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LIGHT MODULATING INPUT DEVICE FOR 
CAPTURING USER CONTROL INPUTS 

BACKGROUND 

[0001] The use of a hand operated pointing device for use 
With a computer and its display has become almost univer 
sal. One form of the various types of pointing devices is the 
optical pointing device. In one form of an optical pointing 
device, a light source Within an optical pointing device 
illuminates a navigation surface, such as a ?nger or a 
desktop, that is external to the pointing device. Light is 
re?ected oif the navigation surface and onto an image sensor 
Within the optical pointing device for detection as relative 
movement information as the pointing device is moved 
relative to the navigation surface. This information is used to 
direct a corresponding movement of a screen pointer. 

[0002] Conventional imaging surfaces, such as ?ngertips, 
desktops, mouse pads, etc. typically have some noise asso 
ciated With them due to dirt, surface irregularities, etc. that 
can interfere With generating accurate movement informa 
tion. While a pointing device can control the light source and 
the sensor package, the quality and type of navigation 
surface is typically chosen by the user of the pointing device. 
Despite many approaches to compensating for varying types 
of navigation surfaces (e.g., highly re?ective, highly absorb 
ing, dirty, etc.), the quality of the navigation surface still 
affects performance of the optical pointing devices. 

[0003] Conventional pointing devices are often too large 
for smaller applications, such as personal digital assistants, 
mobile phones, handheld computers, portable audio players, 
etc. In some instances, a conventional pointing device is 
poorly adapted to execute neW functions of evolving elec 
tronic devices, as Well to accommodate the Widely varying 
shapes and con?gurations of these neW class of electronic 
devices. 

[0004] Accordingly, manufacturers and designers of elec 
tronic devices still face challenges in reducing the siZe of 
pointing devices While enhancing the accuracy, adaptability, 
and effectiveness of those pointing devices. 

SUMMARY 

[0005] Embodiments of the invention are directed to a 
light modulating input device for capturing user control 
inputs. In one embodiment, an input device comprises a light 
source, a light modulator, and a sensor. The light modulator 
is con?gured to emit a path of light. The light modulator is 
arranged relative to the light source transversely across the 
path of light to produce a light contrast pattern from the light 
modulator. The sensor module is con?gured to detect rela 
tive motion betWeen the light contrast pattern and the sensor 
module. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1A is a block diagram illustrating major 
components of an optical input device, according to one 
embodiment of the present invention. 

[0007] FIG. 1B is a block diagram illustrating an optical 
input device, according to an embodiment of the present 
invention. 

[0008] FIG. 2 is a How diagram illustrating a method for 
generating movement data, according to one embodiment of 
the present invention. 
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[0009] FIG. 3 is a perspective vieW of an input device, 
according to one embodiment of the present invention. 

[0010] FIG. 4 is a sectional vieW of the input device of 
FIG. 3, as taken along lines 3-3, according to one embodi 
ment of the present invention. 

[0011] FIG. 5A is a block diagram illustrating major 
components of an optical input device, according to one 
embodiment of the present invention. 

[0012] FIG. 5B is a plan vieW illustrating a light modu 
lator, according to one embodiment of the present invention. 

[0013] FIG. 5C is a plan vieW illustrating a light modu 
lator, according to one embodiment of the present invention. 

[0014] FIG. 6A is a block diagram illustrating major 
components of an optical input device, according to one 
embodiment of the present invention. 

[0015] FIG. 6B is a plan vieW illustrating a light modu 
lator, according to one embodiment of the present invention. 

[0016] FIG. 7A is a top plan vieW illustrating an optical 
input device, according to an embodiment of the present 
invention. 

[0017] FIG. 7B is a sectional vieW of the input device of 
FIG. 7A, as taken along lines 7B-7B, according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION 

[0018] In the folloWing Detailed Description, reference is 
made to the accompanying draWings, Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. In 
this regard, directional terminology, such as “top,”“bottom, 
’"‘front,’"‘back,”“leading,”“trailing,” etc., is used With ref 
erence to the orientation of the Figure(s) being described. 
Because components of embodiments of the present inven 
tion can be positioned in a number of different orientations, 
the directional terminology is used for purposes of illustra 
tion and is in no Way limiting. It is to be understood that 
other embodiments may be utiliZed and structural or logical 
changes may be made Without departing from the scope of 
the present invention. The folloWing Detailed Description, 
therefore, is not to be taken in a limiting sense, and the scope 
of the present invention is de?ned by the appended claims. 

[0019] Embodiments of the invention are directed to an 
input device comprising a light source for illuminating a 
light modulator in Which motion of the illuminated light 
modulator relative to a sensor is detected at the sensor to 
capture human control inputs associated With the relative 
motion. In one embodiment, the light modulator is inter 
posed betWeen the light source and the sensor to introduce 
a prede?ned pattern in the light as it passes through the light 
modulator on its Way to the sensor. The light modulator 
comprises a diffraction element, an interference element, or 
element producing a pattern of varying light intensities. As 
a result, a unique pattern of differing light intensities is 
received at the sensor in the form of lines, speckles, or 
singular dots, etc. 

[0020] In one aspect, the light modulator comprises a 
navigation surface that is illuminated (e.g., backlit) by the 
light source With the sensor receiving light patterns trans 
mitted from the backlit navigation surface. Different posi 
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tions of the light modulator relative to the sensor cause 
dilfering light patterns to be received at the sensor that are 
compared over time to capture human control inputs. Light 
patterns received at the sensor for comparison are produced 
via a light modulator, Which comprises an at least partially 
opaque pattern of a lens or generally transparent surface 
through Which the light is transmitted. These transmissive 
light patterns are different than re?ected images used in 
conventional optical pointing devices in Which an image 
received at a sensor array is produced by light re?ected 
and/ or scattered off of a navigation surface, such as a mouse 
pad. 

