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Multitouch Interfaces and Programming Multitouch applications
Okan Ulaş Gezeroğlu
Abstract— Multitouch technology is a new but growing area for computer-human interaction. Unlike classical user interfaces like mouse and keyboards, multiple users can interact on same device with this technology. Also the software interfaces should be adapted. Multiple multitouch technologies and their software support will be observed in this survey.
I. INTRODUCTION
M 
Ultitouch is a interaction technique which users control the applications with their fingers. Unlike touch screens, multiple touch points can be recognized.  In some installations also multiple user interaction is possible. 
There are various ways to achieve multitouch effect: heat, finger pressure, high capture rate cameras, infrared light, optic capture, tuned electromagnetic induction, ultrasonic receivers, transducer microphones, laser rangefinders, and shadow capture are mostly used techniques.[1].  I’ll focus on camera based and electric based multitouch displays.
II. Technologıes
1. Resistance Based Touch Surfaces:
Resistance based touch surfaces generally consist of two conductive layers which are coated with substances such as indium tin oxide. These layers are separated by an insulating layer, usually made of tiny silicon dots. The front of the panel is typically made of a flexible hard coated outer membrane while the back panel is often a glass substrate. A controller alternates between the layers, driving one with a specific (electric) current and measuring the current of the other. When users touch the display, the conductive layers are connected, establishing an electric current that is measured once horizontally and vertically by the controller in order to determine the exact position of a touch. Such touch surfaces have the advantage of low power consumption and are used in mobile devices such as the Nintendo DS, PDAs and digital cameras and can be operated both with fingers or a stylus. [image: image1.png]Conductive Coating ’q
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2. Capacitance Based Touch Surfaces
2.1 IPhone System:
Iphone is the mostly known multitouch display. It uses electric impulses to recognize touches. There are two main layers to accomplish that: 


a-Sensing lines


b-Driving lines

The combination of these two layers makes a grid capacitor layer. This layer is also arranged according to coordinate system that enables reading touch coordinates.  Its circuitry can sense changes at each point along the grid. Because of its capacitive material it only works with finger tips. 
When user touches the display raw impulse data send to iphone processor as electric impulses. Then processor analyzes the features of the touch which includes size, shape, area and location of the touch. If necessary processor put features into [image: image2.jpg]Mutual Capacitance
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groups so if you move your finger the distance from starting touch and ending touch is also calculated. Using its gesture interpretation software special movements can also be recognized. Sliding finger from left to right can be used as a command  if the gesture  for this event is defined. If the gesture isn’t defined or the received impulse data isn’t match any patterns the touch is discarded.
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All this steps happen in an instant and very accurately. The main drawback of this technology is the need of extra power for grid capacitors and lcd screen. 3rd generation Iphones can work up to 36 hours at standby but this time decrease to a few hours if lcd screen is on and there is continues touch activity.
3. Optical Based Multitouch Systems:
3.1 Frustrated Total Internal Reflection (FTIR)
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This method is found at year 2005 by Jeff Han who is a professor at NY University. Total Internal reflection occurs when a light beam enters a material at a specific angle and travels inside of it without leaving the material. FTIR method uses same method to recognize multiple touches. An acrylic or plexiglass material is used as a surface. Infraded(IR) leds flood light from sides of the surface and the surface is illuminated by IR light. To reflect the IR light to the camera with touches an extra layer is needed. This is a transparent, thin and soft layer that overlays on the surface material. When user touches this layer, the light inside of the surface frustrated and passes outside the material. An IR camera below captures the ir light and sends the images to the computer. Images are processed and touch points are determined by a image processing software. 
Basic materials used in the FITR multitouch displays are: 
· Acrylic / Polycarbonate / Plexiglass 8mm-15mm in thickness. 

· Aluminium Frame 

· Infrared LEDs (or similar infrared light source) 

· Resistors 

· A  compliant   surface   (silicone   rubber  ie.   Sorta  Clear   40, Elastosil, Lexel, etc. ) 

· Projection Surface (Rosco Grey, Vellum, Mylar, other, etc.) 

