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Abstract 
We describe a deformable mirror for use in an adaptive-
optics system. The deformable mirror corrects aberrated 
wavefronts by changing the position and angle of an array 
of mirror segments. 

Keywords 
MEMS, Deformable Mirrors, Adaptive Optics 

INTRODUCTION 
Adaptive optics (AO) are used to correct wavefront aberra-
tions in real time [1]. The technology was originally devel-
oped for astronomers to remove atmospheric interference 
while viewing stars. With AO, ground-based telescopes 
rival the level of clarity provided by the Hubble Space 
Telescope. This technology holds great promise for other 
applications where the medium between the object and the 
imaging system distorts the wavefront. Vision science is an 
example. Images of the retina are distorted because of the 
fluid in the eye and the shape of the eye. The technology 
has been prohibitively expensive for mainstream use, how-
ever, with the key component, the deformable mirror 
(DM), costing over $100,000 for many systems. A 1000-
element DM used at the Starfire Optical Range cost nearly 
$1 million. MEMS technology promises to reduce DM cost 
to less than $1,000. Low-cost DMs will enable the adoption 
of AO for a variety of applications for which it is currently 
too expensive or bulky. 

TECHNOLOGY 
Figure 1 shows a schematic diagram of a typical AO sys-
tem used for astronomy. The primary AO system compo-
nents for all AO applications remain unchanged, however. 
An aberrated wavefront enters the telescope optics where it 
is corrected as it reflects off of the DM. The reflected 
wavefront enters a dichroic beam splitter; the infrared 
wavelengths pass to the science camera and the visible 
wavelengths reflect toward the wavefront sensor. The 
wavefront sensor measures the wavefront slope at discrete 
points and sends these data to the wavefront reconstructor. 
The wavefront reconstructor determines the remaining 
wavefront aberrations in the corrected wavefront. Actuator 
drive signals to correct the remaining wavefront errors are 
calculated in the actuator-control block and sent to the DM, 
thus closing the feedback loop.  

Aberrated wavefronts are corrected by modifying the path 
lengths of different regions of the wavefront in the optical 

system. The deformable mirror modifies the path lengths 
by raising or lowering the mirror surface locally as seen in 
Figure 1. The segmented DM actuators used to move the 
mirror segments of our design are shown in Figure 2a [2]. 
The actuators raise/lower (piston motion) the mirrors as 
well as tilt them in two directions (tip/tilt motion) to shape 
the DM surface. High-quality mirrors are then assembled 
onto the actuators to provide the optical surface as shown 
in Figure 2b.  

IMPACT ANALYSIS 
Vision Correction                       
Adaptive optics promises to revolutionize a variety of ap-
plications, most notably in vision science. Using AO-
equipped instruments, an optometrist will be able to meas-
ure the wavefront of a patient’s eyes. The wavefront gives 
the optometrist data for all of the aberrations, not just focus 
and astigmatism. Adaptive-optics based instruments can 
determine the correct prescription in a matter of seconds. 
The optometrist can then demonstrate the effect of the new 
prescription to the customer immediately using the AO 

Figure 1. Sample AO System

Figure 2.  a) MEMS actuators used to move the de-
formable-mirror-array mirror segments, and b) a 
mirror segment assembled onto an actuator.
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instrument. The additional capability provided by AO also 
has the potential to correct a patient’s vision to 20/10, twice 
the acuity of normal vision. This breakthrough in vision 
science was recently highlighted by Popular Science maga-
zine as one of the top-ten healthcare innovations for 2001. 

Early Disease Detection                
MEMS-equipped AO devices show great promise in the 
detection and treatment of diseases afflicting the eye and 
the rest of the body. AO fundus cameras (the cameras used 
to image the retina) can detect eye diseases such as macular 
degeneration and glaucoma earlier than with conventional 
fundus cameras because of the increased resolution af-
forded by AO correction. The world’s first MEMS-
equipped AO fundus camera, developed by our team mem-
ber Dr. Nathan Doble at the University of Rochester, has 
already provided a three-fold improvement in resolution 
over conventional imaging devices [3]. Retinal images are 
also useful for early diagnosis of diabetes, high blood pres-
sure, and arteriosclerosis. Early detection significantly im-
proves a patient’s options for available treatment as well as 
treatment efficacy, and the added resolution demonstrated 
by the MEMS AO fundus camera developed at the Univer-
sity of Rochester enables earlier disease detection than cur-
rently possible. 

The symptoms of eye diseases such as glaucoma and macu-
lar degeneration, which combined affect over 9 million 
people in the U.S, are not detectable until the later stages of 
the diseases with conventional fundus camera. Thirty per-
cent of the German population has high blood pressure. In 
a study of 2000 patients, over half of these patients did not 
know until they were diagnosed using retinal images [4]. 
Nearly 28% of the population has high cholesterol and 18% 
are at a high risk for diabetes. The eye is the only place 
where a doctor can noninvasively view capillaries, and an 
AO-equipped fundus camera will help diagnose these pa-
tients. 

Other Opportunities        
The ability of AO to adjust a wavefront of light in real-time 
is a substantial breakthrough in optics. Other applications 
for MEMS-based AO include ballistic missile defense, 
weaponry guidance systems, free-space optical communi-
cations, and maskless lithography. A visitor to Michael 
Helmbrecht’s laboratory from Kodak commented that the 
MEMS based deformable mirrors under development could 
find use in all digital cameras. The larger opportunity for 

the technology is very exciting.  

INNOVATION 
The deformable mirror is the most expensive part of an AO 
system. Traditional deformable mirrors can cost up to $1 
million, rendering adaptive optics too expensive for all but 
the most specialized of applications. MEMS deformable 
mirrors have shown the lowest potential fabrication cost 
because batch fabrication allows hundreds to thousands of 
mirrors to be fabricated at once. MEMS mirrors also have 
the least power consumption and volume of any deform-
able mirror technology, thus making them suitable for 
ground based, airborne, and potentially hand held AO ap-
plications. An additional advantage of this particular design 
is that the surface-micromachined actuators can be fabri-
cated directly on top of integrated circuits. This allows for 
significant system simplification and also drastically re-
duces the cost of the deformable mirror because expensive 
off-chip circuitry is no longer needed. 

DEVELOPMENT PLAN 
The deformable mirror we have presented does not have 
enough mirror segments to be of use except for the simplest 
of AO systems. For vision-science applications, we need 
approximately 70-segment arrays, whereas astronomy ap-
plications require hundreds to thousands of mirror seg-
ments. A 70-mirror-segment array will be demonstrated by 
July 2002. Higher-stroke mirrors are necessary for vision-
science applications. The 70-segment array we demonstrate 
in July will have mirrors that actuate up to 20 µm. For ar-
rays of hundreds of mirrors and to truly make a low-cost 
DM, the mirror segments must be integrated with electronic 
drive circuits. We expect to demonstrate mirror arrays with 
integrated circuits by November 2002.  

ACKNOWLEDGMENTS 
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Figure 3.  Living human retina before (left) and after 
(right) AO correction 
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Abstract— Mobile IP is designed to support uninterrupted connectivity of mobile
computers as they roam from place to place. We propose a fast intra-domain and
inter-domain handoff scheme using the location of routers through GPS (Global Posi-
tioning System) to meet the delay and packet loss requirements of real-time services.
The scheme achieves an intelligent and dynamic neighborhood discovery and avoids
the use of multicast addresses in intra-domain handoff. In addition, it decreases the
registration time and distributes home agent data base dynamically in inter-domain
handoff depending on how far from the home agent mobile host is. Simulation re-
sults for an interactive voice communication and implementation environment are
presented.

Keywords—Mobile IP, Fast Handoff, GPS, Mobility Management, QoS in Wireless

I. I NTRODUCTION

THE Internet has attachment points at the edges that connect wire-
less mobile users to the Internet. The primary aim of Mobile IP

is to adapt IP to achieve a robust communication between users who
change their attachment points [1].

A major problem in Mobile IP arises in providing real-time services
while achieving certain QoS requirements. The high bandwidth re-
quired for real-time services is only be solved through smaller cells.
However, small wireless cells cause frequent handoffs. Frequent hand-
offs require frequent location updates, which increases latency and loss
in the re-routing of packets in handoffs. Therefore, even if the wire-
less sources improve in the future, high quality of service cannot be
achieved without eliminating the detrimental impact of the handoffs.

II. T ECHNOLOGY

A. Previous Handoff Schemes vs. Our Scheme

The previous work on achieving fast handoff proposes sending
messages to possible handoff targets by assigning them to multi-cast
groups. The scheme of Seshan et al. [4] is to assign each Mobile
Host(MH) a multi-cast address. When a MH registers an (Foreign
Agent)FA, this FA identifies the handoff targets and makes them join
the multicast group of MH. These handoff targets buffer the last pack-
ets to transmit in case of a hand-off. This scheme avoids the wasteful
trip to HA to make it aware of the new position by using multi-cast ad-
dresses. However, multicast address conflicts may occur if one packet
passes through another network where the same multi-cast address is
used. The solution brought to the multicast conflict problem by C. L.
Tan et al [5] is to assign a multicast address to each MH by domain
foreign agent inside the domain. However, since they assign multicast
address to handoff targets in addition to MHs, they require a continuous
messaging between all routers to learn about new multicast address al-
locations. The multicast strategy is also introduced to achieve fast inter-
sub domain handoffs [6]. The proposal is to determine the edge base
stations for each sub-domain and to send packets to other sub-domain
edge routers, which are handoff targets, using multicast address. These
three papers all require messaging between adjacent FAs to form mul-
ticast groups and an intelligent neighborhood discovery mechanism to
eliminate the manual configuration of handoff targets.

The essential idea of our application is to use router location in-
formation, which is determined by GPS(Global Positioning system),
in handoff decisions.GPS enables a device to determine their position
(longitude, latitude, and altitude) by getting information from the satel-

lites. GPS satellites first orbited in 1983 and from that time efforts have
been under way to include GPS in everything from marine navigation
to guided missiles to tracking golf balls. We classify the handoff as in-
tra and inter domain. In intra-domain handoff, this information is used
to eliminate the manual configuration of handoff targets with a GPS
device at each router and location advertisement messages. The loca-
tion information also eliminates the use of multi-cast addresses to send
packets to neighbors of each FA. In inter-domain handoff, the location
information saves registration time when the mobile is far away from its
home agent by distributing home agent data base dynamically without
inserting any new network elements in the internet.

B. Protocol

B.1 Intra-Domain Handoff

Our system uses the hierarchical structure in order to eliminate the
wasteful trip to Home Agent(HA) for each movement of the MH in-
side the domain. Our network model is composed of administrative or
geographical domains. Each domain has one Domain Foreign Agent
(DFA), which is the ancestor of all other routers inside this domain.

The communication between the MH and FA is achieved through the
wireless network hardware of the MH and one of the radio interfaces
of the FA. Each FA broadcasts a beacon packet with a beacon period.
When an MH wants to register with an FA, it registers with the DFA
and sends the address of the DFA to its HA. Therefore, when an MH
moves inside this domain, it does not need to inform HA of its current
FA.

Switching from one FA to another can still be a problem inside the
domain for real-time services since this kind of services cannot toler-
ate delay. To solve this problem, we propose the following fast intra-
domain handoffs, which eliminates the usage of multi-cast addresses.

Each router knows its own position through a GPS device. A special
advertisement messaging, Location Advertisement Messages, are used
to inform other routers in the same domain of its position. Each router
is expected to have a location-FA table, the entries of which include the
IP address and the location of each foreign agent care-of-address inside
its domain. This avoids the manual configuration of handoff targets of
each FA. Then, when the domain foreign agent takes the a packet for a
mobile host that is currently in its domain, it examines the destination
address and finds from its visitor list the care-of-address of MH, finds
the adjacent FAs of the MH’s FA from the location-IP address table and
decides to which of its branches it should send these packets in order to
cover all of the adjacent FAs. The adjacent FAs buffer the packets with
a specific buffer size in case of a registration.

B.2 Inter-Domain Handoff

The position information of domain foreign agents are also used to
decide whether to send a registration request to home agent or to the
previous domain foreign agent of the mobile host. This brings local
home agent functionality to domain foreign agents if a mobile host does
not go geographically away from this domain compared to its distance
from the home agent.

Our system aims to use the DFA of one of the previously connected
domains as the local home agent and send registration requests to the
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DFA of this domain as long as the DFAs of the following domains lie
inside an R radius. This R radius is determined by the global tube in
Figure 1.
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Fig. 1. Global Tube

The need for the global tube arises from the necessity of an R radius
depending on the location of the DFA treated as a local home agent.
If the local home agent (DFA) is near the HA, it is better to send the
registration request to HA instead of this DFA even if the difference
between the two DFAs is small. On the other hand, if the previous DFA
is far from the HA, it is better to send the registration request to DFA
instead of HA for the same distance between the two DFAs. Therefore,
the R radius must be adaptive.

III. I MPACT ANALYSIS

In this paper, we have presented an algorithm for doing faster hand-
offs with less control traffic than previous algorithms in wireless net-
works. We have achieved an intelligent neighborhood discovery mech-
anism eliminating the manual configuration of adjacent FAs by these lo-
cation advertisement messages. Moreover, we have obtained fast hand-
offs inside the domain by sending the packets to multiple foreign agents
without needing any multi-cast address allocation. We have demon-
strated that our scheme meets the delay requirement of a real-time audio
applications. Furthermore, we have achieved faster handoffs between
the domains in contrast to all other systems ignoring inter-domain hand-
offs.

Our scheme has an impact on future wireless networks. Companies
that design the network are potential users of our scheme. GPS pro-
ducers can decrease the size and cost of the GPS chips and also enable
precise measurements indoor. Embedded system designers can embed
GPS device in routers. Wireless service providers can implement our
handoff algorithm.