[0021] In one embodiment, the light source and the light 
modulator are ?xed relative to each other to operate as a 
single unit that projects a light contrast pattern of varying 
light intensities onto a sensor. Accordingly, in this embodi 
ment, the light source and the light modulator function as a 
contrast pattern projecting mechanism arranged to directly 
transmit a light contrast pattern onto a sensor that is posi 
tioned generally perpendicular to the transmitted light path 
from the projecting mechanism. Movement of the projecting 
mechanism, and therefore movement of the projected con 
trast pattern, occurs in a plane that is generally parallel to the 
sensor and generally perpendicular to the light transmitted 
from the projecting mechanism. 

[0022] In one embodiment, the light source and light 
modulator are embodied in a mobile housing Which is 
con?gured for lateral movement relative to a sensor array. In 
one aspect, the mobile housing comprises a puck that is 
slidably movable relative to a support structure With the 
support structure also suspending the light modulator of the 
puck in a spaced relationship relative to the sensor array to 
enable light to be transmitted through the light modulator for 
reception at the sensor array. In one embodiment, a con 
straining mechanism limits lateral movement of the mobile 
housing Within a prede?ned ?eld of motion relative to the 
sensor array. 

[0023] Embodiments of the invention are directed to gen 
erating relative motion information to capture human control 
inputs. These inputs are used for controlling a screen pointer, 
selecting or manipulating symbols visible on a display 
device, video game controllers, for direct control of a 
mechanical or electrical system such as speed and turn 
inputs for controlling an automobile or toy vehicle, or any 
other application Where one-dimensional or tWo-dimen 
sional control inputs are useful. Additional examples include 
portable electronic devices, such as mobile phones, portable 
audio devices, personal digital assistants, electronic cam 
eras, etc. 

[0024] These embodiments, and others, and described and 
illustrated in greater detail in association With FIGS. 1-7B. 

[0025] FIG. 1A is a block diagram illustrating major 
components of an optical input device 10 according to one 
embodiment of the present invention. As shoWn in FIG. 1A, 
optical input device 10 comprises mobile housing 12 and 
sensor module 30 including photodetector array 32. Mobile 
housing 12 comprises light source 20 and light modulator 24 
With ?rst surface 25. In one embodiment, ?rst surface 25 
de?nes a navigation surface. 

[0026] In one embodiment, optical input device 10 also 
comprises lens 50 disposed betWeen ?rst surface 25 of 
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mobile housing 12 and sensor module 30, serving to image 
?rst surface 25 upon photodetector array 32. This embodi 
ment is employed When there is a relatively large distance 
(H1) betWeen ?rst surface 25 and photodetector array 32 of 
sensor module 30. In another embodiment, lens 50 is omit 
ted When height (H1) betWeen ?rst surface 25 and photo 
detector array 32 of sensor module 30 is relatively small or 
negligible. This small height enables ?rst surface 25 to be 
imaged at photodetector array 32 at an adequate resolution 
Without an intervening lens. 

[0027] In one embodiment, input device 10 is in electrical 
communication With and supports operation of display 12 to 
serve as a pointing device for controlling screen pointer 14 
on display 12. In another embodiment, input device 10 is not 
restricted to controlling a screen pointer, and is used more 
generally to capture user inputs for a Wide variety of devices 
and applications as previously described. 

[0028] As shoWn in FIG. 1A, in one embodiment mobile 
housing 12 is con?gured for lateral movement (as indicated 
by directional arroW M) betWeen boundaries 40A and 40B, 
While also being maintained in a generally vertical position 
above and spaced apart from sensor module 30 (as indicated 
by height Hi). First surface 25 of mobile housing 12 is 
maintained in a generally parallel position relative to pho 
todetector array 32 of sensor module 30. In one embodi 
ment, boundaries 40A and 40B are separated by a Width W1 
and together generally de?ne a ?eld of motion through 
Which housing 12 is permitted to move laterally relative to 
sensor module 30. In one aspect, a Width of photodetector 
array 32 generally corresponds to the Width W1 betWeen 
boundaries 40A and 40B, and therefore generally corre 
sponds to the ?eld of motion of housing 12. 

[0029] In one embodiment, light modulator 24 comprises 
an at least partially transparent member (e.g., a surface, lens, 
or other member) that modulates or alters light from light 
source 20 that is transmitted through light modulator 24 to 
produce an image suitable for detection at photodetector 
array 32. In one aspect, light modulator 24 comprises a 
distinctive opaque pattern on a generally transparent mem 
ber (or conversely, a transparent pattern on a generally 
opaque member) suitable for comparison With other like 
images received at photodetector array 32. Additional 
aspects of contrast patterns (i.e., light patterns having light 
and dark portions of varying intensity) produced via light 
modulator 24 are described and illustrated in greater detail 
in association With FIGS. 2-6B. 

[0030] In one aspect, because ?rst surface 25 of housing 
12 e?fectively acts as a navigation surface, movement infor 
mation generated via photodetector array 32 based on ?rst 
surface 25 is highly accurate because the features of this 
navigation surface are knoWn and relatively stable. In one 
embodiment, ?rst surface 25-is generally excluded from 
dust, markings, etc. that otherWise can cause noise or bad 
pixels in digital images corresponding to the navigation 
surface. Accordingly, embodiments of the invention enable 
control over the type and quality of navigation surface as 
Well as protection of the navigation surface based on its 
general exclusion from ambient conditions (external to input 
device 10), as Will be further illustrated in association With 
FIGS. 3-4. 