· Infrared camera/modified webcam

· Band filter
3.2 Diffuse Illumination (DI)

Diffuse illumination has two forms. These are Rear DI and Front DI.

a.Rear DI: 
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In this setup the touch surface is illuminated with IR lights from below.A diffuser is placed on top or below the surface to  diffuse ir light evenly on the surface. When an object touches the surface it reflects more ir light to the camera. Depending on diffuser hovers and objects placed on the surface can be detected.
Microsoft Surface also uses the rear DI technology for multitouch display.
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1) Screen
There is a diffuser which turns the Surface’s acrylic tabletop into a large horizontal “multitouch” screen, which is capable of processing multiple inputs from multiple users. 

2) Infrared Illumination
Infrared illuminator operates in the near-infrared spectrum, using an 850-nanometer-wavelength LED light source aimed at the screen. When objects touch the tabletop, the light reflects back and is picked up by multiple infrared cameras with a net resolution of 1280 x 960.

3) Computer 
A Core 2 Duo processor, 2GB of RAM and a 256MB graphics card. Wireless communication with devices on the surface is handled using WiFi and Bluetooth antennas. The underlying operating system is a modified version of Microsoft Vista.

4) Projector 
Projector is using a DLP light engine with  1024 x 768 pixels Resolution.
b.Front DI: 
Front DI is similar to Rear DI but the surface is illuminated from above.  When an object touches the surface its shadow shows up in the surface and the software processes these shadows to detect touch points and objects.
The main problem about the DI setups is the uniform distribution of ir light through the surface. There are hotspots in the surface that are illuminated well and touches are detected easily. On the less illuminated areas of the surface user has to press harder to create touches.  On the other hand hovering and the multiple touches can be detected easily. Even objects placed on the table can be recognized by this setup.
Basic materials used in the FITR multitouch displays are: 

· Clear sturdy clear surface (Glass, Acrylic, Polycarbonate, Plexiglass, etc.)

· Infrared Illuminator (Infrared LEDs, Infrared Illuminator, etc.)

· Diffuser/Projection  Surface   (Vellum,  Mylar,   Lee  Filter,   other,   etc.).  

· Infrared Camera/Modified Webcam
· Band filter
3.3 Laser Light Plane Illumination (LLP)
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This setup uses lasers as ir light source. Typical lasers generate a light as a line.  By mounting a line generator lens in front of the laser lens a laser light surface can be generated. LLP multitouch displays uses this concept to recognize touch points. Lasers with 90° or 120° line generators are placed at the corners of the surface. These laser generate 1mm thick laser surfaces. When user touches on the surface the ir light over the surface is reflected to the camera. Using this light as an input computer calculates the  touch points.
Generally 780nm and 940nm lasers between 5-25mW are used in this displays. But these lasers are hazardous to eyes when looked directly. So when working with this laser special laser-goggle must be used. After building the multitouch display also black silicones or other materials blocking the laser light should be used to avoid laser lights to escape from the surface. 
Basic materials used in the FITR multitouch displays are:
· Clear, flat surface (Glass, Acrylic, Polycarbonate, Plexiglass, etc.) 

· Infrared Laser(s) 

· Safety Goggles 

· Line Generating Lens 

· Projection Surface 

· Infrared camera
· Band filter
3.4 Diffused Surface Illumination (DSI)
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This setup is same as FITR but doesn’t need a compliant layer. It uses special acrylic layer as a touch surface. The feature of this acrylic layer is to distribute the light homogenously on all over the surface. There are millions of small particles in the surface that act like little mirrors so light travels all the ways in the surface. When user touches the surface the touched section shines more than the other areas of the surface. An infrared camera view these points and sends to the  software that detects the blobs that are created. 
Basic materials used in the DSI multitouch displays are: 

· Enlighten Acrylic. 