IV. I NNOVATION

The novelty of our handoff scheme is to provide an adaptive algo-
rithm in the determination of handoff targets, to eliminate the messag-
ing overhead related to forming multicast groups, to prevent potential
conflicts related to the usage of multicast addresses and to perform fast
handoff among the domains.

All of the previous handoff schemes rely on manual configuration of
handoff targets since it is impossible to say anything about the location
of access points from their IP address. Our scheme does not assume
anything about the network configuration. We only require GPS de-
vices in each access point and implement a simple messaging, location
advertisement messages, to propagate this information to the other ac-
cess points. This messaging overhead can be ignored since it runs only
if there is a change in the network configuration or in the times of the
day when there is least amount of traffic in the network. Since access
points are wired instead of wireless, we do not need to send location
information periodically.

Most of the previous handoff schemes use multicast addresses to
send more than one router in intra-domain handoff. This addressing
scheme require a continuous messaging between all routers to learn
about new multicast address allocations. Our scheme completely elim-
inates this messaging overhead. We do not use any multicast address
instead we use the hierarchical structure of the access points in the net-
work. Forming this hierarchical structure, as location advertisement

messages, does not produce any overhead since it can be updated only
if there is a change in the network configuration or in the times of the
day when there is least amount of traffic in the network.

Previous handoff schemes did not provide much support for inter-
domain handoff based on the assumption that this kind of handoff is
very rare. Our assumption is that the development of power-efficient
processors and the increase in the battery lifetime of laptop computers
will lead to an increase in the inter-domain usage. Using GPS devices
in this respect decreases the latency considerably.

V. DEVELOPMENT PLAN

In this section, we introduce FASTMIP implementation. The imple-
mentation is compliant with Mobile IP RFC 2002 [10]. In this imple-
mentation, agents and mobile run the Linux operating system.

HA software consists of two threads, implemented by pthread li-
brary, running in parallel (Tunneling Protocol and Registration Proto-
col). Registration protocol listens for UDP registration requests and
updates the Binding Table when it gets a request. Tunneling Protocol
listens to the traffic in the home network and captures the packets sent
to mobiles registered with itself. When the HA receives a packet it
checks its binding table and decides whether this packet is for one of
its mobiles or not. If the packet is for one of the mobiles then the HA
tunnels the packet to the care-of-address of the mobile. The Tunnel-
ing Protocol and the Registration Protocol are implemented using the
pthread library which comes with Linux, having two threads running
in one user process enables us to share the Binding Table data structure
between two protocols. If the two protocols were implemented in two
different user processes then some sort of inter-process communication
mechanism would have been necessary.

DFA and FA software consists of two processes running in parallel,
one of them has two threads running in parallel (Registration Protocol
and Tunneling Protocol). Agent Advertisement Protocol, which runs as
a separate process, periodically sends out agent advertisements (UDP
broadcasts) to advertise the presence of the FA in the wireless environ-
ment. The other process includes two threads for Registration Protocol
and Tunneling Protocol. Tunneling Protocol sends packets according
to the Location-FA table by comparing the position of target CoA with
the that of other FAs. FAs check their visitor list when they receive a
packet. If the packet is not in the visitor list then this mobile is not cur-
rently connected to FA but this FA is a potential handoff agent. Adja-
cent FAs buffer the packets for a certain number and delete if MH does
not connect at all. The Binding Table data structure is shared between
the two threads. Registration Protocol listens for registration requests
from the mobiles. When this receives a request, it updates the Binding
Table, forward this request to HA and then send all the buffered packets
that MH has not received yet to MH.

The MH runs an FA detection software derived from the wireless
Linux extensions [12]. Mobile Agent continuously listens for agent ad-
vertisement messages from the Foreign Agents, signal qualities for all
links are stored in a data structure. From the mobiles’ point of view a
foreign agent is nothing but a default router, in order not to lose con-
nectivity to the rest of the network the mobile periodically checks this
data structure and decides whether or not to register with a new foreign
agent. If the mobile loses its connectivity to the network while it is
roaming, it scans the three disjoint frequency bands that the Wavelan
cards can operate, until it finds a new Foreign Agent. All the tunneling
and the detunneling stuff going on is transparent to the Mobile. In or-
der to prevent the Mobile from losing packets, HA capturing function is
also inserted to the DFAs and FAs in our implementation in order to get
the packets which are directed to adjacent FAs. MH keeps the source
address and the sequence number of the last packet received, and sends
this information to the new FA during registration. This eliminates the
FA from sending the packets in his buffer that MH has already received.

Figure 2 shows the instantaneous throughput during a handoff when
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the packet size is 200byte, which is an average real-time audio packet
size, and inter-sending time is 20ms. This figure shows that basic Mo-
bile IP (MIP) loses all the packets during handoff, which causes an
unrecoverable throughput decrease for 3 seconds. These 3 seconds
include the time necessary for the detection of the new access point,
which is equal to beacon period(100ms) of access points at maximum,
the time necessary for the registration request to reach home agent and
for the registration request to reach the access point back. On the other
hand, our protocol (FASTMIP) buffers the packets at the prospective
access points and send the packets that the mobile missed during the
handoff when mobile is connected.

The overall throughput graph for different rates, as given in Figure
3, shows that the throughput increases as the sending rate increases
and FASTMIP performs better than MIP. The reason for the throughput
increase is that more packets are sent overall although the number of
packets lost increases as the sending rate increases. FASTMIP performs
better than MIP since the number of packets lost is smaller in FASTMIP
as we have seen in instantaneous throughput graph.

We simulated inter-domain performance in NS-2. As it can be seen
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from Figure 4, up to a specific distance, both the basic Mobile IP and
our scheme have the same registration time since our scheme chooses
HA to make the registration when the distance between HA and MH is
very small. As the distance between HA and MH increases, the basic
Mobile IP handoff time continues to increase whereas the maximum
possible registration time of FASTMIP stay constant. This satisfies
quality in real time applications.

Future goals are to implement the inter domain handoff and to
achieve heterogenous network architecture in which mobile can roam
in IEEE802.11 as well as in Bluetooth and in other kind of wireless
networks and to enable hot spots in which cellular traffic is handled by
Mobile IP where the traffic is congested.
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Abstract 
Postural Sway occurs in everybody. When sway exceeds a 
certain limit a person might fall.  But how can we quantify 
sway? Neurologists observe the naturally occurring sway to 
appraise the health of various neural functions. They usu-
ally do this by subjective observation; for precise quantita-
tive measures, they use elaborate and expensive equipment.  
We designed a new device to measure sway quantitatively 
and economically.  By combining the technology inherent 
in the optical mouse, with supplementary software, we can 
measure postural sway.  To demonstrate the reliability of 
our method, we repeated the classic demonstration called 
the Romberg Test. It showed that postural stability is better 
with eyes opened than with eyes closed.   

Keywords 
Postural Sway, Eyes Opened, Eyes Closed, Optical Mouse, 
Mouse Pad, MATLAB 

INTRODUCTION 
Increased postural sway may be a sign of incipient neuro-
logical disease that could eventually lead to a loss of bal-
ance and to fall.  An early discovery of an otherwise unno-
ticeable disorder could be the first step to help neurologists 
diagnose patients.  An electro-optic mouse (Microsoft 
IntelliMouse ) is used in this new device to measure the 
postural sway of a person.  This project involves the design 
and proof-of-concept of a computer-based system.  Its main 
merit, aside from exceptional accuracy, is that it is con-
structed of commercial off-the-shelf components.  

TECHNOLOGY 
Microsoft, Logitech, and other manufacturers, sell an elec-
tro-optical mouse based on an Agilent digital processing 
device.  A tiny C-MOS digital camera captures images at 
the rate of 1500 pictures/sec.  The image stream is analyzed 
by a digital signal processor.  Image movement is con-
verted to a signal that results in cursor movement on the 
computer user’s screen. We decided to use the inexpensive 
and readily available mouse, as the sensor for postural in-
stability. The basic parameters that control the performance 
of the mouse include velocity and acceleration of the 
mouse pointer.  Acceleration is set to be on a scale of zero, 
low, medium, and high.  With increasing acceleration, the 
mouse pointer moves faster around the screen while the 
mouse is still being moved at constant speed by hand.  Ve-
locity is spread over a range from zero to 10 where 10 
represents highest speed.  A small movement of the mouse 

will cause a large displacement of the pointer on the screen 
under a high velocity setting. According to the results ob-
tained from our sensitivity test, we decided to turn the ac-
celeration off (‘zero’) and set the velocity to 3. With the 
parameters chosen, the way to the final product required 
three other steps: coupling the mouse on the person, ar-
ranging for a stationary juxtaposed ‘mouse pad’, develop-
ment of software to process the cursor coordinates. 

IMPACT ANALYSIS  
The ROMBERG TEST is a traditional tool used by the 
physician to appraise the interactions of systems involved 
in maintaining balance (e.g. vestibular, proprioception, and 
vision) using the patient’s postural instability as an indica-
tor.  Falling, upon eye closure, is a ‘positive’ Romberg 
Sign.  There have been a number of efforts to quantify the 
test and thus to give a graded and objective ‘sign’.  How-
ever, even today, a subjective and qualitative test is the 
norm. Existing methods and instruments for the measure-
ment of postural sway are either inaccurate (e.g. subjective 
observation) or expensive (e.g. strain-gage coupled to the 
torso, or monitoring electromagnetic field changes). The 
new diagnostic device, which is the subject of this project, 
is intended to help neurologists and specialists in related 
areas to accurately and easily investigate a patient’s neuro-
logical dysfunction using an inexpensive and efficient 
means of estimating postural stability. 

INNOVATION 
With the MATLAB built-in function that allows the proc-
essing of graphical input from the optical mouse, we de-
signed a new device to measure sway quantitatively and 
economically while there are expensive devices existing 
out in the market.   All the materials that we use for this 
design are off-the-shelf components, yet at the same time 
we demonstrate and prove the reliability of the device 
based on the Romberg Test. During the design process, 
special attention has been placed on the handling and posi-
tioning of the mouse as well as the contact between the 
mouse and its pad. Our current design avoids the pickup of 
movements other than that caused by the torso of the pa-
tient, and our use of a cotton fabric pad contributes to the 
effective detection of the mouse movement.  In addition, 
our software allows the easy collection, backup, and re-
moval of data.   All these qualities have resulted in a device 
that is low cost, easy to handle, yet reliable. 
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DEVELOPMENT PLAN 
The main requirement to position the mouse on the person 
is stability. The mouse is held stationary on a platform at-
tached to adjustable rods that are themselves attached to a 
deformable conduit that is shaped to and rests over the pa-
tient’s shoulders.  In this way, the mouse is positioned 
about an inch above the patient’s head, and oriented up-
wards. Velcro is used to couple the conduit to another Vel-
cro around the chest of the patient. Our mouse pad is com-
prised of white cotton fabric stretched over a letter tray.  
An adjustable stand is lowered until the pad just touches 
the optically-active side of the mouse.  The flexibility of 
the fabric provides vertical freedom for the mouse as it 
pushes against the fabric.  In this way the mouse is always 
in good contact with its ‘pad’. Inflexible mouse pads often 
lead to loss of detection and, with our suspended cotton 
pad, the patient feels no pressure exerted by it.  
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The movement of the mouse against its cotton fabric pad is 
registered in the host computer and is stored as a file using 
a MATLAB program. A simple calibration procedure con-

ducted prior to use on the patient establishes the relation 
between movement of the cursor on the computer screen 
and physical movement of the mouse against its pad.  The 
trajectory of this movement is the signature of the patient’s 
postural sway.  Existing, as it does, in a computer file, 
computations can be made to allow the operator to study 
key features of the patient’s postural sway. The corre-
sponding postural sway made by the patient is sketched on 
a graph, as shown in Figure 1.  Together, the total distance 
in centimeters moved by the patient during the test as well 
as the maximum sway relative to the starting point are re-
corded. 
 

The sway patterns in Figure 1 correspond to 3 particular 
runs for one of our subjects. These patterns reflect the mag-
nitude and direction of sway. It can be seen that there is 
more sway with eyes closed than with eyes opened, and 
sway increases when the person is asked to look at a manu-
ally moved object. Numerical results generated by the com-
puter show that total sway distance for these 3 particular 
runs is 3.22 cm with eyes opened, 4.29 cm with moving 
object (eyes opened), and 6.18 cm with eyes closed. To-
gether with Figure 2, these results agree with the expecta-
tion implicit in the Romberg Test.  
 
This device is useful for more than just diagnostic testing.  
It can also be used to study fundamental properties of the 
physiology underlying postural stability.  Here are two ex-
amples: (1) Vision is an important component of postural 
stability.  For that reason, it would be expected that move-
ment of the visible world might diminish stability.  Our 
initial results suggest that the sway of a person will in-
crease if he/she is asked to look at an object moving to-
wards or away from him/her. (2) One would expect the 
height of a person to be correlated with the measured sway.  
For this reason, gender may also be related.  In our pilot 
data, this sort of relationship may be seen, but there are too 
little data to be definitive.  
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Figure 1.  
Sway Patterns for Eyes 
Opened, Eyes Closed, 
and Eyes Opened with 
moving object. 