[0031] In one embodiment, sensor module 30 forms a 
portion of optical navigation sensor integrated circuit (IC) 
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60. As shown in FIG. 1A, optical navigation sensor 60 
includes digital input/output circuitry 66, navigation proces 
sor 68, analog to digital converter (ADC) 72, photodetector 
array 32 (of sensor module 30), and light source driver 
circuit 86. In one embodiment, sensor 60 comprises an 
electronic image sensor, including but not limited to, a 
charge coupled device (CCD) or a complimentary metal 
oxide semiconductoriactive pixel sensors (CMOSiAPS). 
Both types of sensors contain an array of photodetectors 
(e.g., pixels), arranged in a pattern. 

[0032] In operation, according to one embodiment, light 
source 20 emits light (A) through light modulator 24 (Which 
also de?nes navigation surface 25), and illuminated images 
(B) are generated. In one embodiment, light source 20 is a 
light emitting diode. In one embodiment, light source 20 is 
a coherent light source or an at least partially coherent light 
source. In one embodiment, light source 20 is a laser. In one 
form of the invention, light source 20 is a vertical cavity 
surface emitting laser (VCSEL) diode. In another form of 
the invention, light source 20 is an edge emitting laser diode. 
Light source 20 is controlled by driver circuit 86, Which is 
controlled by navigation processor 68 via control line 70. In 
one embodiment, control line 70 is used by navigation 
processor 68 to cause driver circuit 86 to be poWered on and 
off, and correspondingly cause light source 20 to be poWered 
on and off. 

[0033] Images (B) emanating from ?rst surface 25 of 
mobile housing 12 are projected directly onto photodetector 
array 32 Without interaction (e. g., re?ection) With any inter 
vening structures. Each photodetector in photodetector array 
32 provides a signal that varies in magnitude based upon the 
intensity of light incident on the photodetector. The signals 
from photo array 32 are output to analog to digital converter 
(ADC) 72, Which converts the signals into digital values of 
a suitable resolution (e.g., six bits). The digital values 
provide a digital representation of the illuminated pattern on 
photodetector array 32 produced via transmission of light 
through navigation surface 25, Which acts as a light modu 
lator. The digital values generated by analog to digital 
converter 72 are output to navigation processor 68. The 
digital values received by navigation processor 68 are stored 
as a frame Within memory 69. Different frames of light 
patterns detected at photodetector array 32 are compared 
over time. In one aspect, successive frames are compared 
While in other aspects, non-sequential frames are compared. 

[0034] In another aspect, as shoWn in FIG. 1A, light 
modulator 24 has Width (W2) and photodetector array 32 has 
a Width (W3). In one aspect, a Width of each of respective 
light modulator 24 and photodetector array 32 inferentially 
generally corresponds to a surface area of the respective 
light modulator 24 and sensor array. Accordingly, in one 
embodiment, light modulator 24 has a surface area (infer 
entially represented by Width W2) that is substantially larger 
than a surface area of photodetector array 32 (inferentially 
represented by Width W3). In this embodiment, light modu 
lator 24 comprises a plurality of opaque features spaced 
apart on a generally transparent member so that as light 
modulator 24 is moved relative to photodetector array 32, 
the light contrast pattern detected at photodetector array 32 
generally corresponds to a unique position of light modu 
lator 24 relative to photodetector array 32. Frames of neWly 
detected light contrast patterns are compared With reference 
frames of detected light contrast patterns to thereby deter 
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mine a direction, amount and speed of relative motion of the 
light contrast pattern relative to the photodetector array 32. 

[0035] In another embodiment, light modulator 24 has a 
surface area (inferentially represented by Width W2) that is 
substantially less than a surface area of photodetector array 
32 (inferentially represented by Width W3). In this embodi 
ment, light modulator 24 comprises a single opaque feature 
centrally arranged on a generally transparent member so that 
as light modulator 24 is moved relative to photodetector 
array 32, the single opaque feature generally corresponds to 
a unique absolute position of light modulator 24 relative to 
sensor array 24. The single opaque feature enables direct 
tracking of the absolute position of the opaque feature 
Without using frame comparison techniques. This direct 
tracking mechanism indicates a direction and magnitude of 
relative motion of the light contrast pattern relative to 
photodetector array 32. 

[0036] In one embodiment, relative movement betWeen 
light modulator 24 and the sensor module 30 occurs in a 
generally singular plane along tWo dimensions. In another 
embodiment, relative movement betWeen the light modula 
tor 24 and the sensor module 30 also occurs along a 
generally singular plane but is restricted to movement along 
a single dimension. 

[0037] FIG. 1B is a block diagram illustrating an input 
device 90, according to an embodiment of the invention. As 
shoWn in FIG. 1A, input device 90 comprises light source 
92, light modulator 94 and sensor 96, Which have substan 
tially the same features and attributes as previously 
described for light source 34, light modulator 24, and sensor 
module 30 of input device 10 in association With FIG. 1A. 

[0038] As shoWn in FIG. 1B, light modulator 94 is posi 
tioned transversely across a path of light emitted from light 
source 92 to produce a light contrast pattern (i.e., a pattern 
of varying light intensities) that is directly transmitted to 
sensor 96. Relative motion betWeen the light contrast pattern 
and sensor 96 is detected at sensor 96. FIG. 1B illustrates 
different arrangements of enabling relative motion among 
light source 92, light modulator 94 and sensor 96 to produce 
changing light patterns at sensor 96 to capture human 
control inputs. 

