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ment. The system Works With any surface than can diffusely 
scatter a collimated beam from a coherent light source. 
Speci?cally, the system comprises a coherent light source 
and an optical sensing assembly. The optical sensing assem 
bly comprises a plurality of photosensor arrays and a plu 
rality of optical elements. Each photosensor array includes 
pixels of a particular siZe and shape. Each optical element 
has an arti?cially limited aperture and is associated, through 

MOUNTAIN VIEW’ CA 94041 (Us) optical matching, With a respective photosensor array. The 
coherent light source generates a collimated beam that is 
diffusely re?ected off of the surface. The optical sensing 
assembly receives the diffusely re?ected, or scattered, col 
limated beam and passes it through the arti?cially limited 
apertures of the optical elements to the associated corre 
sponding photosensor array. Passing the scattered light 
through the optical elements generates speckle images that 
appear on the pixels of the photosensor arrays. Based on the 
pixel shape, a pixel value associated With the speckle image 
provides a speckle image data signal. When there is trans 
lation of the pointing device, a neW set of speckle images, 
each reassembling to a translated version of the previous 
speckle image, are generated and another speckle image data 
signal is generated. The neW and the previous speckle image 
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OPTICAL DETECTION SYSTEM, DEVICE, AND 
METHOD UTILIZING OPTICAL MATCHING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/895,749, ?led on Jun. 29, 2001, 
entitled “Optical Detection System, Device, and Method 
Utilizing Optical Matching,” Which is a continuation of US. 
patent application Ser. No. 08/869,471, ?led on Jun. 5, 1997, 
entitled “Optical Detection System, Device, and Method 
Utilizing Optical Matching” (now US. Pat. No. 6,256,016), 
both of Which are incorporated by reference herein in their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to pointing devices 
for cursors on video display screens in a data processing 
environment. More particularly, the present invention relates 
to an optical system, device, and method for imaging a 
surface to perceive a displacement of the surface Without 
having mechanically moving parts or Without requiring a 
specially patterned surface. 

[0004] 2. Description of the Related Art 

[0005] Pointing devices, such as a mouse or a trackball, 
are Well knoWn peripheral devices in data processing envi 
ronments. Pointing devices alloW for cursor manipulation on 
a visual display screen of a personal computer or Worksta 
tion, for eXample. Cursor manipulation includes actions such 
as rapid relocation of a cursor from one area of the display 
screen to another area or selecting an object on a display 
screen. 

[0006] In a conventional electromechanical mouse envi 
ronment, a user controls the cursor by moving the electro 
mechanical mouse over a reference surface, such as a rubber 
mouse pad so that the cursor moves on the display screen in 
a direction and a distance that is proportional to the move 
ment of the electromechanical mouse. Typically, the con 
ventional electromechanical mouse consisted of a mechani 
cal approach Where a ball is primarily located Within the 
mouse housing and a portion of the ball is eXposed to come 
in contact With the reference surface so that the ball may be 
rotated internally Within the housing. 

[0007] The ball of the conventional electromechanical 
mouse contacts a pair of shaft encoders. The rotation of the 
ball rotates the shaft encoders, Which include an encoding 
Wheel that has multiple slits. Alight emitting diode (“LED”), 
or similar light source, is positioned on one side of the 
encoding Wheel, While a phototransistor, or similar photo 
sensor, is positioned opposite to the LED. When the ball 
rotates, the rotation of the encoding Wheel results in a series 
of light pulses, from the LED shining through the slits, that 
are detected by the phototransistor. Thus, the rotation of the 
ball is converted to a digital representation Which is then 
used to move the cursor on the display screen. 

[0008] The conventional electromechanical mouse is a 
relatively accurate device for cursor manipulation. The 
electromechanical mouse, hoWever, has drawbacks associ 
ated With many other devices that have mechanical parts. 
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Namely, over time the mechanical components Wear out, 
become dirty, or simply break doWn so that the cursor can 
no longer be accurately manipulated, if at all. 

[0009] An optical mouse reduces, and in some instances 
eliminates, the number of mechanical parts. A conventional 
optical mouse uses a lens to generate an image of a geo 
metric pattern located on an optical reference pad. The 
conventional optical mouse uses a light beam to illuminate 
an optical reference pad having a special printed mirror 
geometric pattern. The geometric pattern is typically a grid 
of lines or dots that are illuminated by the light source and 
then focused by a lens on a light detector in the conventional 
optical mouse. 