· Aluminium Frame 

· Infrared LEDs (or similar infrared light source) 

· Resistors 

· Projection Surface (Rosco Grey, Vellum, Mylar, other, etc.) 

· Infrared camera/modified webcam

· Band filter

3.5 LED – Light Plane (LED-LP)
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LED-LP Setup is like FTIR but there is no compliant layer and the leds that are at the edges of the surface moved over the layer. IR light over the surface creates a ir light surface but the ir leds are conical. Some of the light is drops on the surface.  To avoid this effect extra diffusion layer is applied on top of the surface. Some image-processing software adjustments also required to create clear user generated blobs.  When user touches the screen lights above the surface reflects to the camera below. Then the image data processes by the software to capture user touches.
Basic materials used in the LED-LP multitouch displays are: 

· Acrylic / Polycarbonate / Plexiglass 
· Aluminium Frame 

· Infrared LEDs (or similar infrared light source) 

· Resistors 

· Projection Surface (Rosco Grey, Vellum, Mylar, other, etc.)  or LCD screen
· Infrared camera/modified webcam

· Band filter

III. Technology Comparison

	FTIR:

	Advantages

	An enclosed box is not required 

	Blobs have strong contrast 

	Allows for varying blob pressure 

	With a compliant surface, it can be used with something as small as a pen tip

	

	Disadvantages

	Setup calls for some type of LED frame (soldering required) 

	Requires a compliant surface (silicone rubber) for proper use 

	Cannot recognize objects or fiducial markers 

	Cannot use a glass surface 


	Rear DI:

	Advantages

	No need for a compliant surface, just an diffuser/projection surface on top/bottom

	Can use any transparent material like glass (not just acrylic)

	No LED frame required 

	No soldering (you can buy the IR-Illuminators ready to go)

	Simple setup

	Can track objects, fingers, fiducials, hovering 

	

	Disadvantages

	Difficult to get even illumination

	Blobs have lower contrast (harder to pick up by software)

	Greater chance of ‘false blobs’

	Enclosed box is required


	Front DI:

	Advantages

	No need for a compliant surface, just an diffuser/projection surface on top/bottom

	Can use any transparent material like glass (not just acrylic)

	No LED frame required

	No soldering (you can buy the IR-Illuminators ready to go)

	Can track fingers and hovering

	An enclosed box is not required

	Simplest setup

	

	Disadvantages

	Cannot track objects and fiducials

	Difficult to get even illumination

	Greater chance of ‘false blobs’

	Not as reliable (relies heavily on ambient lighting environment)


	LLP:

	Advantages

	No compliant surface (silicone)

	Can use any transparent material like glass (not just acrylic)

	No LED frame required

	An enclosed box is not required

	Simplest setup

	Could be slightly cheaper than other techniques

	

	Disadvantages

	Cannot track traditional objects and fiducials

	Not truly pressure sensitive (since light intensity doesn’t change with pressure).

	Can cause occlusion if only using 1 or 2 lasers where light hitting one finger blocks another finger from receiving light.


	DSI:

	Advantages

	No compliant surface (silicone)

	Can easily switch back and forth between DI (DSI) and FTIR

	Can detect objects, hovering, and fiducials

	Is pressure sensitive

	No hotspots

	Even finger/object illumination throughout the surface

	

	Disadvantages

	Enlighten Acrylic costs more than regular acrylic

	Blobs have lower contrast (harder to pick up by software) than FTIR and LLP


IV. Example Of LCD-LLP Multitouch Display

As an example project I built a 19’’ LCD multitouch display that uses LLP setup. Basic components of the table are:
· 19’’ LCD monitor for display

· 4x 780nm 10mW lasers

· 4x 90° line generators

· PS3eye for camera. Infrared blocking lens is removed.

· 780 nm Bandpass filter

· Modified 3.2V adaptor for lasers.

· LCD backlight for lcd screen illumination.

· Laser power switch

· 57x42x55cm wooden box ( custom made)

A working demo of the project can be viewed at:
http://okanulas.com/multitouch/demo/dirtyPreview.html
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