[0039] In one embodiment, as already represented in FIG. 
1 A, light source 92 and light modulator 94 are ?xed relative 
to each other but movable as single unit relative to a ?xed 
sensor 96. In another embodiment, light source 92 is ?xed 
relative to a ?xed sensor 96, and light modulator 94 is 
movable relative to both light source 92 and sensor 96. In 
another embodiment, light modulator 94 and sensor 96 are 
?xed relative to each other and light source 92 is movable 
relative to light modulator 94. In addition, other combina 
tions are possible such as light source 92 and light modulator 
94 being ?xed relative to each other, but sensor 96 being 
movable relative to both light modulator 94 and light source 
92. Each of these different embodiments represented by FIG. 
1B use light transmitted through light modulator 94 to 
produce a changing pattern of light detected at sensor 96 
over time to thereby capture human control inputs associated 
With the motion of one or more of light source 92, light 
modulator 94, and sensor 96 relative to each other. 

[0040] Different aspects of these embodiments of input 
device 90 are described and illustrated in further detail in 
association With FIGS. 1 and 2-7B. 
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[0041] FIG. 2 illustrates a method 100 of optical naviga 
tion using a pointing device, according to an embodiment of 
the invention. As shown in FIG. 2, at 102, a path of light is 
directed from a light source through a generally transparent 
?rst surface that includes at least one opaque region. In one 
aspect, the at least one opaque region comprises a plurality 
of opaque portions spaced apart from each other over the 
generally transparent surface to form a knoWn or prede?ned 
pattern. In one aspect, the plurality of opaque portions 
comprises a pseudo-random pattern With each of the opaque 
portions varying in siZe and shape, and With varying spacing 
betWeen adjacent opaque portions. In another aspect, the 
?rst surface conversely comprises a generally opaque mem 
ber including a plurality of transparent regions or portions 
arranged in a manner substantially the same as the previ 
ously described plurality of opaque portions (on the gener 
ally transparent member). 

[0042] At 104, the illuminated surface is moved relative to 
the sensor module in a generally lateral orientation. In one 
aspect, this lateral movement occurs in tWo dimensions that 
are generally horiZontal relative to the sensor array. In 
another aspect, this relative movement of the illuminated 
surface relative to the sensor array is constrained to a single 
dimension that is generally horizontal relative to the sensor 
array. 

[0043] At 106, movement information is generated based 
on the relative movement betWeen the ?rst surface and the 
sensor module. In one aspect, although the pattern of opaque 
portions (or transparent portions, conversely) is ?xed on the 
?rst surface, illuminated light contrast patterns (e.g., light 
contrasting images) received at the sensor array are differ 
entiated by their relative position as detected on the sensor 
array as the ?rst surface is moved relative to the sensor array. 
Comparison of these differently positioned light contrast 
patterns (relative to the sensor array) enables determining a 
magnitude and direction of movement of the ?rst surface to 
generate relative motion information for human control 
inputs. 

[0044] In one aspect, light contrast patterns received at the 
sensor array for comparison are images of an illuminated 
surface through Which light Was transmitted on its path to the 
sensor array. These transmissive images or transmissive 
light patterns (i.e., images or patterns created by transmis 
sion of light through a transparent member) are different 
than re?ected images used in conventional optical pointing 
devices in Which an image received at a sensor array is 
produced by re?ection off of a surface. 

[0045] In one embodiment, method 100 is performed 
using input device 10 as previously described and illustrated 
in association With FIG. 1A, and as Well as pointing devices 
90, 150, 250, or 275, as described in association With FIGS. 
1B, 4, 5A-5B, 6A-6B, and 7A-7B. 

[0046] FIG. 3 illustrates a pointing device 150, according 
to an embodiment of the invention. As shoWn in FIG. 3, 
pointing device 150 comprises puck 152, support structure 
160, and sensor module 170. In one embodiment, puck 152 
and sensor module 170 have substantially the same features 
and attributes as mobile housing 12 and sensor module 30, 
as previously described in association With FIG. 1A. 

[0047] In one embodiment, puck 152 comprises ?rst por 
tion 154 and second portion 156 With the second portion 156 
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extending generally outWard, and generally perpendicular 
relative to ?rst portion 154. In one embodiment, ?rst portion 
154 comprises a generally disc-shaped member While sec 
ond portion 156 comprises a generally cylindrically shaped 
or tubular shaped member. In one aspect, ?rst portion 154 
and/or second portion 156 comprises light source 155 for 
illuminating ?rst surface 158 (i.e., a navigation surface) of 
second portion 156. First portion 154 of puck 152 also 
comprises upper surface 178 and a bottom surface 180. 

[0048] In another embodiment, ?rst portion 154 comprises 
other shaped members, such as a generally rectangular 
shaped member While second portion 156 also comprises 
other shaped members such as a generally rectangular 
shaped member. 

[0049] In one embodiment, light source 155 comprises a 
light emitting diode (LED). In another embodiment, light 
source 155 comprises a portion of light that is conveyed to 
puck 152 from an external location, such as a remote LED, 
and then fed via a light guide into puck 152 to produce light 
source 155 Within the puck 152. This latter embodiment is 
substantially the same as the embodiment later described in 
association With FIGS. 7A-7B. 

[0050] As shoWn in FIG. 3, support structure 160 com 
prises top surface 161, opening 162, and bottom surface 163. 
Opening 162 has a shape (e.g., generally circular) and a 
Width that enables constrained movement of second portion 
156 of puck 152 Within opening 162. Accordingly, second 
portion 156 is alloWed to move freely in a generally unlim 
ited manner, such as side-to-side motion, spiral motion, etc., 
Within the boundary de?ned by the sideWalls of hole 162 of 
support structure 160. In another embodiment, opening 162 
de?nes an elongate slot to enable slidable movement of 
second portion 156 of puck 152 along a single dimension 
relative to support structure 160. 

