will be installed in the MAC lab, in the EV building.
The camera will be placed in front of the actor who will be asked to perform semaphore signals with his arms. Each signal is then decoded by calculating the angle of the arms with respect to the face. This will be done using the HMM toolkit. The corresponding letter is then displayed. The actor can then proceed to signal the next character. The display can either be a simple screen or a projected image on the wall. In case a projector is used, the actor and the camera should not interfere with the projected image, as shown in Figure 2.
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Figure 2: Installation
4. Mathematical Analysis

There are two alternative ways to determine which semaphore is being signalled.

The first option is to calculate the angles of the arms with respect to the origin.

The origin could be chosen as the face or the point of intersection of the arms as shown in Figure 3. There will be two angles X and Y representing each arm’s position. The pair will be mapped to a predefined list of English characters.


General formula for finding angles:  X = arctan((m1-m2)/(1+m1*m2))
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Figure 3: Angle calculation


5. The Hidden Markov Model for the MAX/MSP Environment

A set of discrete Hidden Markov Model (HMM) objects have been developed for the Max/MSP software as part of the project that deals with the analysis of expressive movements of a conductor. The objects were tested with recognition of English alphabet symbols, and were applied toward analysis of isolated conducting gestures.

We will use these objects to recognize semaphore signals and translate them.

III. Milestones / Timetable

1. Find an appropriate mathematical representation of each semaphore sign.

2. Determine hand and face positions in Jitter from a live feed.

3. Match the mathematical representation with the live feed

4. Fine-tuning ex: angle approximation, rate of symbol detection.

5. Testing and debugging

IV. Deliverable

· Jitter patch

· Demonstration video

· Readme file explaining how to run the patch

V. Resources needed

- Webcam

- Any kind of display (screen, projector)

- Computer with MAX and Jitter

VI. References


- A simple digital semaphore decoder using DSP processor:

http://ieeexplore.ieee.org/iel5/7129/19251/00892267.pdf
- Implementation of the Discrete Hidden Markov Model in Max / MSP Environment:

http://www.music.mcgill.ca/musictech/idmil/papers/FLAIRS2005_Kolesnik.pdf
- Wikipedia article on HMM:
http://en.wikipedia.org/wiki/Hidden_Markov_model
- Hidden Markov Models http://www.comp.leeds.ac.uk/roger/HiddenMarkovModels/html_dev/main.html
- The Semaphore Signalling System:
http://www.anbg.gov.au/flags/semaphore.html
- Wikipedia article on Semaphores: http://en.wikipedia.org/wiki/Semaphore#Flag_semaphore_system

- A Tutorial on Hidden Markov Models and Selected Applications in Speech Recognition:

http://www.cs.ubc.ca/~murphyk/Bayes/rabiner.pdf
- Semaphore Java applet:
http://www.wxs.ca/applets/semaphore/

- English using Semaphore Flags:
http://www.travelphrases.info/languages/EnglishUsingSemaphoreFlags.htm
PAGE  
3