   

Subject 1 2 3 4 

Sex F M M F 

Age 16-25 46-55 16-25 16-25

Height (ft) 5'6" 6'1" 5'7" 5'1" 

Weight (lb) 130 180 140  125 

Eyes opened: Sway (cm)      

w/o moving object 1.98 3.21 3.37 2.22 

Feet opened w/ moving ob-
ject 2.40 4.32 4.64 4.06 

Eyes closed: Sway (cm) 3.34 5.64 5.60 4.34 

 

Figure 2. Total Average Sway (5 trials) in 
cm of four Subjects 
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Abstract 
To address the problem of computer-aided drawing for the 
visually impaired without using special purpose external 
devices, we introduce the Integrated Communication 2 
Draw (IC2D) system. This drawing tool for the blind has a 
user interface that uses a standard keyboard for input and 
audio feedback while drawing or viewing drawings. A new 
recursive scheme based on the layout of the telephone key-
pad allows effective navigation and point selection. Fur-
ther, a recent development of IC2D allows users to con-
struct animations based on their drawings. 

Keywords 
Drawing, visually impaired, IC2D, auditory interfaces, grid, 
graphics, animation 

INTRODUCTION 
The increased popularity of graphical user interfaces 
(GUIs) makes what is possible for the sighted virtually 
impossible for the visually impaired. In earlier systems 
with character-based user interfaces, simple accessibility 
media, such as screen readers, braille output, and speech 
synthesizers, were effective [1]. Current systems now run 
GUIs which render these simple aids almost useless, 
preventing the blind from accessing, comprehending, and 
sharing graphical information readily available to sighted 
users, or creating their own computer-based graphics for 
communication or self-expression. Although tactile and 
haptic displays are available to visually impaired users as 
special purpose external devices, the usefulness of these 
tools is significantly offset by their bulkiness, cost, and 
ambiguous output. Our main goal is to present a portable 
device with accurate feedback that will allow for increased 
mobility as well as ease of use. 
One step in overcoming the acessibility gap is the 
Integrated Communication 2 Draw (IC2D) system, a tool 
that combines a navigational grid and dynamic drawing 
system with auditory output. Rather than force visually 
impaired users to adapt to a limited method for creating and 
accessing graphical information formatted for sighted us-
ers, we have attempted to analyze and overcome the disad-
vantages of current tools and implement methods more 
intuitive to visually impaired users. For example, all input 
for the IC2D interface is oriented around the keyboard. 
Navigation through the system is consistent and clear, sup-
porting the user rather than increasing their mental work-

load. Our evaluations of IC2D show that this tool provdes a 
medium for visually impaired users to effectively create 
and view 2D drawings, drawings through which they can 
also communicate graphically with sighted people [3,6]. 
Further, blind people could also manifest their creativity 
and reflect their mental models via an accessible animation 
program. To meet this goal, we developed an animation 
extension to IC2D that allows blind users to create moving 
pictures by directly manipulating on-screen objects [7].  

TECHNOLOGY 
IC2D provides visually impaired users a medium to create, 
view and assign semantics to drawings [2,3]. Its reference 
grid and navigation system are metaphorically based on a 
3×3 grid with the same numbering arrangement as a tele-
phone keypad. A recursive grid scheme allows users more 
precise point selection (up to 27×27 cells) (See Figure 1). 
Drawings are rendered at full-screen resolution.  

 
Figure 1 Drawing using grid recursion [6]. 

Pull-down menus are replaced with grid-based palettes for 
effective navigation. IC2D has two different modes: in the 
drawing mode, the user can create and view drawings look-
ing at the picture as a whole or in detail. In the labeling 
mode, the user can assign a label to a single object or to a 
group of labeled objects presented in a hierarchical labeling 
structure. Navigation keys and all functions are accessed 
through the computer keyboard, and voice synthesis pro-
vides feedback to the user. The transparent and consistent 
navigation scheme and audio feedback allow visually im-
paired users to independently create recognizable drawings 
(See Figure 2).  
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Figure 2 A blind IC2D user drew this Christmas tree [6]. 

IMPACT ANALYSIS 
There are many advantages in representing aspects of con-
tent using graphics and animation for sighted users. De-
signers should not forgo these advantages because of visu-
ally impaired users. Rather, we look at this as a challenge 
to develop methods for transforming visual semantics into 
a non-visual format. IC2D, which provides a medium for 
visually impaired computer users to create and view graph-
ics, is an important step towards universal accessibility of 
computer-based content.  

INNOVATION 
One of the main obstacles for blind computer users when 
interacting with graphical content is identifying or locating 
the exact position of the cursor on the screen. In addition, a 
visually impaired user must be able to accurately find parts 
of previously drawn objects for modification. A blind user 
must also be able to conceptually relate absolute and rela-
tive positions of the drawing scene [2]. For blind people, 
visual cues are replaced by casting a visual area of interac-
tion with a memorable discrete structure. In this case, the 
layout of the telephone keypad addresses the important 
need for a familiar interface that any blind user can imme-
diately recognize and use. Using a recursive grid scheme 
for navigation, the standard keyboard for all input, and 
command palettes rather than pull-down menus provides 
the visually impaired user with a clear and consistent navi-
gation scheme. This scheme may also be extended to other 
computer applications.   
A further innovation of IC2D is its labeling mode. Graphi-
cal displays offer computer users a vast amount of informa-
tion all at once. Sighted users visually scan an image to get 
a quick overview of its important attributes. This technique 
must also be supported for blind users of drawing systems 
to allow them to easily explore an image. IC2D offers this 
support. Annotations give meaningful semantics to images 
so blind people can accurately build a mental model of 
graphical information [3, 4].  

DEVELOPMENT PLAN 
A first prototype of IC2D was developed in 1998 [5]. We 
made modifications based on user feedback and further 
usability studies have demonstrated IC2D's usefulness as a 
drawing tool for vision impaired users [3,6]. More recently, 
we've developed IC2D to overcome the current lack of a 
medium for visually impaired users to create computer-
based animation [7]. IC2D's animation extension now en-
ables visually impaired users to view and create moving 
pictures. This schema provides visually impaired people 
with another method to express their creativity and com-
municate through another form of graphical output. Fur-
ther, we hope that by making what seems impossible possi-
ble, we might increase communication between blind com-
puter users and the sighted world.  
Future developments include making drawing and anima-
tion files compatible with commercial software (e.g. Auto-
CAD, Widows Media Player, Quicktime). Further usability 
studies are needed, including experiments with non-
visually impaired users and expert users of drawing tools to 
see what IC2D's schema could offer them.  We wish to also 
apply IC2D's grid-based navigation schema to graphics-
based interfaces (e.g. Powerpoint) to improve interaction 
for visually impaired users. A particularly interesting area 
to experiment further with IC2D is in using haptic (virtual 
tactile) devices instead of the keyboard as an alternative 
input/output device. This application is yet to be developed 
and would subsequently require further usability studies. 
These developments would require additional hardware, 
support during development and expenses for traveling 
required as part of usability studies.  
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I. INTRODUCTION
�

H e Wireless Token Ring Protocol (WTRP) is a medium
access control protocol for wireless networks. It supports

quality of service in terms of bounded latency and reserved
bandwidth. WTRP is efficient in the sense that it reduces the
number of retransmissions due to collisions. It is fair in the sense
that each station takes a turn to transmit and is forced to give up
the right to transmit after transmitting for a specified amount of
time. It is a distributed protocol that supports many topologies
since not all stations need to be connected to each other or to a
central station. It can be used with an admission control agent
for bandwidth or latency reservations. WTRP is robust against
single node failure. WTRP is designed to recover gracefully
from multiple simultaneous faults.

II. IMPACT ANALYSIS

The WTRP has a wide range of applications as a wireless
medium access control. As it was first conceived, it is immedi-
ate application is in ITS (Intelligent Transportation System). It
is a great time for the commercial deployment of WTRP since
standardization process is currently being undertaken. This stan-
dardization gives clearer view of possible use of DSRC (Dedi-
cated Short Range Communication) technology for vehicle-to-
vehicle and vehicle-to-roadside communications. Now we can
make a solid move forward in designing an enabling architecture
for vehicular communications based on DSRC.

WTRP is a solution for Home LAN. It has advantage over
IEEE802.11 PCF (Point Coordination Function) in overcoming
the challenge of creating a connected network with restricted
transmission power. This follows from the fact that a node need
only be connected with its successor, predecessor, and all inter-
ested source and sinks in order for the network to be connected.
In IEEE802.11 PCF, all nodes need to be connected with preas-
signed base station.

III. INNOVATION

The IEEE 802.11[1] PCF, the HiperLAN[2], and Blue-
tooth[3] achieve bounded latency by having a central station poll
the slave stations. Most academic research has focused on this
centralized approach [4] [5]. The centralized approach is suit-
able for networks where only the last hop is wireless. In the
centralized approach, the network is managed centrally from a
central station. This is a limitation in wireless networks with
ad-hoc topologies.

The Wireless Token Ring Protocol (WTRP) discussed in this
paper is a distributed medium access control protocol for ad-
hoc networks. The advantages of a distributed medium access
control protocol are its robustness against single node failure,
and its support for flexible topologies, in which nodes can be

partially connected and not all nodes need to have a connection
with a master.

As in the IEEE 802.4[6] standards, WTRP is designed to re-
cover from multiple simultaneous failures. One of the biggest
challenges that the WTRP overcomes is partial connectivity. To
overcome the problem of partial connectivity, management, spe-
cial tokens, additional fields in the tokens, and new timers are
added to the protocol. When a node joins a ring, it is required
that the joining node be connected to the prospective predeces-
sor and the successor. The joining node obtains this information
by looking up its connectivity table. When a node leaves a ring,
the predecessor of the leaving node finds the next available node
to close the ring by looking up its connectivity table. Partial
connectivity also affects the multiple token resolution protocol
(deleting all multiple tokens but one). In a partially connected
network, simply dropping the token whenever a station hears
another transmission is not sufficient. To delete tokens that a
station is unable to hear, we have designed a unique priority as-
signment scheme for tokens. Stations only accept a token that
has greater priority than the token the station last accepted. The
WTRP also has algorithms for keeping each ring address unique,
to enable the operation of multiple rings in proximity.

IV. INITIAL RESULTS

The token ring protocol in its current implementation is dis-
advantaged relative to the original IEEE802.11 driver because
the token ring protocol is implemented on top of IEEE802.11
DCF mode, incurring all the overhead that is associated with
IEEE802.11 plus the overhead from the token ring. The over-
head is the increased computation time and packet header
size. In spite of these disadvantages, we find that under heavy
load, the token ring implementation performs better than the
IEEE802.11 DCF mode. This is shown in Figure 1. In the figure,
the aggregate FTP bandwidth is plotted against the number of si-
multaneous FTP transfers. Both cases involved five nodes. Re-
gardless of the number of simultaneous transmissions, the ring
was formed with five nodes. The FTP was done as follows. For
the case of two simultaneous transfers, one transfers went from
station 1 to station 2 another from station 2 to station 3. For the
case of three simultaneous transfers, 1 to 2, 2 to 3, and 3 to 1.

In Figure 1, the solid line represents the IEEE802.11 DCF
mode and the dotted line represents the token ring protocol. At
least with the number of nodes that were involved, we observed
a decrease. The decrease in the throughput is expected since
the number of collisions increase in a CSMA medium access
control.

The performance surprisingly improves in the Wireless Token
ring case when going from 1 to 3 simultaneous transfers. This
can be explained as follows. Since for all trials in Figure 1, the
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Fig. 1. FTP performance (IEEE802.11 DCF mode vs. Token ring)

ring size remained constant regardless of the number of simul-
taneous transfers, the number of token transmissions per token
rotation remained constant in all trials. However, on increasing
the number of simultaneous transfers, the number of data trans-
missions per token rotation is increased. This increases the ratio
of data to token transmissions. This decreases the overhead per
data bit. The need for retransmission of the data due to colli-
sions is eliminated since there is no collision in the token ring
implementation. We found that the token ring actually performs
better when there are more than three simultaneous transfers.

V. DEVELOPMENT TIMELINE

We have implemented the token ring protocol on top
of the WaveLAN[8] PCMCIA card which implements the
IEEE802.11[1] protocol in DCF (Distributed Coordinated Func-
tion) mode. This is done by prepending the token ring header to
the IP packet and broadcasting all packets over the IEEE802.11
link.

We have developed 3 deliverables, which uses the same core
as shown in Figure 2. UDP Implementation runs in application
layer and have a socket interface to the applications. WTRP
Simulator as shown in Figure3, enable to run more than one
node in a machine and do the performance analysis with a wire-
less channel module and a front-end. Kernel Implementation
works as a MAC protocol in the Linux kernel.

It is our immediate goal to develop a commercial version of
WTRP for DSRC systems. DSRC architecture is still at its in-
fant stage as standardization process for DSRC spectrum is com-
ing to an end. Early integration of WTRP into the design will be
helpful in pushing WTRP as the standard for DSRC spectrum.
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Abstract 
A health monitoring system can be designed utilizing wire-
less motes that are capable of gathering data, and sending it 
to a remote computer for analysis. It is hoped that this sys-
tem will enable coaches to monitor their athletes and pre-
vent any accidents that can happen in a highly competitive 
training situation. Further development of this health moni-
toring system will enable the system to assist anyone who 
wants to monitor his/her physical activity throughout the 
day. The biggest goal of this system is to lead people to a 
healthier life. 

Keywords 
Health monitoring system, wireless sensor network, wear-
able computing 

 
INTRODUCTION 
During the summer of 2001, there were two high profile 
deaths from heat stroke � Korey Stringer, a football player 
with the Minnesota Vikings of the National Football 
League and Eraste Autin, a college football player for the 
University of Florida.  Both these players were physically 
fit and relatively young.  They pushed themselves to the 
limit during extreme conditions and succumbed to heat 
stroke.  If a monitoring system was available and utilized in 
these instances, their deaths may have been prevented. 
Utilizing motes that can communicate wirelessly, we real-
ized that sensors can be embedded onto athlete�s clothing 
to gather the information on athlete�s body condition, 
which will eventually allow the coach to monitor the health 
conditions of the athletes. 
Also we recognized that other needs for this system ex-
isted: for almost of all sports, monitoring players� health 
condition and making proper substitutions are big part of 
the game strategy. The coach will be able to effectively 
rotate the players and have an optimized combination of 
players in the field, by using this system named �Coach�s 
Companion�. 