[0051] As shoWn in FIG. 3, top surface 161 of support 
structure 160 is arranged for sliding contact With bottom 
surface 180 of ?rst portion 154. First portion 154 is siZed and 
shaped to enable a ?nger to engage upper surface 178 for 
laterally moving ?rst portion 154 of puck 152 relative to 
support structure 160. Movement of ?rst portion 154 relative 
to support structure 160 causes movement of second portion 
156 relative to sensor array 172 of sensor module 170, 
thereby producing relative motion of a light contrast pattern 
(projected from second portion 156) and sensor array 172 to 
enable capturing user control inputs. 

[0052] FIG. 4 is a sectional vieW of FIG. 3, as taken along 
lines 4-4, according to an embodiment of the invention. As 
shoWn in FIG. 4, pointing device 152 comprises the features 
and attributes illustrated in FIG. 3, and further comprises 
retaining mechanism 190 for preventing second portion 156 
of puck 152 from being lifted out of (or falling out of) hole 
162. In one embodiment, retaining mechanism 190 com 
prises a generally disc shaped member or a pair of ?nger-like 
projections or Wings 192 that loosely engage bottom surface 
163 of support structure 161. In one aspect, retaining mecha 
nism 190 does not restrict or limit lateral movement of puck 
154 relative to support structure 160. 

[0053] In another embodiment, retaining mechanism 190 
permits lateral movement of puck 154 relative to support 
structure 160 but is also biased against support structure 160 
to maintain puck 152 in a stationary position to prevent 
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unintended lateral movement of puck 152 until or unless a 
force is applied by the user to move puck 152 laterally 
relative to support structure 160. In one aspect, restraining 
mechanism 190, When biased against support structure 160, 
acts to maintain a constant height betWeen ?rst surface 158 
and sensor array 172. 

[0054] In other embodiments, pointing device 150 
includes other mechanisms, such as re-centering mecha 
nisms, for controlling the motion of puck 152 relative to 
support structure 160, as later described in association With 
FIGS. 7A-7B. 

[0055] As shoWn in FIG. 4, in one embodiment, controller 
module 194 is a simpli?ed representation of sensor inte 
grated circuit 60 (FIG. 1) and is in electrical communication 
With light source 155 via lines 196. In one aspect, control 
lines 196 extend into and Within second portion 156 for 
connection With light source 155 Within puck 154. 

[0056] Accordingly, movement of ?rst portion 154 of 
puck 152 (as indicated by arroW M1) causes movement of 
navigation surface 158 (as indicated by arroW M2) relative 
to sensor array 172 to generate relative motion information 
to capture human control inputs. 

[0057] FIG. 5A is a block diagram illustrating a pointing 
device 250, according to an embodiment of the invention. 
Pointing device 250 comprises substantially the same fea 
tures and attributes as input device 10, 90 and 150, as 
previously described in association With FIGS. 1A-4. As 
shoWn in FIG. 5A, pointing device 250 comprises mobile 
housing 252 and optical navigation sensor 254 With mobile 
housing 252 comprising light source 260 and light modu 
lator 262. In one embodiment, light source 260 comprises a 
light emitting diode (LED). In another embodiment, light 
source 260 comprises other light sources, such as those 
producing substantially coherent light or at least partially 
coherent light. 

[0058] In one embodiment, light modulator 262 comprises 
a mask for modulating light emitted from light source 260 
prior to reception at optical navigation sensor 254. In one 
aspect, light modulator 262 comprises a shadoW mask, 
aperture grill, or related structure including a transparent 
member With a prede?ned pattern of opaque portions to 
cause absorption, scattering, etc. of light, thereby serving to 
form an illumination pattern of light modulator 262 at 
navigation sensor 254. 

[0059] FIG. 5B is a plan vieW ofa mask 270, according to 
an embodiment of the invention. As shoWn in FIG. 5B, mask 
270 comprises a generally disc shaped member (having a 
generally circularly shaped appearance When seen in a plan 
vieW) that generally corresponds to a cross-sectional shape 
of mobile housing 252. In other embodiments, mask 270 
comprises a generally rectangular shaped member or other 
shape suitable for serving as a transverse member to modu 
late a path of light. 

[0060] In one embodiment, mask 270 is a generally trans 
parent member 271 that includes a plurality of opaque 
portions 272 spaced apart from each other and arranged in 
a distinctive, ?xed pattern. In one embodiment, opaque 
portions 272 are arranged in a pattern generally correspond 
ing to a pseudo-random pattern. In one aspect, the plurality 
of opaque portions vary in siZe and/ or shape With the pattern 
de?ning varying spacing betWeen adjacent opaque portions 
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272. In one aspect, a surface area occupied by the plurality 
of opaque portions 272 (including the spacing betWeen 
opaque portions 272) is substantially larger than a surface 
area of a sensor array of navigation sensor 254 to thereby 
enable unique comparisons of light patterns at navigation 
sensor 254 as relative motion occurs betWeen mask 270 and 
a sensor array of navigation sensor 254. The unique com 
parisons are based on variations in the siZe, shape, and 
position of the opaque portions 272. 

[0061] In another embodiment, mask 270 is a generally 
opaque member 271 that includes a plurality of transparent 
portions 272. In another embodiment, mask 270 is a semi 
transparent member 271 that includes a plurality of opaque 
portions 272. 