[0010] Typically, the grids are made up of orthogonal lines 
With vertical and horiZontal lines that are printed in different 
colors and so that When the grid is illuminated, the grid 
re?ects light at different frequencies. The colors absorb light 
at different frequencies so that optical detectors of the optical 
mouse can differentiate betWeen horiZontal and vertical 
movement of the conventional optical mouse. The photode 
tector picks up a series of light-dark impulses that consist of 
re?ections from the printed mirror surface and the grid lines 
and converts the impulses into square Waves. A second LED 
and photodetector, mounted orthogonally to the ?rst, is used 
to detect motion in an orthogonal direction. The conven 
tional optical mouse counts the number of impulses created 
by its motion and converts the result into motion information 
for the cursor. 

[0011] The conventional optical mouse provides the 
advantage of reducing or eliminating the number of 
mechanical parts. The conventional optical mouse, hoWever, 
has several draWbacks. One problem With the conventional 
optical mouse is that it requires an optical pad as described 
above. To eliminate the optical pad, a coherent light source 
Was used With the conventional optical mouse. The coherent 
light source illuminated the surface directly beloW the 
mouse on most surfaces, eXcept mirror-like surfaces. The 
use of a coherent light source, hoWever, produced more 
problems. 
[0012] The ?rst problem the conventional coherent light 
optical mouse incurs is from the use of coherent light and 
speckles. Speckles are a phenomenon in Which light from a 
coherent source is scattered by a patterned surface, such as 
the grid, to generate a random-intensity distribution of light 
that gives the surface a granular appearance. In the conven 
tional coherent light optical mouse it is necessary to generate 
images of speckles to replace the optical pad. The imaging 
resolution is given by a photosensor pitch, e.g., the distance 
betWeen tWo neighboring piXels or the periodicity, A, of the 
detector, a value that typically ranges from 10 micrometers 
to 500 micrometers. Elements in the image plane having a 
siZe smaller than this periodicity are not properly detected. 

[0013] A pattern is improperly detected by an imaging 
device When it is too small. The image is ambiguous if the 
pattern is smaller than the piXel siZe. A measure of speckle 
siZe, or more precisely speckle average diameter A, can be 
shoWn as A=(2/J'c) (MAP), Where 7» is the light Wavelength 
and AP is a measure of an aperture of the optical system. The 
aperture of the optical system may be de?ned as AP=(Wp/ 
di), Where Wp is half the diameter of the aperture and di is 
the distance from the lens to the image plane. 

[0014] Conventional coherent light optical systems found 
in the conventional coherent light optical mouse devices 
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exhibit AP values in the range of 0.2 to 0.8. The maximal 
speckle siZe is then approximately 107». For commercially 
available coherent light sources (7»=0.6 to 0.96 microme 
ters), imaging such a small pattern is currently not achiev 
able at full resolution With current semiconductor technol 
ogy. Thus, ambiguous and hard to interpret data is read from 
the sensor When a speckle is smaller than the imaging 
resolution. This, in turn, leads to erroneous displacement 
estimates that adversely affect system performance by pro 
ducing an erroneous displacement sign value. 

[0015] Conventional optical systems that use a coherent 
light source produce an illumination spot that must be 
correctly aligned With a sensor to generate a speckled 
surface image. Mechanical positioning of the illumination 
spot is achieved With some tolerance, such that the illumi 
nated spot image on the image plane must be Wider than the 
sensor to make sure the sensor is fully covered by the image 
of the illumination spot. Having a Wide spot results in a 
re?ected spot having a reduced poWer intensity that the 
photosensor array must detect. Thus, attempts by conven 
tional optical systems to solve position tolerance, i.e., mis 
alignment, Were accompanied by a loss of re?ected light that 
can be captured by the photosensor array. 

[0016] Another problem With conventional optical point 
ing devices based on speckle image analysis is sensitivity of 
an estimation scheme to statistical ?uctuations. Because 
speckles are generated through phase randomiZation of 
scattered coherent light, the speckle pattern has a de?ned 
siZe on average, but can exhibit local patterns not consistent 
With its average shape. Therefore, it is unavoidable for the 
system to be locally subjected to ambiguous or hard to 
interpret data, such as Where a speckle count observed by the 
imaging system is small. 

