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Optical Mouse

It would be arguable to say that anyone who has touched a desktop computer in the last two years has come in contact with an optical mouse.  But what is an optical mouse and how does it work?
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To answer this, let us first travel back a few years to a time when all computers were still using mechanical mice.  The predecessor of the optical mouse was the opto-mechanical mouse, shown here in figure 1.  This mouse still utilized a traditional mouse ball to track movement, but used two orthogonally-oriented incremental optical encoders to gather position data.  These encoders, which are similar to encoders 1 through 3 used on the robots in the mechatronics lab, each use two phototransistors to measure pulses of infrared light passing through a slotted disc, allowing position and direction to be detected.
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Original Optical Mouse

Taking this technology to the next level, the original optical mouse was developed.  This mouse worked by shining a beam of light onto a reflective mouse pad containing a grid of dark lines.  Much like an incremental optical encoder, the mouse counted the interrupt pulses caused by the grid as the mouse was moved, and translated them into motion.  Unfortunately, to get accurate motion from this mouse, one was required to hold the mouse at a relatively specific angle with respect to the mouse pad.  Also, unlike the original mechanical mice, which could be used on most surfaces with sufficient friction, the original optical mice would only work on their special pads.  Therefore, if the pad was damaged or misplaced, a new one had to be purchased.
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Modern Optical Mouse
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The modern optical mouse was created by Agilent Technologies and introduced in 1999 (see figure 2).  This type of optical mouse works by shining light emitted by a red LED (light emitting diode) onto a surface, and then capturing an image of the surface through a lens with an infrared CMOS (complimentary metal oxide semiconductor) sensor.  The CMOS camera captures approximately 1500 images per second with about 400 cpi (counts/inch) resolution.  Mice are currently available with capture speeds as high as 6000 images/sec and resolutions as great as 800 cpi.  Each individual image captured by the camera is then sent to the mouse’s internal DSP (digital signal processor), which handles 18 MIPS (million instructions/sec) and determines relative motion of the mouse based on feature recognition.  Figure 3 shows the underside of a modern optical mouse.

[image: image6.jpg]



[image: image5.jpg]&,




Data Sent To Computer

Another thing to consider is the manner in which the mouse sends its data to the host (computer).  Data is sent serially via the mouse cord data line.  Three bytes of data, known collectively as a “packet” of data, are sent for every input from the mouse.  Input from the mouse consists of mouse movement and/or button clicking.  For each of the three bytes, 11 bits are sent to the computer, including 1 start bit, 8 data bits, 1 parity bit, and 1 stop bit.  In a standard PS/2 interface, 1 bit is sent per clock cycle at approximately 1200 baud.  This is equivalent to sending a maximum of 40-60 packets of data per second.  In a USB connection, speeds of as much as 6 Mbaud are possible.
Data Bytes
Byte 1

· Left button state (0 = off, 1 = on)
· Right button state (“   ”)

· Middle button state (0 = off or no middle button, 1 = on)

· 1

· X-direction/sign (pos/neg)

· Y-direction/sign (“   “)

· X-overflow (flag; moved more than 255 pulses in 1/40th sec)

· Y-overflow (“   “)

Byte 2

· X-movement (pulses in x-direction since last data sent)

Byte 3

· Y-movement (pulses in y-direction since last data sent)

Data Interface

Figure 4 depicts a standard PS/2 mouse/keyboard interface.  
The functionality of the pins are as follows:
(1) Unused

(2) +5 V

(3) Unused

(4) Clock

(5) GND

(6) Data


Current Trends and Future Advancements

Dual sensor optical mice are beginning to enter the market.  These mice utilize two sensors oriented at 45° to one another.  Having two sensors allows the mouse to give dominance to the sensor with the most complete data at any given time.  This improves accuracy and allows the mouse to be used on virtually any surface, even those which are semi-transparent!  Figure 5 shows the orientation of Logitech’s MouseMan Dual Optical mouse.  Cordless mice, which transmit their data via radio waves, have also become quite common.  Another innovation for mice has been the introduction of wheels and additional programmable buttons.  These add functionality to the mouse such as “back”, “forward”, and scrolling.  Some mice are even being equipped with force feedback control.  This feature provides vibration in the mouse for interactive websites and video games.
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Additional information regarding mice (optical and otherwise) may be found at the following web addresses:

http://computer.howstuffworks.com/question631.htm
http://panda.cs.ndsu.nodak.edu/~achapwes/PICmicro/mouse/mouse.html
http://www17.tomshardware.com/consumer/20011026/
http://www-bsac.eecs.berkeley.edu/~sbergbre/CotsBots/DataSheets/Mouse%20Sensor%20Datasheet.pdf
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Fig. 4 – PS/2 interface
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Fig 3. – Underside of an optical mouse








Fig. 2 – Agilent optical mouse








Fig. 1 – Inside of an opto-mechanical mouse








Fig. 5 – Logitech’s MouseMan Dual Optical mouse
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