[0062] As previously described, the pattern on mask 270 
is arranged to enable comparison of a sequence of images or 
light patterns of the illuminated mask 270. Each image or 
different light pattern in the comparison generally corre 
sponds to a different position of mask 270 relative to optical 
navigation sensor 254 as mask 270 (as part of housing 252) 
is moved relative to optical navigation sensor 254. Com 
parison of these differing images or differing light patterns 
enables determining a speed and/or direction of motion of 
housing 277 and enables movement information to be gen 
erated to capture user control inputs associated With optical 
navigation sensor 254. 

[0063] FIG. 5C is a plan vieW ofa mask 273, according to 
an embodiment of the invention. As shoWn in FIG. 5B, mask 
273 comprises a generally disc shaped member (having a 
generally circularly shaped appearance When seen in a plan 
vieW) that generally corresponds to a cross-sectional shape 
of mobile housing 252. Mask 273 is a generally transparent 
member 271 that includes a single centrally located opaque 
portion 274. Opaque portion 274 includes a generally cir 
cular shape. In other embodiments, opaque portion 274 
comprises any one of a generally rectangular shape, a 
generally triangular shape, or other shape suitable for direct 
tracking by optical navigation sensor 254 A In other embodi 
ments, mask 273 comprises a generally rectangular shaped 
member or other shaped member. In another embodiment, 
mask 273 comprises a generally opaque portion 271 With a 
centrally located transparent portion 274. 
[0064] In one aspect, a surface area of opaque portion 274 
is substantially smaller than a surface area of a sensor array 
of navigation sensor 254 to thereby enable direct tracking of 
the speed and/or direction of opaque portion 274 at naviga 
tion sensor 254 to capture user control inputs as relative 
motion occurs betWeen mask 273 and a sensor array of 
navigation sensor 254. 

[0065] FIG. 6A is a block diagram illustrating a pointing 
device 275, according to an embodiment of the invention. 
Pointing device 275 comprises substantially the same fea 
tures and attributes as input device 10, 90 and 150, as 
previously described in association With FIGS. 1A-4. As 
shoWn in FIG. 6A, pointing device 275 comprises mobile 
housing 277 and optical navigation sensor 279. In one 
embodiment, mobile housing 277 comprises light source 
280, light pipe 282, diffuser 284, and light modulator 285. In 
one aspect, light source 280 is a light emitting diode (LED) 
With light emitted from the LED traveling through light pipe 
282 and di?fuser 284 to and through light modulator 285. 

[0066] In one embodiment, light modulator 285 comprises 
a grid or other mechanism for modulating light emitted from 
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light source 280 (and Which travels through light pipe 282 
and dilfuser 284) prior to reception at photocell array 279. 
In one aspect, photocell array 279 comprises photocell Aand 
photocell B arranged generally side-by-side manner. Light 
modulator 285 is con?gured, so that When illuminated via 
backlighting relative to photocell sensor array 279, to enable 
a phase shift detection algorithm or quadrature-type detec 
tion algorithm to be used to detect motion of the light 
modulator 285, and generate relative motion information for 
capturing user control inputs. 

[0067] In one embodiment, pointing device 275 comprises 
an external portion 287 that is external to and/ or an exten 
sion of mobile housing 277 at Which light source 280 is 
positioned external of mobile housing 277. In this embodi 
ment, light pipe 282 extends outside of mobile housing 277 
to receive light from light source 280, so that light source 
280 need not be contained Within mobile housing 277. In 
one aspect, light pipe 282 comprises a length that enables 
light to travel from light source 280 positioned outside 
mobile housing 277 into mobile housing 277 and then into 
di?fuser 284 and through light modulator 285. 

[0068] FIG. 6B comprises a plan vieW ofa grid 290 as one 
embodiment of light modulator 285, according to an 
embodiment of the invention. As shoWn in FIG. 6B, grid 290 
comprises an elongate, generally rectangular shaped mem 
ber, With only a portion of grid 290 is shoWn for illustrative 
purposes. Grid 290 is a generally transparent member 
including an array of modules 295 arranged side-by-side in 
series, Which further de?ne channels A and B. Channel A is 
de?ned by a plurality of marked portions 292A and 292B 
Which are arranged in series, With at least one unmarked 
portion 296 disposed betWeen adjacent marked portions 
292A and 292B. Channel B is de?ned by a plurality of 
marked portions 294A and 294B arranged in series, With at 
least one unmarked portion 296 interposed betWeen adjacent 
marked portions 294A and 294B. Marked portion 292A of 
channel A has a position that overlaps marked portion 294A 
of channel B, and marked portion 292B of channel A has a 
position generally overlapping marked portion 294B of 
channel B. 

[0069] In one embodiment, grid 290 is arranged as a light 
modulator such as light modulator 285 shoWn in FIG. 6A as 
positioned over sensor array 279. In particular, grid 290 is 
positioned so that channel A of grid 290 (including marked 
portions 292A, 292B) is positioned over photocell A and 
channel B of grid 290 (including marked portions 294A, 
294B) is positioned over photocell B. 

[0070] In use, images detected at photocell A relative to 
channel A and images detected at photocell B relative to 
channel B caused by movement of grid 290 along a single 
direction of motion (as indicated by directional arroW E) 
enables generating movement information based on relative 
movement of mobile housing 277 relative to photocell array 
279. Movement information is generated via comparison of 
images via a phase-shift detection algorithm or quadature 
type detection algorithm. 