TECHNOLOGY 
The SmartDust project [1] at UC Berkeley has created 
many small scale networked sensors. The sensor, also 
called a mote, can form wireless networks, take measure-
ments, and report information to services for analysis. All 
the data is transmitted via radio that is a RF Monolithics 
TR1000 operating in 916.50 MHz band. The radio is de-

signed for low-power, short-range wireless data communi-
cations [2]. The motes that are utilized in Coach�s Compan-
ion System are built with commercial parts and are size of 
4 quarters stacked up together (see Figure 1). 
 

 
Figure 1: Mote 

 
Four types of sensors are used to collect data on the 
player�s physical health.   
 

Sensor Interpretation of Data 
Heart rate Sustained high heart rate levels may 

lead to over-exertion. 
Rapid pulse is one of the signs of heat 
exhaustion and heat stroke. 

Accelerometer The peak levels of acceleration can be 
monitored.  If the level of peak accel-
eration begins to drop, the player may 
be becoming tired. 

Moisture The lack of perspiration is a sign of 
dehydration, which can lead to heat 
stroke and heat exhaustion. 

Temperature High body temperature levels can 
indicate overheating of the body. 

 
Motes will send the collected information to the coach�s 
tablet PC. Two motes will be embedded, one in the wrist-
band, and the other in the waistband.  
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Figure 2: Flow Chart of the Coach�s Companion System 

 
The mote in the wristband will measure the pulse of the 
player. The other mote in the waistband will have three 
sensors: an accelerometer, a temperature sensor and a mois-
ture sensor. Figure 2 shows the flow chart of the Coach�s 
Companion System. 
 

The collected information received from the motes will be 
translated into body condition level of each player through 
tablet PC screen. Each player�s condition level will be dis-
played as bar charts on the coach�s tablet PC, which will 
allow the coach to capture what is going on with the team 
by just a glance. (See figure 3 for an example of tablet PC.) 

 
Figure 3: Tablet PC 

Through practices, coach will be able to calibrate the body 
condition level for each player and figure out under what 
level each player performs the best or worst. Coach can 
also preset a level, so that when the body condition level of 
a player goes below it, the coach can be warned. Embedded 
in the tie clip, another mote will receive the warning and 
alert the coach through beep or vibration. This function 
was added after realizing that the coach may not be looking 
at the tablet PC all the time. 
 

With Coach�s Companion System, coach will be able to 
monitor the health of athletes and prevent pushing the ath-
letes over the limit. Also, coach will be able to build strat-
egy on how to rotate the players on the field and the bench 
so that he/she has an optimized combination of players on 
the field, which will lead the team to victory. 

IMPACT ANALYSIS 
In the United States, there are an average of 300 deaths per 
year related to heat1.  The deaths of the two high-profile 
football players could have been prevented with assistance 
of Coach�s Companion System(CCS).  
If CCS becomes commercialized, the initial target market 
should be college athletics, particularly football and bas-
ketball.  This market segment has good potential for several 
reasons. First, the size of the segment is very large. There 
are over 2000 NCAA basketball teams (both men�s and 
women�s) and over 600 NCAA football teams2. 
The college football and basketball segments are also at-
tractive because of the operating budgets that each team 
has at their disposal.  The average operating budget for an 
NCAA Division I football team is over $6.3 million.  The 
average operating budget for an NCAA Division I men�s 
basketball team is $2.8 million3.  Analysis shows that an 
increasing trend in operating budgets and between 1989 
and 1999, the operating budgets have increased over 50%.  
The bulk of the operating budgets are allocated to travel 
expenses and recruiting, however, approximately 5% of 
operating budgets are devoted to equipment purchases. 
                                                                 
1 Source: National Oceanic and Atmospheric Administration 
2 Source: National Collegiate Athletic Association (NCAA) 
3 Source: NCAA Revenues and Expenses for Division I and II 

Intercollegiate Athletics Programs 
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Finally, the college football and basketball segments are 
attractive because there is incentive for coaches to push 
their players to the limits in order to maximize the per-
formance of their teams.  Revenue is derived from several 
sources with the largest categories being ticket sales, post-
season compensation and revenues from associated busi-
ness (such as sponsorships, TV/radio contracts, concession 
revenues, etc).  The amount of revenue is related to the 
success of the team, thus leading to the tremendous pres-
sure to produce a successful team. 
Other factors that can be considered in selecting the initial 
target markets are: 
! Probability that practices or games are conducted in 

high temperatures and relative humidity. 
! Need for a continuous monitoring device because 

players do not get frequent rest breaks during game 
play (e.g. baseball would not be considered). 

Beyond college sports, the next two logical markets would 
be high school sports and professional leagues.   
 
The current research effort is on modifying CCS to benefit 
a larger group of people: the modified system called, �Ac-
tivity Monitor�, aims to collect the health data through 
wearable motes and give the user information on how 
much of a physical activity the user has done over a day or 
selected period of time. The research on how to calculate 
and approximate the calories burned through daily activi-
ties is in progress, which will be mentioned in later part of 
this paper. 
The potential market for this Activity Monitor is much lar-
ger. About one in three Americans is over-weight and one 
in five is obese, based on the body-mass index. The BMI, a 
common measure of obesity is an individual�s weight in 
kilograms divided by height in meters squared. Translated 
in to pounds, an individual who is 5 feet 3 inches tall and 
weighs 169 or more is obese; so is someone who is 6 feet 
tall and weighs at least 221 pounds. Between 1991 and 
2000, obesity in the U.S. rose 60%. A study found that 
obesity is associated with an average increase in hospital 
and outpatient spending of $395 a year. For all adults in the 
study, including those who are obese, average health-care 
services spending was about $1,500. [3] 
Beyond the economic aspect of the Activity Monitor, it is 
hoped that this system will assist the users to monitor their 
health daily and lead them to a better quality of life. 
 

INNOVATION 
Coach�s Companion is in the direction of possible new 
trend of computing: inconspicuous computing. Computing 
that is embedded within life and benefits us behind the 
scene. It is believed that the miniaturization of electronic 
device will continue to develop and the computers will 

eventually be wearable. With the embedded sensors and 
networked computers, the user will be able to enjoy the 
power of computing without conscious effort. CCS can be 
viewed as one example of this new trend. 
 

DEVELOPMENT PLAN 
 

 
Figure 4: Prototype (Waistband Mote) 

Currently, we have a prototype that can display the accel-
eration and temperature change of a player in real time. 
The software keeps track of game time, number of timeouts 
left, and records the data collected. The alerter also beeps 
when the conditions become below the preset value to warn 
the coach. The prototype uses a laptop computer as a sub-
stitute for the tablet PC, but tablet PC�s are already out on 
the market and we are looking for a sponsor who can sup-
ply the table PCs.  

 
Figure 5. Prototype (Coach Alerter) 

 
Among the current research action items are implementa-
tion of heart rate sensor and collection of empirical data of 
acceleration and body temperature to examine the correla-
tion between the athlete�s performance and body condition. 
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For Activity Monitor, the research is underway on how to 
calculate the calories that are burned through daily activi-
ties based on the collected data on heart rate, body 
temperature and variance in motion of the limbs of the 
body.  
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ABSTRACT 
Informed by field studies with professional web designers, 
we created DENIM, a system that helps web site designers in 
the early stages of design. DENIM supports rapid 
prototyping of web sites through sketching, allowing 
designers to refine their ideas at three different levels—site 
map, storyboard, and individual page—which are unified 
through animated zooming. DENIM uses very little sketch 
recognition, and when recognition is used, the sketched ink 
is almost always unchanged. This informal interaction 
allows designers to concentrate on designing and 
documenting web sites without being distracted by 
recognition technology. DENIM also supports evaluation of 
these sketched web sites by allowing designers to “run” the 
sketches, as well as export the sketches so that they can be 
accessed from standard web browsers. Through informal 
evaluations with web designers, we found that they had 
highly positive reactions and great interest in using such a 
system in their work. 

Keywords 
Web design, Sketching, Informal User Interface, Pen-based 
Computers, Rapid Prototyping 

INTRODUCTION 
We have taken a fresh look at web site design in order to 
determine what kinds of tools would be helpful to support 
designers. The result is DENIM, a system to assist web site 
designers in the early stages of information, navigation, 
and interaction design [1]. It is an informal pen-based 
system that allows designers to quickly sketch web pages, 
view them at different levels of detail, create links among 
them, and interact with them in a run mode. 
The design of DENIM was informed by an field study that 
we conducted on professional web site design practices [2]. 
Three of the major findings were: 
•  Designers usually sketch on paper during the early stages 

of design. To support this, DENIM’s primary mode of 
interaction is sketching. 

•  Designers sketch at three different levels of detail: site 
maps, storyboards, and individual pages. DENIM unifies 
these views through animated zooming. 

•  Existing design tools force designers to prematurely 
focus on low-level details (such as page layout, color and 
font) before high-level concepts (such as task flow and 

overall site structure) have been fully explored. DENIM 
helps designers remain on track by leaving web pages as 
sketches, which also encourages wider exploration of 
ideas [3], faster iteration of prototypes [4], and more and 
better feedback from customers [5], all of which are 
crucial in the early and formative stages of design. 

We built DENIM using the Java 2 SDK version 1.3, on top of 
SATIN [6], a toolkit we constructed for building programs 
using informal pen-based interaction.  

THE DENIM USER INTERFACE 
DENIM has one window (see Figure 1) with three main 
areas. The center area is a canvas where the designer can 
create web pages, sketch the contents of those pages, and 
draw arrows between pages to represent their relationship 
to one another. The canvas is of infinite size, and the 
designer can pan the canvas in any direction. 
On the left is a slider that reflects the current zoom level 
and allows the level to be set. There are five levels: 
overview, site map, storyboard (shown in Figure 1), page, 
and detail. The middle three levels map directly to the most 
common representations of web site designs that we 
observed during our study of web site design practice. 
Changing the zoom level initiates an animation that 
provides a smooth transition between levels. 
The bottom area is a toolbox that holds tools for drawing, 
panning, and erasing. 

 
Figure 1. The DENIM user interface in Storyboard view 
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In DENIM, web pages are accompanied by a label that 
represents the name or description of the page. The labels 
remain the same size throughout all the zoom levels so that 
they are always readable. The designer creates a web page 
simply by using the pen to scribble some words or using 
the keyboard to type some words on the canvas. Scribbled 
words are automatically grouped together based on 
proximity but are still presented as handwritten strokes. A 
blank page is created with those words as its label. 
Designers can create and organize labels to construct an 
information architecture before any page-level details are 
sketched. Information architectures represent how a web 
site is organized at a conceptual level, focusing more on 
things like naming and grouping over page-level details 
such as content and layout. Later, the designer can zoom 
into storyboard or page view and sketch inside the pages. If 
the designer writes letters inside a page by hand, DENIM 
will group the letters together into words, and words into 
phrases. This grouping also makes it easier to create 
hyperlinks, discussed in the following subsection. 

Arrows 
An arrow between two pages represents a relationship 
between those pages. To create one, the designer draws a 
stroke between two pages. If an arrow starts from a 
particular item in a page, such as a word, image, or button, 
then the source of the arrow becomes blue, like a hyperlink 
in a web page. Furthermore, in Run mode, the user can 
click on the item to transition to the destination page just 
like a real hyperlink.  

Gestures and Pie Menus 
Most commands in DENIM can be activated either through 
gestures, that is a pen stroke that activates a command, or 
through pie menus. To activate a gesture, the user presses 
the button on the barrel of the pen and makes a stroke (see 
Figure 2). We implemented gestures for panning, undo, 
redo, group select (select everything enclosed by a circular 

gesture), cut, copy, and paste. Tapping on an object 
without depressing the barrel button selects or deselects 
that object. Gestures are effective for pen-based interfaces 
because they allow end-users to specify command (such as 
“cut”) and operands (such as “this page”) in a single fluid 
action. 
DENIM also supports typed text (see Figure 3). A designer 
simply gestures a caret symbol, resulting in a text input 
box. Depending on where the caret was drawn, the typed 
text will then be added as a new label or as text on a page. 
Pie menus [7] are used to provide access to functions not 
easily mapped to gestures, as well as providing redundant 
access to certain commands, such as cut, copy, and paste. 
The user activates the pie menu by tapping with the barrel 
button depressed. Pie menus are effective for pen-based 
interfaces because they are easier to open with pens, they 
are easier to use due to larger targets for menu options, and 
they are more memorable due to people’s tendencies to 
remember angles better than linear lists.  

Run Mode 
After a number of pages have been sketched and arrows 
drawn between them, it is possible to preview the 
interaction by entering Run mode (see Figure 4). By 
opening a pie menu over a page and selecting File→Run, a 
separate DENIM browser window opens up with that page. 
The designer can then navigate through the sketched design 
like in a web browser, by clicking on the hyperlinks in the 
page and using the Back and Forward buttons. Run mode 
allows designers to test a site that they are designing 
without having to create a full-fledged prototype. 

Export to Web 
DENIM allows designers to export a sketched design so that 
it can be viewed with standard web browsers (see Figure 
5). DENIM does this by converting each web page to a GIF 
image and placing an image map over it. This feature lets 
customers try out new designs without having to install 

 

 

 

 
Figure 2. The “Cut” gesture (left) removes a page. The “Pan” gesture (right) moves the canvas. 
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DENIM. We are building a separate tool, WebQuilt [8], to 
capture and analyze people’s actions on exported designs. 