[0017] An additional problem in conventional optical 
pointing devices is attaining a small displacement resolution 
Without signi?cantly increasing costs due to increased hard 
Ware complexities and increased computational loads. Vari 
ous methods exist to estimate relative displacement from the 
analysis of tWo images of a moving target based on corre 
lation techniques. Typically the correlation betWeen the 
neWly acquired image and the previous image is computed, 
and the estimated displacement betWeen the tWo images is 
found at the spatial coordinates Where a peak of the corre 
lation function occurs. An exhaustive search of the peak 
value is possible after all values of the cross-correlation 
function are computed. 

[0018] NeW images are acquired on a regular basis, at an 
acquisition rate alloWing at least one common part of the 
image to be included in tWo successive snapshots, even at 
high speed. The smallest resolvable displacement, or dis 
placement resolution, is the image resolution, e.g., the 
photodetector array periodicity A, divided by the optical 
magni?cation, mag, Where mag=(di/do), and di, do are 
de?ned as the image distance and the object distance, 
respectively, as referenced to the lens position. 

[0019] For even higher displacement resolutions, sub 
pixel displacement can be obtained through interpolation by 
a factor I, hoWever With an excessive increase of computa 
tions. Evaluations of the cross-correlation function of tWo 
images of siZe M><M requires roughly 4 (M4) Multiply-And 
Accumulate (MACs), Which translates into 4 (M4)/T_acq 
instructions-per-second (MIPs/1,000,000), Where T_acq is 
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the time period betWeen tWo acquisitions. Typically, T_acq 
is betWeen 50 microseconds and 1 millisecond. Such large 
computational load required costly and poWer hungry digital 
hardWare Which is dif?cult to integrate in a small hand held 
pointing device. 

[0020] One more problem With conventional optical point 
ing devices based on cross-correlation detection is that they 
are insensitive to displacement occurring When the pointing 
device speed is loWer than the image resolution divided by 
(mag*T_acq), that is for a displacement smaller than a pixel. 
Any diagonal displacement at loW speed may be registered 
along one direction and ignored along the other depending 
on the tWo displacement components compared to the detec 
tion limit. This effect translates into the cursor being 
“snapped” along the fastest moving direction. 

[0021] Therefore, there is a need for a system and method 
that (1) provides for detection of motion of an optical 
pointing device relative to a surface; (2) provides an optical 
detection system With an optical sensing assembly having an 
optical element With an arti?cially limited aperture that is 
matched With a photosensor array to generate a speckle 
image and an image data signal therefrom; (3) provides an 
optical detection system With an optical sensing assembly 
having one or more lenses optically matched With one or 
more photosensor arrays to generate a speckle image and an 
image data signal therefrom; and (4) provides a method for 
generating an unambiguous image data signal to determine 
displacement relative to a surface. 

SUMMARY OF THE INVENTION 

[0022] Generally, the present invention includes an optical 
detection system, device, and method for detection of 
motion of an optical pointing device relative to a surface. 
The system and method of the present invention includes a 
coherent light source, an optical sensing assembly, a cross 
correlation module, and a microcontroller. 

[0023] The coherent light source, for example, a laser 
diode, produces a coherent light beam that generates an 
illumination spot on a surface, or object plane, and is 
scattered off of the surface. The scattered light is directed 
toWards, and received by, the optical sensing assembly. The 
optical sensing assembly includes one or more photosensor 
arrays and one or more optical elements. Each photosensor 
array of the plurality of photosensor arrays includes pixels of 
a particular siZe and a de?ned shape. The pixel is a single 
photosensitive element in the photosensor array. In addition, 
each optical element of the plurality of optical elements 
includes an arti?cially limited aperture. The received 
re?ected illumination spot passes through the optical ele 
ments and forms speckle images on the photosensor, or 
image, plane. 
[0024] The optical sensing assembly is con?gured so that 
each arti?cially limited aperture is optically matched, either 
isotropically for a square pixel or anisotropically for other 
pixel shapes, to a corresponding photosensor array based on 
that photosensor array’s pixel shape. Optical matching 
alloWs for the set of speckle images, having a varying 
speckle siZe, to have a single speckle cover at least one pixel 
of the photosensor array. Note that optical matching makes 
sure that the average siZe of a speckle image is larger than 
the pixel for both x and y directions. The pixel values from 
the speckle image that are received by the photosensor array 




