[0071] FIG. 7A is diagram illustrating a top vieW of a 
pointing device 300, according to another embodiment of 
the present invention. FIG. 7B is a diagram illustrating a 
cross-sectional vieW along section line 7B-7B of the point 
ing device 300 shoWn in FIG. 7A according to one embodi 
ment of the present invention. In the illustrated embodiment, 
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pointing device 300 is con?gured in substantially the same 
manner as pointing device 150 (FIGS. 3-4), but puck 152 of 
pointing device 300 does not include a light source 155 
contained directly Within puck housing 154. Rather, pointing 
device 300 includes at least one of four light sources 
302A-302D positioned about a periphery of the ?eld of 
motion 319. Each of the light sources 302A-302D is posi 
tioned adjacent to one of the springs 313. In one form of the 
invention, springs 313 are formed from plastic, and are 
con?gured as light pipes to guide visible light from light 
sources 302A-302D to puck 152. In another form of the 
invention, ?ber optic lines are attached to or inserted through 
springs 313, to guide light from light sources 302A-302D to 
puck 152. In one embodiment, light sources 102A-102D are 
LEDs. Accordingly, springs 313 act to bring light from a 
remote source to puck 152 for transmission through light 
modulator 158 (shoWn in FIG. 7B) for reception at sensor 
module 170 (Which is not seen in FIG. 7A, but shoWn in 
FIG. 7B) to enable image comparisons to generate relative 
motion information to capture user control inputs. 

[0072] In one aspect, springs 313 also act as a re-centering 
mechanism to further constrain motion of puck 152 to a ?eld 
of motion. In particular, When the user moves puck 152 
(using ?nger 319) laterally outWard from a center region of 
slide surface 153 (e.g., top surface 161 in FIGS. 3-4) and 
then releases puck 152 by removing their ?nger 316 from 
puck 152, puck 152 is returned to its centered position by the 
springs 313 that connect the puck 152 to the side 314 of the 
puck ?eld of motion 319. In one aspect, user control inputs 
associated With puck 152 are deactivated When puck 152 is 
released for automatic re-centering. This aspect mimics the 
action of a conventional mouse When lifting the mouse from 
an edge of a navigation surface (eg a mouse pad) and 
replacing the mouse at the center of the navigation surface. 

[0073] In another embodiment, springs 313 do not act as 
light pipes to convey light into puck housing 154 but act 
only as a re-centering mechanism to re-center puck 152 
Within puck ?eld of motion 319. In this case, puck 152 
includes its oWn light source contained Within puck housing 
152. 

[0074] Embodiments of the invention are directed to an 
input device that uses an illuminated light modulator to 
serve as a navigation surface to enable an optical navigation 
sensor to base its movement calculations on transmissive 

images, i.e., light contrast patterns created by transmission 
of light through the navigation surface. In one aspect, the 
navigation surface is conveniently arranged in direct prox 
imity to the sensor array With no intervening structures 
therebetWeen and With little risk for contamination from 
ambient sources. In one embodiment, the navigation surface 
is arranged in a puck that is slidably movable over a support 
structure (e.g., slide pad) that also encloses the sensor array 
and the navigation surface from the ambient environment. 
Movement information for the input device is based on 
relative movement betWeen the illuminated navigation sur 
face and a sensor array. In this manner, the nature and type 
of the navigation surface is tightly controlled to produce 
highly accurate movement information for capturing user 
control inputs. 

[0075] It Will be understood by a person of ordinary skill 
in the art that functions performed by optical pointing 
devices 10, 90150, 250, 275, and 300 may be implemented 
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in hardware, software, ?rmware, or any combination 
thereof. The implementation may be via a microprocessor, 
programmable logic device, and state machine, or combi 
nations thereof. Components of the present invention may 
reside in software on one or more computer-readable medi 
ums. The term computer-readable medium as used herein is 
de?ned to include any kind of memory, volatile or non 

volatile, such as ?oppy disks, hard disks, CD-ROMs, ?ash 
memory, read-only memory (ROM), and random access 
memory. 

[0076] Although speci?c embodiments have been illus 
trated and described herein, it will be appreciated by those 
of ordinary skill in the art that a variety of alternate and/or 
equivalent implementations may be substituted for the spe 
ci?c embodiments shown and described without departing 
from the scope of the present invention. This application is 
intended to cover any adaptations or variations of the 
speci?c embodiments discussed herein. Therefore, it is 
intended that this invention be limited only by the claims and 
the equivalents thereof. 

1. An input device for capturing user control inputs, the 
input device comprising: 

a light source con?gured to omit a path of light; 

a light modulator arranged relative to the light source 
transversely across the path of light to produce a light 
contrast pattern from the light modulator, the light 
modulator comprising a generally transparent member 
including at least one opaque element and the light 
modulator being ?xed relative to the light source; and 

a sensor module including an electronic image sensor and 
con?gured to detect relative motion between the light 
contrast pattern and the sensor module via comparison 
or images of the light contrast pattern over a period of 
time to generate positional movement data of the light 
source and the light modulator relative to the sensor 
module. 

2. (canceled) 
3. The input device of claim a 1 and further comprising: 

a housing containing the light source and the light modu 
lator and the light modulator positioned at a ?rst 
surface of the housing to project the light contrast 
pattern from the ?rst surface; and 

a support structure con?gured to maintain the ?rst surface 
of the housing in a spaced relationship relative to the 
sensor module and to enable lateral movement of the 
?rst surface of the housing relative to the sensor 
module. 

4. The input device of claim 3 wherein the housing 
comprises a ?rst portion and a second portion extending 
generally perpendicularly outward from the ?rst portion 
wherein the ?rst portion of the housing is in sliding contact 
relative to the support structure and the second portion of the 
housing protrudes through an opening of the support struc 
ture to limit lateral movement of the housing relative to the 
support structure. 