IMPACT ANALYSIS 
Currently there are no other web site design tools 
specifically targeted at early-stage web site design. Since 
our first beta in April 2000, over 6500 people have 
downloaded DENIM through word of mouth alone, 
demonstrating that there is an untapped demand for such a 
product. Informal feedback from dozens of web designers 
suggests that sketching interfaces fit nicely into existing 
processes for web design, and there have been many 
repeated requests for a commercial version of DENIM.  

INNOVATION 
Sketching and writing are natural activities used by many 
designers as part of the design process. DENIM captures this 
activity with an informal ink-based interface [9]. Using an 
informal interface is a key aspect of DENIM, as it allows 
designers to defer the details until later and focus on their 
task without having to worry about precision.  
DENIM is most closely related to SILK [10], a sketch-based 
user interface prototyping tool built by one of the authors. 
Using SILK, individual screens can be drawn, with certain 
sketches recognized as interface widgets. These screens can 
be linked to form storyboards [11], which can be tested in a 
run mode. DENIM takes many of these ideas and extends 
them to the domain of web site design. However, DENIM 
de-emphasizes the screen layout aspects of SILK, focusing 
instead on the creation of whole web sites. Furthermore, 
instead of the separate screen and storyboard views in SILK, 
all of the views are integrated through zooming.  
Also, SILK attempts to recognize the user’s sketches and 
display its interpretation as soon as possible. In contrast, 
DENIM does very little recognition, and what little it does is 
done in the background without getting in the user’s way. 
As an analogy, when people use Graffiti to write on Palm 
PDAs, they typically write a few letters, erase a few letters, 
write a few more, erase a few more, and so on. The net 
effect is that people are fighting the technology instead of 
focusing on their primary task. By using little recognition, 
DENIM lets designers focus on their task. 
There are many problems with using cleaned-up high-
fidelity prototypes too early in the design process. By 
overspecifying the interface, designers are distracted from 
more fundamental issues such as deciding how the user 
interface should be structured [12]. They are also slowed 
down, which may hinder them from exploring as many 
ideas as they can [3], hampering their creativity. The 
tediousness of specifying a detailed interface may also 
discourage them from iterating on their ideas as many times 
as possible. Iterative design is widely considered to be a 
valuable technique for designing interfaces [4]. 
There is a lack of early-stage prototyping tools for the web. 
Our field study showed us that web designers use other 
tools to fill this gap. Macromedia Director is often used to 

 
Figure 3. Typed text insertion allows keyboard input. 

 
Figure 4. Run Mode lets designers “run” sketches. 

 
Figure 5. An exported DENIM web design viewed in a standard 
web browser. The arrows show what happens when a sketched 

hyperlink is clicked on. 
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assemble storyboards, while Visio is used for prototyping 
the high-level information architecture of a web site. 
However, these tools are awkward at best, since they are 
not designed for early stage design. 
Currently, the most popular tools for creating web sites 
include Microsoft FrontPage, Adobe GoLive, Macromedia 
Dreamweaver, and NetObjects Fusion. However, these 
tools focus on page layout and code rather than information 
architecture. Although these tools have a “navigation view” 
or a “site structure view” of a web site, these views often 
constrain any edits so that the tree structure remains intact. 
Furthermore, the site structure view and the page layout 
view are usually distinct and not unified. Lastly, these tools 
focus on producing high-fidelity representations, which is 
inappropriate in the early stages of design. These are all 
important issues that we chose to address in DENIM. 
One common question we are asked is if DENIM can 
automatically transform the sketched pages into finished 
pages. Currently, it does not for two reasons. First, doing 
this conversion would require a significant step forward in 
recognition technologies, which simply do not exist at this 
time. Second, our target audience, namely web designers, 
have not demonstrated a strong need for this feature. 
Instead, they tend to be more interested in rapidly 
exploring, testing, and documenting ideas. 

DEVELOPMENT TIMELINE 
We started development of DENIM in July 1999, and 
performed an informal evaluation of the software in 
September 1999. Based on the feedback from our 
evaluation, we modified our software and presented our 
results at the CHI 2000 conference in April 2000. We 
released our first beta in May 2000. In November 2001, we 
released version 1.0. Since our first beta, almost 6500 
people have downloaded DENIM. 
We are currently looking into the generation of medium-
fidelity prototypes from low-fidelity sketches. Such a 
feature could allow designers to give more “professional” 
looking presentations, while staying with sketching longer. 
We would like DENIM to work with existing web design 
tools to fit more naturally into the entire web design cycle. 
This includes generating skeleton HTML and other 
artifacts that can be imported by other tools. DENIM should 
also be able to import files from other tools, so that 
designers can smoothly move back and forth in the design 
process. 
We have implemented extensions to the storyboarding 
mechanism to support the design of more sophisticated web 
interfaces as well as traditional GUIs [13], including 
methods to allow designers to specify their own reusable 
components. These components can range from a new kind 
of widget to a template for a web page. 

CONCLUSION 
Our field study showed us that in the early stages of design, 
web designers go through an iterative process of 

progressive refinement, that each refinement focuses on 
finer levels of granularity and an increasing level of detail, 
and that sketching is used throughout the early part of this 
process. These observations informed the design of DENIM, 
an informal sketch-based system supporting web designers 
in the early stages of design. DENIM allows designers to 
quickly sketch out pages, create links among them, and 
interact with them in a run mode. The different ways of 
viewing a web site, from site map to storyboard to web 
page, are unified through the use of zooming. In an 
informal study with seven professional designers, we found 
that they were enthusiastic about DENIM’s concepts and 
would like to use such a system in their work. 
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Abstract—Location services is being touted as a hot industry due to the
immense value it can offer to the customers. These services can help locate
mobile devices and be of tremendous help in emergencies,navigation, posi-
tioning, messaging, fleet management etc. Till date most of these services
have been provided using satellite systems or by the exchange of frequent
location updates between the mobile and the base station. We feel that both
these approaches incur a tremendous cost to the customers and the quality
of service may become unacceptable in the event of errors in the updates. To
counter these problems, we present a probabilistic framework for providing
location services. With this approach, we can provide flexible location ser-
vices to the customers since they can choose from a varied range of quality
of service based on what they are ready to pay. Also, our system provides
a graceful degradation of the quality of service in the event of errors in the
updates. In the end, we also present a prototype implementation to support
our claims.

keywords: Location services, Probabilistic map

I. INTRODUCTION

The location services industry is already being touted as a
muti-billion dollar industry because of the tremendous value it
can offer to the customers. Some of the applications are provid-
ing commerce opportunities e.g. advertisements by a caffe to
customers nearby in location, help in emergencies e.g. tracking
people and devices, fleet management e.g. a transportation com-
pany wanting to keep track of its fleet of trucks, navigation e.g.
helping drivers navigate when they are lost etc. Till date, these
services have primarily been provided by two means - using
satellite based systems and second, sending frequent location
updates to a base station (BS) by the mobile. We feel that both
these approaches have certain limitations which have restricted
their use till now. The satellite based systems send a message to
the mobile device when it needs to be tracked. The mobile re-
ceives this signal and replies back with its location (using GPS)
to the satellite. This information is then sent from the satellite to
the network management center. An example of this system is
the Qualcomm Omnitracs system to track vehicles. This track-
ing system is too costly and power consuming for small devices
like mobiles phones, PDA’s etc because of the communication
with the satellite that is involved. Also, when the number of de-
vices to be searched becomes large, the satellite system becomes
the bottleneck - hence this system in not scalable. Further, GPS
gives poor performance in urban areas and hence the quality of
service may be unacceptable at times. In the other approach, the
mobile frequently sends updates to the BS. This update could
include the current location of the device (obtained using GPS)
or the BSs (base stations) could track the mobile’s location using
triangulation and the signal strengths received at each BS. Since
each update uses the wireless channel, the high frequency of
the updates results in high channel usage and thus higher usage
costs to the customer. Lowering the frequency of the updates

This research is supported by ONR grant N00014-00-0621 and fund number
23083

may result in losing the track of the mobile and hence is not ac-
ceptable. Further, the triangulation/GPS based approach could
have a significant error. Thus the service quality may also not
be acceptable at times.

As we can see, both the above approaches suffer from the
problems of high cost incurred to the user and performance is-
sues. Secondly, the quality of service doesn’t degrade gracefully
in event of errors e.g. GPS/triangulation errors. We provide a
new paradigm of providing location services which uses a prob-
abilistic framework to track mobiles. In our approach, we store a
probabilistic estimate of the mobile’s location based on the past
updates. This serves two purposes : the quality of service and
hence the number of updates can be tailored to customer needs
and what they are ready to pay. Also, this framework helps us
deal better with erroneous observations and the service degrada-
tion in event of errors is graceful.

II. TECHNOLOGY

We want to maintain a probabilistic estimate of the location
of a mobile. We assume that we apriori have the movement pro-
file of the mobile. We have a set of BSs (base stations) spread
all over the place like the present day cellular operators have.
We associate each BS with a set of mobiles registered for the
service. We also refer to the BS associated with a mobile as its
corresponding BS. The updates about the mobiles have to be de-
livered to the corresponding BS. These updates could be of two
types: The mobile sends an update to the BS or the BS queries
a mobile. Once the BS know the approximate position of the
mobile(from this update), it accounts for the error in this up-
date (using our estimation theory) and stores the estimate of the
mobile’s location in its database. We call this estimate the prob-
ability map for the mobile where the value of probability in each
cell gives the probability of the mobile being there. e.g. Lets as-
sume that there are two cells named cell1, cell2. The probability
map for the mobile contains two variables P1 and P2. At any
given time, the value of P1 is the probability of the mobile being
in the cell1 while the P2 is the probability of the mobile being in
cell2 at that time. For each mobile, a probability map is main-
tained at its corresponding BS. With time, the mobile moves but
the corresponding BS may not receive any updates from it. To
account for the mobile motion, the corresponding BS uses the
mobile’s movement profile and update its probability map from
time to time. So the corresponding BS always has an approxi-
mate idea of where the mobile is. This is true even in the event
of errors in the updates or the loss of updates. At each time, the
accuracy level of the map depends on the frequency of updates
as well as the nature of errors in the updates.

When we are interested in finding the location of a mobile,
a query is forwarded to the corresponding BS and it looks at
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the mobile’s probability map. From the map, it can give some
idea about the mobile’s position. To know its exact location,
we could use the sequential-paging scheme [4]. In this scheme,
we divide the whole region into smaller regions based on the
probability map and then query the cells in decreasing order of
probability. This decreases the cost of paging by a big margin
while causing some delay which is acceptable in most cases.
Thus we can provide a varied range of quality of service based
on the amount the customers are ready to pay e.g. in this case,
the approximate location versus the exact location. We can also
adjust the frequency of updates based on what the customer is
ready to pay. This is because the frequency of updates deter-
mines the accuracy of the map and also the delay incurred to
find the mobile’s exact location using sequential-paging.

One should note that we could have hundreds of BSs in a
given area and the updates corresponding to a mobile might
reach any of these BSs. But we need to send this update to the
BS responsible for that mobile. This could be done by flooding
the whole network of BSs but this is a waste of resources. To
counter this problem, we organize the BSs in a peer-to-peer net-
work architecture with some structural properties. The mobiles
are associated with a BS based on a hash function that’s known
to all the BS. So, each BS can calculate the BS with which a
mobile is associated. Hence even if the updates for a mobile are
received by other BSs, these are received by the corresponding
BS without flooding. Further, due to the structural properties of
this network, the routing from a BS to the other becomes much
less resource consuming than flooding. This idea of networking,
inspired by one of our class projects on peer-to-peer networks in
the advanced computer networks class, makes the system very
scalable.

III. IMPACT ANALYSIS

There are certain applications where the use of our technology
is very compelling. One such application could be Infostation
[3] caching. The idea is that when a vehicle passes by an infos-
tation but has requested more data, the data must be forwarded
to some of the infostations further on the way of the vehicle such
that the resource wastage( in the sense that the mobile may not
reach near some of these infostations to which the data was for-
warded) is minimized. But since the exact position of the vehicle
is never known, this is not an easy problem. Here, we could use
our probability map to predict the position of the vehicle and the
data could be forwarded to the infostations on the path where the
probability of mobile’s presence is high. Hence, our technology
could give some push to the infostation revolution.

Our technology also has a lot to offer the military. It can be
of great use in battlefields and difficult terrains for applications
like tracking potential targets, aircraft planning to avoid radar
detection etc. This is because our approach provides an efficient
automation of the process of finding the location estimation of
targets, radars etc by unmanned vehicles (these are like the sen-
sors in our system that send the target’s update to the BS. This is
alalogous to the case where the mobile sends its location updates
to the BS) in error prone environments.

In civilian setting, our flexibility in providing location ser-
vices can provide these at a much cheaper cost with graceful
degradation in event of error in updates. e.g. If a transporta-

tion company wants to know where its particular truck is at this
moment, just telling the approximate location (within even 10
miles) is fine since the company doesn’t benefit more from get-
ting the exact location of the vehicle. Also, as mentioned earlier,
to track mobiles, we could again provide approximate location
of the mobile but if the exact position is desired, it can be ob-
tained at an extra cost by doing sequential paging. Also, our
system can provide good location estimates even in the event of
erroneous updates.

IV. INNOVATION

There has been research in the academia for building such
probabilistic maps for problems related primarily to military [1],
[2]. Our innovation lies in refining the algorithms and establish-
ing the connection of this approach with the location-services
problem. Another innovative feature of our technology is the
formation of a peer-to-peer network among the BSs (as ex-
plained in section II) to make the system scalable and efficient.

