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Designing and implementing a method for locating and presenting a Laser pointer spot
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Abstract:
The usage of a laser pointer on a projection screen in lectures has a rapid development in the recent years. The repeated scene of a person using a laser pointer in front of an audience is dictating improvements in that field.

The pointer-projector system can produce some problems:
· A lack of wireless interaction interface with the mouse cursor.

· Movement of the laser point due to small movements of the user's unstable hand.

· Another issue is the inability to leave a static trace of the dynamic red point.
This project suggests a new "smart" projection system of the laser pointer, a system that consists by a regular laser pointer and a projection screen, with a camera. The camera is directed to the screen, thus observes all the area of the screen, when a laser point appears on the projection screen, the computer extracts its position from the video stream and presents it on the screen.
Step one: locating the red spot

By looking for a bright spot on the screen, we can get a good approximation of where the lecturer intended to direct the laser.
Step two: presenting a red mark

Presenting the substitute mark is done via the same computer that sends the input to the projector. 

Here, there are many applications available to use the new mark:

· If a damped pointer position is needed then we can take into consideration the previous few frames from the video stream and present the average location of the spotted point.

· The presented mark can replace the mouse cursor, thus operating as a wireless mouse.

· Another option is to use the projected sign as a sketch tool in presentations, by taking the pointer across the screen; the moving red mark will leave behind a contour sketch.

Purpose:
The purpose of this project is to design and present a new improved system of laser pointer, a system that can find the location of a laser spot and present a similar mark via the projector.
As mentioned earlier, this "smart" pointer can be available for many applications, for example:

· Averaging an unstable laser spot.

· Sketching a contour formed by the trace of the laser spot.

· Controlling the mouse pointer using the laser as a substitute to the mouse.
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Figure 1: 
The involved factors in our project. 
Approach and Methods:

Stage one:

We began working on the project under the assumption that we'll try to locate the laser pointer on a static background - the projection screen. This ideal scenario can allow us to use a differential approach for locating the dynamic spot on the projection screen.

The project was initiated with a poor camera and bad conditions, and under the circumstances, it soon became clear that there is a need for noise filtering or better equipment, such as IR pointer and a camera that is sensitive to IR wavelengths.
Stage two:
The second part of the project was done with an IR laser pointer and a camera that is sensitive to IR wave frequency. 

Experiments showed good results of the intensity separation, and further work could be done using the laser pointer as wireless interaction the mouse cursor.

Experiment and results:

​
Here we present the preliminary results, produced by a simple USB camera and no noise filtering, followed by an upgraded solution experiments.
As it turns out (see in figure 2), the camera itself caused a great amount of noise, thus making it very hard to detect a specific spot using an adjacent frames difference approach.

In order to improve our solution, a new IR system was designed. As discussed in page 8, using the properties of an infrared laser and camera allowed us to upgrade the solution in few aspects:
· Easier separation between the IR signal and the rest of the data.

· The audience will not see the laser pointer, only the projected mouse pointer will be seen.

· No need for complicated filtering.
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Figure 2: Preliminary experiment set

a) A still projection screen with no laser spot.

b) An image resulting from performing adjacent frames difference – noise        patterns can be seen easily.
Improving the solution:
Problems: 
· Difficult separation between the laser and the background caused a need for complicated filtering solution.
· A visible laser dot requires a complicated calibration of the camera regarding the projection screen in order to avoid discrepancies between the laser pointer and the mouse pointer.
Solution: using an IR camera and an IR pointer will make it easy to separate the areas of the laser with high intensity, plus it will cause the viewers to notice only the projected mouse pointer. Since the user can't see the laser pointer, the mouse pointer will be used as a feedback control, causing the user to correct any discrepancy unconsciously.
Explanation: The human eye can't detect light in the infrared wavelengths, thus the user can't see the infrared laser pointer.
Another advantage of using an IR is that we can filter all wavelengths that are outside of the IR spectrum, leading to a much better signal to noise ratio.
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Figure 3: the frequency range of visible light in the wavelength of the electromagnetic spectrum.

Experiments with an infrared laser and camera produced good results. The improved solution allowed us the implement some new applications such as location averaging and wireless interaction.
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Figure 4: first results of the experiments with an IR system

The laser spot can be seen easily. 

Suggestions for Future Work:
The solution presented in this report answers the problem of detecting and presenting a laser pointer spot, some improvements can be implemented here:

· The detection algorithm can be improved to support a wider range of cameras and laser pointers, using off the shelf equipment.

· Implementation of a kalman filter for contour estimation, thus inhibiting any unwelcome disturbance or noise. This kind of upgrading for the system will require a study of the noise covariance and building an iterative mathematical model for the motion of the laser spot.
· Improving the interface with the mouse cursor.
· Another possible solution for the problem presented in this report is to transform the laser point to a clear geometric pattern (such as rectangle or a circle, using a diffraction grid), making it easier to detect.
· A stereopsis model can be developed, making it possible to build a temporal 3-D position of the laser spot in Cartesian axis.
Conclusions:
This project presents one possible solution for using laser pointer as a pointing device. 
The project deals with interactive computer presentation in big classrooms and conference rooms. 
For the purpose of interactive functionality, a system for locating and presenting a laser point was designed. That system can upgrade the variety of interaction functions, and make it more comfortable for lectures to present than the current methods.  

Exploiting the fact that human eye can't detect infrared wavelength, we use an IR laser and camera to project and detect a light spot on a screen, thus sidestepping the problem of detecting a small dot of light in a noisy signal.
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