5. The input device of claim 4 wherein the ?rst portion of 
the housing de?nes a puck and the input device further 
comprises a re-centering mechanism arranged at the support 
structure to maintain the puck within a prede?ned ?eld of 
motion. 
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6. The input device of claim 1 and further comprising a 
controller for causing a screen pointer to move on a display 
in response to the relative movement between the light 
modulator and the sensor module, the magnitude and direc 
tion of motion of the screen pointer cursor being determined 
by the magnitude and direction of motion of the light 
modulator relative to the sensor module. 

7. The input device of claim 1 wherein the light modulator 
comprises a mask de?ning a pseudo-random pattern of 
opaque portions, the light source comprises a light emitting 
diode, and the electronic image sensor of the sensor module 
comprises an optical navigation sensor. 

8-9. (canceled) 
10. The input device of claim 1 wherein the light source 

comprises at least one of a generally incoherent light source 
and a partially coherent light source. 

11. The input device of claim 1 wherein the electronic 
image sensor of the sensor module comprises a photodetec 
tor array, and the light modulator is con?gured so that the 
light contrast pattern has a surface area substantially larger 
than a surface area of the photodetector array of the elec 
tronic image sensor. 

12. An input device for capturing user control inputs, the 
input device comprising: 

a light source-con?gured to emit a path of light; 

a light modulator arranged relative to the light source 
transversely across the path of light to produce a light 
contrast pattern from the light modulator, wherein the 
light modulator comprises a single opaque portion 
centrally arranged on a generally transparent member; 
and 

a sensor module con?gured to detect relative motion 
between the light contrast pattern and the sensor mod 
ule, 

wherein the sensor module comprises a photodetector 
array and the light modulator comprises a single 
opaque portion centrally arranged on a generally trans 
parent member, with a surface area of the photodetector 
array being substantially larger than a surface area of 
the single opaque portion of the light modulator. 

13. The input device of claim 1 wherein the relative 
motion between the light modulator and the sensor module 
is constrained along a single dimension of motion. 

14. An apparatus for capturing user control inputs, the 
apparatus comprising: 

a light source; 

a navigation surface arranged relative to the light source 
and including an at least partially transparent region to 
enable transmission of light from the light source 
through the navigation surface, thereby generating 
transmissive light patterns from the navigation surface; 
and 

an optical navigation sensor including a photodetector 
array, the optical navigation sensor con?gured for gen 
erating digital images based on the transmissive light 
patterns sensed at the photodetector array and the 
optical navigation sensor con?gured to perform a 
movement computation based on a comparison of the 
digital images over time and to generate movement 
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data based on the movement computation that is indica 
tive of relative motion betWeen the navigation surface 
and the navigation sensor. 

15. The apparatus of claim 14, Wherein the light source is 
at least one of a generally incoherent light source a partially 
coherent light source. 

16. The apparatus of claim 14 Wherein the light source and 
the navigation surface are ?xed relative to each other and are 
moveable together relative to the navigation sensor. 

17. A method of capturing control inputs for an electronic 
device, the method comprising: 

projecting a light pattern of varying light intensities, via 
a light modulator onto an optical sensor; 

causing motion of the projected light pattern relative to 
the optical sensor in Which the motion represents at 
least one selectable function of the electronic device; 
and 

detecting images, via the optical sensor, corresponding to 
relative motion betWeen the projected light pattern and 
the optical sensor and comparing the detected images 
over time to generate movement information; and 

directing execution of the at least one selectable function 
based on the movement information. 

18. (canceled) 
19. The method of claim 18, Wherein projecting the light 

pattern comprises: 

arranging the light source and the light modulator in a 
housing and Wherein causing motion of the projected 
light pattern relative to the optical sensor comprises: 

slidably moving the housing relative to a support structure 
adjacent the optical sensor. 

20. The method of claim 4417 Wherein causing motion of 
pattern comprises: 

restricting the relative motion betWeen the pattern and the 
optical sensor along a single dimension. 

21. An input device for capturing user control inputs, the 
input device comprising: 

a light source con?gured to emit a path of light and 
comprising a light emitting diode; 

a light modulator arranged relative to the light source 
transversely across the path of light to produce a light 
contrast pattern from the light modulator, Wherein the 
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light modulator comprises a mask de?ning a pseudo 
random pattern of opaque portions; and 

an optical navigation sensor module con?gured to detect 
relative motion betWeen the light contrast pattern and 
the optical navigation sensor module. 

22. An input device for capturing user control inputs, the 
input device comprising: 

a light source con?gured to emit a path of light, the light 
source comprising a light emitting device in optical 
communication With a light pipe and diffuser; 

a light modulator arranged relative to the light source 
transversely across the path of light to produce a light 
contrast pattern from the light modulator, Wherein the 
light modulator comprises a grid; and 

a sensor module con?gured to detect relative motion 
betWeen the light contrast pattern and the sensor mod 
ule, Wherein the sensor module comprises at least one 
photocell array. 

23. The input device of claim 22 Wherein the grid de?nes 
a generally transparent member and a ?rst channel of opaque 
marking portions and a second channel of opaque marking 
portions arranged on the generally transparent member for 
positioning relative to the at least one photocell array. 

24. The input device of claim 22 Wherein the light source 
is at least one of a generally incoherent light source and a 
partially coherent light source. 

25. An input device for capturing user control inputs, the 
input device comprising: 

a light source con?gured to emit a path of light; 

a light modulator arranged relative to the light source 
transversely across the path of light to produce a light 
contrast pattern from the light modulator; and 

a sensor module con?gured to detect relative motion 
betWeen the light contrast pattern and the sensor mod 
ule, Wherein the sensor module comprises a photode 
tector array, 

Wherein the light modulator is con?gured so that the light 
contrast pattern has a surface area substantially larger 
than a surface area of the photodetector array of the 
sensor module. 