At present, the BS stores a probability value for the mobile’s
presence in a lot of cells of the region. Since this requires a
lot of memory (which becomes important when the number of
mobiles to be tracked becomes large), we are also developing
algorithms for compressing the map information. We have de-
veloped an estimation algorithm for this and are in the process
of verifying it.

V. PROTOTYPE IMPLEMENTATION

We have developed a prototype to track a mobile target in a
given region. We assume a random-walk model for the motion
of the target and this is simulated using a laptop. We have a few
sensors (UAV’s, UGV’s, fixed sensors etc - these make the ob-
servations on which we base our estimates) that try to sense the
position of the target and send updates to the BS. In the proto-
type, the BS and the sensors are implemented on laptops. This
scenario is analogous to the one where the mobile sends its lo-
cation updates to the BS since we have just added a middleman
(i.e. the sensors) in between the mobile(target) and the BS. The
region to be searched is divided into square cells. Based on the
updates received, the BS maintains a probability map of the tar-
get for the given region. The updates coming from the sensors
can be quite erroneous and we incorporate this by defining a
model for the sensors to take these errors into account. The map
is updated from time to time and when new updates arrive at the
BS. At any point in time, the map at that time contains a value
for each cell in the region with the value corresponding to the
probability that the target is present in that cell at that time. In
figure 1, the upper window shows the probability map for the
target at a point in time. In the probability map, the gray value
of a cell is an indicator of the probability value associated with
that cell. The lower window in the figure 1 shows the location
of the sensors (the colored entities) in the region. From multiple
runs of the implementation, we have observed that we can track
the target to a great degree of accuracy using our technology.

At present, we are developing our prototype for tracking tar-
gets using multiple BSs to test our algorithms for peer-to-peer
networking among the BSs.
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Fig. 1. Probabilistic Map for the mobile target (upper window). Location of
sensors for tracking the mobile target (lower window)

VI. DEVELOPMENT PLAN

A. Past work

1. The first prototype using a single BS was developed during
summer 2001. The prototype with multiple BSs is under devel-
opment

B. Future work

1. Exploring some generic profiles we can use for the mobility
pattern of the mobiles
2. Developing detailed protocols for the location services and
cost structure for various types of queries (representing various
levels of quality of service)
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Abstract 
VISDOM (VIdeo Streaming using Distributed encoding 
Over Multiple servers) tackles the problem of delivering 
high fidelity real-time multimedia content over the Inter-
net to multimedia clients. This is achieved by transmis-
sions from multiple mirror servers to the client in parallel 
in a manner that is truly distributed i.e., little or no com-
munication is required between the servers. Due to the 
diversity effect of multiple servers, VISDOM is immune 
to single points of failure, provides natural load balancing 
of multiple servers and a graceful degradation in quality 
with an increase in server load or a decrease in network 
throughput. 

INTRODUCTION 
The real-time transmission of video over the Internet has 
been a challenge even though many Internet users have 
high bandwidth connections and sufficient computing 
resources at their disposal. This is primarily due to two 
reasons: network outages that disrupt the flow from the 
server to the client, and the occurrence of “hot spots”, 
which could lead to loss of service. “Hot spots” occur 
whenever a very large number of clients attempt to access 
data from a single server, which may cause severe degra-
dation in the service or even server failure. 

Today’s state of the art consists of mirroring the 
video content on multiple “mirror” servers. The client 
connects to the ``closest'' mirror server that can ``best'' 
serve the client. On the other hand, VISDOM enables 
download of real-time content in parallel from multiple 
servers, with no need for any communication between 
them, by leveraging the latest advances in the fields of 
video compression, distributed source coding theory and 
networking. Although, VISDOM is distributed, there is 
no loss in performance with respect to an equivalent cen-
tralized system. It also leads to load balancing of servers 
and fault tolerance. That is, if there is a link/server out-
age, there will be graceful quality degradation at the cli-
ent end (the decoded quality decreases smoothly with the 
reduction in the number of received packets).  

TECHNOLOGY 
VISDOM seeks to deliver a nearly constant perceptual 
quality to the client leading to a satisfying user experi-
ence. Given that the receiver is connected to multiple 
servers, VISDOM accomplishes this task while minimiz-

ing the net aggregate bandwidth used from all the servers 
put together. A block diagram of the system is shown in 
Figure 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
There are three salient aspects of the VISDOM system: 
Video Compression: We use a “progressively” encoded 
video bit-stream, such as H.263+ or MPEG4-FGS. Such a 
bit-stream has the property that the data bits are arranged 
in chunks or “layers” of decreasing order of “impor-
tance”. The decoding can be partial and the more data 
layers that can be decoded, the better the decoded quality. 
Therefore, a single stream can be served over a dynamic 
network with varying bandwidths and/or cater to diverse 
receivers. 
Robust (Distributed) Coding: A progressive bit stream, 
as described above, is sensitive to the position of packet 
loss, i.e., a loss of more “important” bits can render the 
remaining bits useless from the point of view of decod-
ing. Such a prioritized bit stream is inherently mis-
matched to the Internet, which offers equal treatment to 
all packets. So, a trans-coding mechanism to transform a 
prioritized bit stream into an un-prioritized one, in which 
the decoded quality is only a function of the number of 
packets received, is required. The MDFEC (Multiple De-
scriptions through Forward Error Correction codes) [1] 
algorithm offers a computationally efficient solution to 
this problem by trading off bandwidth for quality. Essen-
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tially, the algorithm uses Forward Error Correction 
(FEC)1 codes of varying strengths to differentially protect 
(the more important parts of the bit-stream are protected 
more than the less important parts) the video bit-stream. 
Figure 2 illustrates the operation of the MDFEC algo-
rithm. While it was originally designed for a single chan-
nel between the sender and the receiver, an interesting 
property of this algorithm is that it is inherently distrib-
uted. Using information about the “aggregate” channel2 
that is made available by the client to all the servers, the 
servers independently apply the MDFEC algorithm and 
subsequently, the servers send different parts of the pro-
tected stream to the receiver, as shown in Figure 2. 
Networking:  The networking aspects of the problem 
involve the synchronized operation of the remote servers 
to enable the encoding and transmission of real-time data. 
This is accomplished through the client, which acts as the 
synchronization “master” coordinating all the servers.   
VISDOM is network –friendly since it uses the least pos-
sible net bandwidth required to satisfy the end user. Fur-
ther, the VISDOM algorithm runs over coarse time scales 
to adapt to the dynamic traffic conditions in the network. 

IMPACT ANALYSIS 
VISDOM, which introduces a new paradigm in the area 
of video streaming, is targeted towards enabling content 
providers to provide their end users with a richer stream-
ing experience than is presently possible. VISDOM 
makes a transparent interface available to the content 
provider by requiring it to simply provide a progressive 
video bit stream and abstracting away the network layer 
details. The fault-tolerance features of VISDOM will, in 
turn, allow the content providers to provide (statistical) 
service guarantees to the end users and also have multiple 
Quality of Service (QoS) levels. On the whole, we be-
lieve that VISDOM will lead to a better leveraging of the 
Internet as an entertainment delivery medium.   

INNOVATION 
The idea of accessing multiple mirror sites in parallel was 
suggested in [2] (Digital Fountain employs this tech-
nique), in which the authors propose the use of FEC codes to 
simultaneously download file data from multiple mirror sites. 
The techniques proposed here, however, are limited to 
data downloads and do not apply to real-time scenarios. 
While for the case of data transmission, data integrity is 
of foremost importance, video lends itself intrinsically to 
a framework where the trade-off is between bandwidth 
and quality. This motivates our chosen framework for 

                                                                 
1 FECs introduce redundancy at the encoder by converting k message 

symbols into n>k code symbols.  This enables the decoder to recover 
the input k message symbols correctly even if there are some losses in 
transmission and only some m ≥ k code symbols are received. 

2 The aggregate channel is the channel seen by the receiver considering 
all the servers together. 

VISDOM (where we try to keep the quality constant 
while  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
minimizing the rates of transmission from the different 
servers). Even if there is an outage on a large number of 
links/servers, the received quality will dip but gracefully 
due to the nature of the progressive bit stream. VISDOM 
naturally introduces a notion of multiple QoS levels due 
to the property of graceful quality degradation3. Further, 
in VISDOM, the FEC codes are across the servers, with 
each server sending distinct information. This is in con-
trast to the Digital Fountain scheme, where duplication of 
information is a possibility. Finally, the deployment of 
the MDFEC algorithm is motivated by its theoretical su-
periority over all other known schemes [3] in the given 
scenario.  

DEVELOPMENT PLAN 
The VISDOM algorithm and associated protocols have 
already been developed. We intend to conduct tests over 
the Internet to measure the real gains from using multiple 
servers and have a test system working by mid-May of 
2002. Further, we are in the process of developing a simi-
lar algorithm for the multicast case.  
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Abstract 
A proof-of-principle ion projection lithography (IPL) sys-
tem called Maskless Micro-ion-beam Reduction Lithogra-
phy (MMRL) has been developed and tested at the Law-
rence Berkeley National Laboratory (LBNL) for future 
integrated circuits (ICs) manufacturing and thin film media 
patterning [1]. This MMRL system (Fig.2) is aimed at 
completely eliminating the first stage of the conventional 
IPL system [2] that contains the complicated beam optics 
design in front of the stencil mask and the mask itself. It 
consists of a multicusp RF plasma generator, a multi-
beamlet pattern generator, and an all-electrostatic ion opti-
cal column. 

Keywords 
Maskless, ion beam, lithography, sub-micron. 

INTRODUCTION 
For the past four decades, the speed of computers has dou-
bled every three years, a trend explained by Moore’s law 
[3]. The growth of information storage capacity comes 
from the increasing number of transistors built into a mi-
crochip. This is made possible by the steady shrinking of 
the size of integrated circuits (IC’s), as defined by their 
smallest feature size, or linewidth.  Linewidths of currently 
manufactured chips are 200nm and are expected to shrink 
to 50nm in the next decade or so. As line widths decrease, 
so must the wavelength employed in photolithography to 
create the chips. However present methods of optical li-
thography cannot keep up with the above size reduction. 
Among the so-called post-optical lithography technologies 
under consideration by the industry are extreme ultraviolet 
(EUV), scattering with angular limitation projection elec-
tron beam lithography (SCAPEL), electron-beam direct 
write, and ion-beam projection (IPL). All of which seek not 
only to deliver sub-50nm feature sizes, but also low-cost 
and high throughput production. A novel IPL technique 
called Maskless Micro-beam Reduction Lithography has 
been developed at Lawrence Berkeley National Laboratory.  
 
TECHNOLOGY 
The main components of the MMRL system consist of a 
multicusp plasma generator, a multi-beamlet extraction 
system, and an accelerator column for beam reduction. 
These main components are the distinguishing features that 
set MMRL apart from its conventional IPL counterpart. A 
multi-cusp ion source can produce large volumes of uni-

form and quiescent plasma. A source of 26-cm diameter, 
capable of producing a 19-cm diameter of uniform plasma 
was designed for use with the MMRL system. The open 
end of the multicusp plasma generator is enclosed by a 
40µm-thick extraction system. This is the so-called univer-
sal pattern generator, which consists of an array of multi-
beamlet apertures. The beamlets emerging form the univer-
sal pattern generator, forming the desired lithographic pat-
tern, are accelerated to about 75keV through the accelerator 
column. This pattern is reduced in size by an all-
electrostatic lens system before it is projected onto the wa-
fer surface. The lens system consists of seven cylindrical-
disk electrodes, one of which serves as a ground electrode 
in front of the wafer plane, and occupies a total length of 
less than 70 cm. 

IMPACT ANALYSIS 
Lithography is the semiconductor industry’s key enabler. It 
enables the increase in speed and density of microchips 
while making possible about one-half of the chip produc-
tivity improvements each year by steady decreases in 
linewidth, or minimum feature size [4]. Reduction in 
linewidth brings IC’s closer to one another and reduces 
chip size, this increasing chip production yield on a silicon 
wafer substrate and decreasing information storage cost 
(per bit). In addition, smaller line widths also reduce the 
distance and time of information travel between IC’s. 

INNOVATION 
The starting point for any ion beam device and, hence, its 
optics is the ion source. MMRL’s RF-driven ion source is 
capable of generating almost pure H+ ions from a uniform 
plasma region with a diameter of nearly 20 cm (Fig. 3). 
The pattern generator, consisting of an array of micro-
apertures, is patterned on two (plasma and extraction) elec-
trodes separated by a ~5-µm layer of insulating material. 
Individual ion beamlets can be switched on or off to form 
the lithographic pattern by biasing the extraction electrode 
with respect to the plasma electrode. Removing the use of 
stencil masks from the lithographic process via such an 
electronic pattern would result in enormous cost savings by 
eliminating the technology efforts for mask development, 
defect detection, and defect correction. The use of an elec-
tronic pattern also offers improved flexibility for rapid im-
plementation of new designs and higher throughputs due to 
time saving from the elimination of multiple mask steps. 
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The ion optics have been characterized for the prototype 
MMRL system via the MUNRO computational codes [4].  

DEVELOPMENT PLAN 
The optics and throughput requirements of this new IPL 
technique have been studied in reference to the current IPL 
system from IMS, Vienna. In addition, the design and op-
timization of the system’s accelerator column have been 
achieved using the MUNRO code. The optics of a 10x de-
magnification lens system designed for experimental on-
axis exposure has been characterized with respect to image 
distortion, geometric blur, chromatic blur, and stochastic 
blur. Preliminary calculations indicate that throughput of 
30 (300-mm) wafers per hour or higher can be achieved at 
current density of 100 µA/cm2 (at the wafer plane). Cur-
rently, 160nm features at 566nm pitch on PMMA have 
been achieved with the 10x column design. Work has al-
ready begun on the 20x and the 50x reduction column de-
signs. 
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Abstract  
Advances in short range, ultra low power wireless 
technologies are making inconspicuous computing 
applications feasible.  The Summit utilizes such technology 
to address current problems in trail navigation by outdoor 
enthusiasts.  GPS, topographical, and directional 
information is integrated to provide dynamic trail 
monitoring capabilities.  Summit clearly and concisely 
communicates this information to the hiker with a unique 
human-computer interface.   

Keywords 
Inconspicuous computing, wearable computing, user 
interface 

INTRODUCTION 
Wilderness activity, especially hiking, is a popular pastime 
in the United States with nearly fifty million hikers [3].  
However, trail navigation via traditional map and compass 
is often awkward and susceptible to human error.  While 
marginally improving the awkwardness of handling a map 
and compass, GPS modules are hindered by small cluttered 
displays, error susceptibility, high learning curves and a 
lack of safety features.  The Summit provides a solution to 
the difficulty and awkwardness of conventional navigating 
methods, in addition to providing new trail safety features.   
Through a unique visual interface, the Summit provides 
several previously impossible functions: 
 
•  Trail deviation alert.  The Summit system 

continuously monitors a hiker’s location.  If the hiker 
deviates a specified distance from a predetermined 
path, the Summit system will alert the hiker. 
 

•  Trail location.  The Summit system is capable of 
determining the shortest return path to the 
predetermined trail from a current location.  The hiker 
is automatically notified of the return direction if the 
trail deviation alert is activated.  The hiker may also 
manually query the trail location. 

 
•  Water monitoring and location.  The Summit 

continuously monitors a hiker’s water reserve.  The 

hiker is automatically notified of a water shortage and 
directed to the nearest water source.    

TECHNOLOGY 
The Summit supplements the user’s body server [4] and 
consists of three components: watch attachment, body 
server casing, and water monitor unit.   
 
•  Watch Attachment.  The watch attachment is the 

human-computer interface for the Summit system.  
Designed to fit around the user’s existing watch, the 
watch face remains visible through the opening.  

 

 
Figure 1: Watch Attachment 

  
 The upper portion contains an eight bi-color led 

resembling a traditional compass face.  The connecting 
posts house batteries and a digital compass.  The lower 
portion contains a two-axis accelerometer and a dot 
mote[2]. 

 
•  Body Server Casing.  The body server casing is 

designed to protect the body server.  Additionally, the 
casing contains a rene mote, piezo buzzer, GPS chip 
and batteries.   

 

 
Figure 2:  Body Server Casing 

 
 The body server casing attaches to a backpack strap via 

nylon strap. 
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•  Water Monitor Unit.  The water monitor unit fits in the 
bottom a Platypus-style water bag.  

 

 
Figure 3: Water Monitor Unit 

 
  The unit contains a rene mote, batteries, and flex 

sensor.  A float is attached to the flex sensor tip; the 
status of the water reserve is determined by the flexure 
of the sensor.   

 
The user initially selects a digitized topographical map of 
the region, such as those produced by National Geographic, 
and selects a path to hike.  The user then uploads the map 
to the body server.  As the user hikes, GPS and directional 
data is monitored and integrated with topographical data.  If 
the user deviates farther than the specified distance, the 
user is notified via the piezo buzzer.  Summit’s software 
then calculates the shortest return path to the trail.  The 
watch attachment displays the direction towards the path 
using two illuminated leds to create a vector.  In addition, 
the user is notified via the piezo buzzer if the water reserve 
falls below a predetermined threshold.  Summit’s software 
calculates the path to the nearest water supply and directs 
the user via the watch attachment. 

IMPACT ANALYSIS 
The Summit was developed as a product development 
exercise.  Foremost, the Summit provides a sound value 
proposition to the hiker.  The user is enabled with 
previously impossible capabilities (see Introduction).  
Moreover, the Summit provides cost savings through 
tangible aspects, such as map expenses, as well as 
intangible benefits relative to previous navigation methods.  
In addition, initial market research indicated a substantial 
opportunity in the $15 billion annual revenue outdoor 
industry [3].  The Summit is positioned to enter a well-
defined market as a product offering a sound value 
proposition for a specific application. 
 
While the Summit is designed for outdoor enthusiasts, the 
application domain for the Summit concept extends beyond 
outdoor activities.  Military applications such as the next 
generation smart soldier present a viable opportunity for the 
Summit concept.  Urban and airport navigation are 
additional applications for the Summit concept.   

INNOVATION 
The Summit project presents two innovative aspects in 
product design: user interface design and design for 
wearability. 
 

•  User interface design.  The watch attachment provides 
a unique human-computer interface.  The simplicity of 
the led design avoids the confusion of a cluttered LCD 
screen.  However, through creative signaling, all 
pertinent information is clearly and concisely 
presented to the user.  In addition, the ring 
intentionally resembles a traditional compass face in 
shape and colors.  Such resemblance to a known 
artifact allows the technology adopter to feel more 
comfortable and accepting of the new technology.   

 
•  Design for wearability.  The Summit is designed to be 

inconspicuous over long periods of time.  Therefore, a 
variety of design-for-wearability guidelines [1] were 
applied to the watch attachment and body server 
casing.  Well-designed placement, form language, and 
accessibility are key characteristics of the Summit. 

 
Often the journey is more valuable than the end product.   
In the case of the Summit project, the design process 
utilized an innovative design methodology: ethnographic 
design.  The Summit design team explicitly designed from 
the “top down.”  The design team monitored a variety of 
outdoor activities through photography, observation, 
interviews, and product research.  A common problem was 
detected: fumbling with large topographical maps while 
hiking.  A verified problem, or user pain, was detected and 
isolated before any engineering took place.   

DEVELOPMENT PLAN 
Currently, a proof of concept has been produced.  Further 
hardware design includes circuit design, GPS development, 
water monitor development, and PocketPC adapter 
development.  Further software work includes topographic 
and GPS integration.   
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Abstract 

     A new capacitorless double-gate cell is proposed for 
high density, sub-100nm DRAM technologies.  Two gates 
and a thin, lightly doped body minimize problems caused 
by dopant fluctuations, off-state leakage, and disturbs.  
The cell's large body coefficient (dVT/dVBS) transforms 
small gains of body potential into increased drain current.  
Two dimensional simulations indicate that a double gate 
cell can sustain a measurable change in drain current 
several hundred milliseconds after programming at 85oC. 

Keywords: double-gate, scaled CMOS, DRAM 
INTRODUCTION 

     Today, it is unclear how DRAM will move past the 1-4 
Gbit generation without changes in the cell design [1].  
Alternative structures, such as capacitorless gain cells, 
have been proposed to replace the mainstream 1-T/1-C 
DRAM cell [2].  In this report, a new capacitorless, double-
gate DRAM (DG-DRAM) cell is presented.  Unlike other 
capacitorless structures, DG-DRAM can be used in sub-
100nm process technologies with gigabit-range memory 
densities.   

TECHNOLOGY 
     The simulated cell structure is depicted in Fig. 1.  Unlike 
a conventional double-gate logic transistor, the two gates 
of a DG-DRAM device are not electrically connected.  
This allows for an electrically induced floating body to 
appear within a fully depleted body when a negative 
voltage is applied to the back gate.  The potential barriers 
created by the back gate also allow holes generated by 
impact ionization near the drain to be retained within the 
body during a programming event.     
   
 
 
 
 
 
      
 
 
 
     Changes in the quasi-floating body potential (VBS) 
along the back interface affect the front channel 

conductivity.  This change is represented by the cell's 
body coefficient as dVT/dVBS = -3Tox/TSi, where VT, Tox, and 
TSi are the threshold voltage, oxide thickness, and silicon 
film thickness respectively.  Since a thin body, double-
gate device effectively terminates field lines from the drain, 
a slightly thicker gate oxide may be used in a DG-DRAM 
cell while avoiding punchthrough and excessive off-state 
leakage.  By combining a small silicon film thickness and 
thick gate oxide into one device, DG-DRAM has the ability 
to transform small gains in body potential into larger 
changes in VT.  
     2-D MEDICI simulations conducted on double-gate 
MOSFETs have shown a good match with measured I-V 
data [3].  Simulations of a DG-DRAM cell at 85oC indicate 
that a measurable change in drain current can be sustained 
several hundred milliseconds after programming.   It 
should be noted that others have confirmed that such 
long retention times can be sustained through 
experimental measurements in partially depleted, 
capacitorless DRAM cells [2]. 

INNOVATION 
     DG-DRAM distinguishes itself from other technologies 
in several ways.  First, scaling a conventional PD-SOI 
MOSFET requires a high body doping to suppress short 
channel effects and maintain a floating body.  Heavy 
doping increases dopant fluctuations within the depletion 
region, resulting in a large threshold voltage (VT) 
distribution for small transistors.  While dopant 
fluctuations may be tolerable for wider logic devices, a 6σ 
variation in threshold voltage is significant for high 
density arrays using small-geometry cells[4].  This is 
especially true for capacitorless DRAM arrays in which 
the difference in threshold voltages between two states is 
only a few hundred millivolts [2]. Using redundancy is an 
option, but in a multi-gigabit array, this comes at the 
expense of including tens of thousands of additional 
wordlines since VT variations between bits are completely 
random and are not confined to local groups of defective 
cells.  In DG-DRAM, however, dopant fluctuations are 
effectively suppressed by using either an undoped or very 
lightly doped silicon film.  Unlike previously reported PD-
SOI DRAM cells, the floating body in DG-DRAM is 
electrically induced. To achieve this electrically induced 
floating body, the two gates can be set to different 

 
source                               body                           drain 

front gate 

back gate 

Fig. 1:  DG-DRAM cell structure 

mohit
29



voltages. By applying a negative voltage to the backgate, 
a floating body appears, transforming a fully-depleted thin 
body SOI transistor into a partially depleted device.  
During programming, the negative backgate bias allows 
holes generated from impact ionization near the drain to 
collect inside the body.  Increases in the floating body's 
hole concentration raise the body potential and result in a 
larger drain current.  

     Second, a unique characteristic of DG-DRAM is that it 
combines an oxide thickness which is larger than a 
conventional logic MOSFET and a thin silicon body to 
achieve large gains in threshold voltage for small 
additions in body potential. In other words, DG-DRAM 
has a large body coefficient (i.e. dVT/dVBS > 1). This large 
gain in threshold voltage can be achieved even at sub-
100nm gate lengths because the thin body, double-gate 
structure of DG-DRAM effectively terminates electric field 
lines from the drain, allowing slightly thicker gate oxides to 
be used.  Moreover, the use of a thicker gate oxide is 
helpful in minimizing hole loss through gate dielectric 
leakage.  Using only impact ionization to program a cell 
also results in reduced programming currents[2] which is 
advantageous in low power designs. 

     Third, DG-DRAM is a memory cell based on current-
sensing rather than voltage-sensing.  Cell size is not 
limited by the need to maintain a minimum amount of 
storage capacitance (Cstorage) in order to insure a 
measurable read signal since ∆Vsense is prorportional  
Cstorage/(Cstorage+Cbitline).  Thus, cell size can be reduced 
further than a conventional 1T/1C DRAM cell.      

     Fourth, DG-DRAM's structure allows it to be more 
easily integrated in an embedded process using double-
gate and/or thin-body logic transistors.  Note that 
integration of DG-DRAM into the same process with PD-
SOI or bulk logic transistors is also possible.   

     Finally, an added benefit of DG-DRAM’s thin 
body/double gate design is that off-state leakage and 
array disturb problems are minimized.  This benefit has 
been carefully explored in 2-D simulations for a DG-DRAM 
array cell [5].      

IMPACT ANALYSIS 
     DG-DRAM can have an impact on both standalone and 
embedded DRAM technologies.  We feel that DG-DRAM 
will first make its most significant impact in embedded 
DRAM products. 
     Seamless integration of dynamic random access 
memory and high performance CMOS logic technology 
has been the holy grail of advanced integrated circuit 
design for several years.  Moving the main memory closer 
to the processor has several benefits such as larger 
bandwidth, reduced power, and improved noise immunity.  
The immediate beneficiaries of an embedded DRAM 
technology include two- and three-dimensional graphics 

controllers and handheld PDAs.  Higher memory densities 
may make embedded DRAM attractive for networked 
computers and laptop computers as well. While the need 
for an embedded DRAM technology has long been 
recognized, many process integration challenges have 
impeded the fabrication of DRAM and high-performance 
CMOS logic on the same chip [6].  For example, the 
inherent need for a discrete storage capacitor in 
conventional DRAM cells greatly increases process 
integration complexity and has traditionally been viewed 
as a roadblock in an efficient realization of embedded 
DRAM systems.  

DEVELOPMENT PLAN 
     We have developed a capacitorless, double-gate 
DRAM (DG-DRAM) cell which would eliminate these 
integration challenges seen in conventional DRAM 
technologies. In addition, DG-DRAM has several unique 
features that distinguish it from other capacitorless 
DRAM structures and are expected to lead to an 
enhancement over contemporary DRAM cell designs. We 
intend to license our core technology to clients with high 
performance embedded requirements. Based on the 
specific needs of the clients, we can develop custom 
process flows based on the clients’ existing system design 
and leverage our expertise in novel device structure 
development and fabrication to provide CMOS-compatible 
embedded memory solutions.  
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Introduction 

The eye operates in a similar fashion to a 
camera. The visual pathway begins on the anterior 
portion with the cornea. This is a clear outer coating of 
fibrous coated with epithelial cells. Occlusion of the 
cornea or lens prevents light from reaching the retina, 
and causes blindness. This can be corrected however, 
with the use of prosthetic devices. 

The need for IOL implants stems from the 
occurrence of native lens opacification known as 
cataract. Cataract occurs most commonly in the elderly, 
almost 12.9 million Americans over the age of 40 suffer 
cataract resulting in a population that accounts for 1 in 
71. Congenital cataract can be found in children, where 
posterior capsular occlusion (PCO) occurs more 
frequently than in the cases involving adult onset 
cataract. 

 
Figure 1  Schematic Representation of the Eye. 

 

 
Figure 2  Ilustration of the placement of the IOL inside the eye.  
The Natural Lens is removed prior to LEC insertion 

Cataract occurs due to congenital factors, 
injury or thickening of the lens with age. Over time the 
Lens Epithelial Cells (LEC) continue to apply layers of 
lens fibers to the surface of the lens. No blood supply is 
present in lens tissue; diffusion is responsible for supply 
of nutrients. Thus, thickening of the lens leads to tissue 
and fiber breakdown in the deepest layers and opacity, 
yielding cataract. There is no cure for cataract, and thus 
the only method of re-establishing visual acuity is to 
remove the native lens and replace it with an IOL 
prosthetic. This method has increased in availability and 

quality, now yielding improved vision in 95%2 of 
procedures.  
 
Impact Analysis 

During IOL implant, an ultrasonic needle is 
inserted into a capsule that contains the native lens. The 
lens is then emulsified and removed through a 
procedure called phacomulsification. Once the lens is 
removed and the capsular bag is vacuumed out to 
remove as many LECs as possible, the IOL is folded 
and inserted through the small slit. An estimated 1.353 
million of these cataract operations are carried out each 
year in the United States alone, almost a quarter4 of 
which will eventually result in occlusion by LECs 
adherent to the posterior wall of the IOL. The cost of 
these procedures to Medicare is over 3.5 billion dollars5. 
Second only to this is the cost of capsulotomy, the 
clearing of LECs from the posterior of IOL implants, 
totaling nearly 250 million dollars annually5. 

Not only the cost associated with capsulotomy 
can be avoided by prevention PCO, but the trauma to 
the eye, difficulty for the patient, and complications 
associated with capsulotomy can be avoided as well.  

The use of lasers, particularly the 
neodymium:yttrium-aluminum-garnet (Nd:YAG) 
laser, to clear the bag of LECs has proven useful and a 
better approach to surgery because of the less intensive 
physiological reaction and the prevention of infection. 
The Nd:YAG laser and other laser methods, however, 
have associated complications. Lasers can damage to 
the intraocular lens, requiring further surgery to remove 
and possibly replace the lens; intraocular pressure 
elevation, leading to edema of the cystoid macular and 
glaucoma like symptoms; and retinal detachment6-7. The 
cost and availability of the Nd:YAG lasers are also 
prohibitive for many suffers of PCO.  
 
Innovation 
Existing Methods of PCO Prevention 

Current methods of slowing or preventing PCO 
have shown some effectiveness. These methods include 
both mechanical and chemical alterations of the implant.  
 Studies have shown that the removal of all 
LECs from the capsular bag has no effect on the 
condition or reaction of the eye, and has an improved 
effect on post implant pressure of the eye12. At this time 
there is no way to remove all LECs from the capsular 
bag, and all attempts to do so are, at this point, 
mechanical in nature and have severe effects on the 

mohit
31



Jeremy Carter: jscarter@uclink.berkeley.edu 
Shyam Patel: shyam@tbp.berkeley.edu 
Jong Seto:  jongseto@ocf.berkeley.edu 
Yi Xe Thng: ecoct97@hotmail.com 

state of the tissue in the eye. This is due primarily to the 
scraping and vacuuming that is needed with current 
methods to remove LECs. 
            Clinical methods to prevent PCO have also been 
attempted. Anti-metabolites and immunological agents 
have been used to damage actively proliferating LECs 
or to bind specific LEC receptors, causing destruction of 
the cell.13,14 However, to date, no drugs have progressed 
beyond Phase III clinical trials, mostly due to cross-
reactivity and toxicity issues.15 

  
Design Specifications (Innovation)  
      In this paper, we propose a novel IOL implant 
design for the prevention of intraocular occlusion.    
      The first step in our lens design is the selection of 
the optimal lens material. We will employ the use of the 
Acrysof version of acrylic lens. The surface of the 
Acrysof lens will be modified with poly(ethylene 
glycol) (PEG).  From this point, two separate designs 
are presented in this paper.  In one design, the PEG 
layer is further modified with a drug delivery 
oligodeoxynucleotide system designed to eliminate any 
residual LECs in the eye.  The second modifies the PEG 
layer by grafting of a bioactive molecule to ensure a 
tight and specific fit of the intraocular lens implant in 
the capsular bag.  The PEG layer is necessary in both 
designs because it prevents lens epithelial cell migration 
across the IOL surface. 
       The therapeutic delivery system will release an 
oligodeoxynucleotide (ODN) that will enter the LEC 
nucleus and prevent the synthesis of an essential protein 
for LEC survival. We have identified the αA-crystallin 
to be essential. The bioactive molecule in the second 
design is a domain of the α1β1 integrin known to bind to 
collagen type IV. Since the capsular bag is composed 
mostly of collagen type IV, this will allow the lens 
surface to bind strongly to the capsular bag.  Figure 2 
shows a flow chart of our design components.  
 
(i) Lens Material 
      Currently, intraocular lens implants are composed of 
PMMA, hydrogels and acrylic materials.  From our 
study of the various materials, it was determined that the 
Acrysof version of the Acrylic lens has far more 
advantages in terms of biological performance than the 
other materials.  The Acrysof lens is the most popular 
version of intraocular lens and is currently used by 4 
million customers. 
 

 
 
 

 
Figure 3  Acrysof Intraocular Lens 

(ii) PEG Modification 
      The first step in preventing LEC adhesion to the lens 
surface is to modify the surface with PEG.  The diffuse 
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PEG brush layer has shown to greatly reduce protein 
adsorption and, therefore, cell adhesion to surfaces of 
various polymers.19 By grafting PEG on the surface of 
the lens, the surface is modified from  
 
(iii) Therapeutic Oligonucleotide Delivery (ODN 
LENS DESIGN) 
      Although the Acrysof lens and the PEG layer would 
prevent associative binding of proteins and cells in the 
post-capsular bag, these methods do not prevent lens 
occlusion by LECs over a longer period of time. Since 
these lenses will be implanted for years in most patients, 
it is imperative to develop lenses that will repel LECs 
over the entire lifetime of the lens.  
      To the best of our knowledge, antisense gene 
therapy has not been applied to prevent occlusion of 
intraocular implants. However, gene therapeutics is 
currently intensively investigated for numerous clinical 
applications such as the prevention of restenosis. 20  
Chronic Myelogenous Leukemia (CML)21 and HIV22. 
The common goal of these various strategies is to 
identify disease related genes and target them for 
silencing. One mechanism by which these synthetic 
ODNs inhibit gene expression is at the transcriptional 
level. ODNs complementary to a specific sequence on 
the gene can bind to this portion of the gene and form a 
triple helix. This triple helix complex prevents duplex 
unwinding or the binding of transcription factors the 
gene’s promoter.23  

      We have identified the αA-crystallin protein to be 
essential for preventing apoptotic cell death in LECs.24 

Inhibiting the expression of this molecular chaperone 
will remove protective effects against apoptosis of 
LECs, and thus provide a route for inhibiting LEC 
proliferation and adhesion to the implant surface. 
Important to note is that αA-crystallin is expressed 
almost exclusively in the lens25, and thus permits a 
unique differentiation of lens cells from other cells, such 
as corneal epithelial cells in the eye. In our model, we 
propose to target hybridization of a 26-mer ODN to the 
PE2A regulatory element in mice LECs.25 This will 
limit cross-reactivity and ensure termination of only the 
LECs. 

In our model, we will conjugate poly-lysine to 
the PEG-grafted surface through an ester linkage that 
has a half-life of 30-60 days.  The ODN release profile 
will be ~.01-1 ug/day over the 30-60 day period.  The 
ODN will reach the LEC by diffusion. 
 (iv)  Integrin Lens System (Design) 

A strategy involving a decrease of space 
between the IOL and surrounding tissues to prevent 
LEC migration is detailed below.  

Such a strategy would involve preferential 
binding of the IOL to the surrounding tissues; where the 
IOL has high affinity to these tissues and vice versa.  

Analyzing the immediate tissues surrounding the IOL, 
the capsular bag which envelopes the IOL, is a matrix 
composed primarily of collagen type IV.  The capsular 
bag is transparent and is anteriorly 12-14 µm, 
posteriorly 4 µm thick. 

To mediate the specific binding of the lens to 
the bag, the binding site of α1β1 integrin can be used. 

The binding site is composed of a 200 amino 
acid sequence that is termed domain I.  A component of 
this strategy involves synthesizing a protein that is 
mainly comprised of the trench shape binding site of the 
α1β1 integrin at one end and cysteine residues at the 
other end.  This method eliminates the need to have 
considerable amounts of α1β1 integrin and allows for a 
streamlined protein specifically designed for this 
strategy.  This integrin domain will be bound to the 
PEG-orthopyridyl-disulfide layer on the lens surface.  
This integrin domain will bind to the collagen type IV 
present in the capsular and seal itself from the LECs.  

 
Figure 4  Collagen Type IV Binding to the alpha-1/beta-1 

Integrin.  Note trench-like binding domain 

 
Development Timeline 
 
(i) PEG Graft Polymerization 
In order to graft PEG molecules to the surface of the 
Acrysof lens, we will use plasma polymerization.  For 
the Integrin Lens design, Orthopyridyl-disulfide 
activated PEG (PEG-OPD is commercially available) 
chains will be used while PEG is used for the ODN 
Lens design.  The mechanism is detailed in Figure 6. 
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Figure 5  Schematic Representation of PEG polymerization on the 
lens surface  
 
ODN Lens design Methods:   
(i) Poly-Lysine Conjugation to PEG Graft Surface 
      The hydrolyzable linker is synthesized by reaction 
of paraminol with succinic acid. This linker is then 
conjugated to the PEG-surface activated with 4-
nitrophenylchloroformate, and coupled to Poly-lysine 
via carboiimide activation.  
 
(ii) Poly-Lysine/ODN Self Assembly 
      Negatively-charged ODN binds to the positive Poly-
lysine chains through electrostatic interactions. The 
ODN can be incubated with the implant 3 hours before 
implantation to achieve ODN condensation on the poly-
lysine chains. A 26-bp single-stranded 
phosphorothioated oligonucleotide,  
5’ CCTGTCTGACTCACTGCCAGCCATTCGG 3’, 
complementary to the PE2A region of αA-crystallin 
will be added. 
 
Integrin Lens Design Methods:  
(iii) Integrin Graft on PEGA-OPD 
The anchoring of α1β1integrin-like protein to the PEG 
layer can be accomplished via the following method: 
binding the protein directly to the PEG layer; by way of 
Michael type addition.39,40 The direct grafting of integrin 
domain binding proteins eliminates the need for a linker 
protein, eliminating the increased possibility of fouling, 
contamination, and cross reactions.   

 
Future directions will call for in-vivo testing of 

the both designs in laboratory animals such as mice.  If 
success is seen in these studies, the designs can be 
subjected to FDA trials.  Moreover, the ultimate goal of 
this group is to allow for both designs on a single lens 
system.  This requires additional resources and 
modifications to the methods to selectively bind Integrin 
Domains and the ODN drug system to the PEGA layers 
on the lens.  We hypothesize that having both of the 
designs mentioned above incorporated on the acrysof 
IOL will result in the most effective IOL functionality.     
 
ODN-Delivery System Characterization  

The effectiveness of the antisense-ODN in 
interfering with αA-crystallin gene transcription is 
determined.  The ODN lens will be inserted in 
transgenic mice (modified with GFP).  Over a span of 

30 days, the amount of GFP produced and the viability 
of the LECs will be determined by explanting and 
examining the capsular bag.   
 
Integrin Lens Characterization 
 The integrin lens will be implanted in one eye 
in the mice.  The other eye will be inserted with an 
unmodified acrysof lens.  Over a time span of 3 months, 
the mice will be examined for the following things:  
number of LECs on lens surface, distance between lens 
and capsular bag.  We expect to see minor to no LEC 
migration on the lens surface and a shorter lens-capsular 
bag distance than with the control.   
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Abstract 

      VCommon is a community network that is 

contributed, shared, and enjoyed by each city.  The first 

function of vCommon.com is to provide customers the 

services of reciprocal renting or swapping VHS, CD, 

DVD, and games, etc, by its online services and the 

allied local vCommon stores in each community. This 

service will let customers have chances to enjoy more 

varieties of CD, DVD, and games and so on while 

reducing their expense to the minimum.  The vCommon 

store serves as an audio and video library.   

      Second, ebay is not a perfect solution for heavy and 

large items, such as furniture, car, or highly depreciated 

goods, such as foods.  VCommon is to provide each city 

a Pick-up-yourself Auction System to make local 

residents bid on line, then pick up in your stores.      

Keywords 
        Barter, swap, rent, exchange, yard sale, moving 
sale, on-line renting, auction, bid.   
 

Introduction 
        The reciprocal renting and swamping will be 

discussed first, then Pick-up-yourself auction System.   

        On-line Reciprocal Renting  

         Many persons may own some VHS, CD, DVD and 

games at hand. We will use games as an example here. 

For example, Tom purchased a game (game 1) and John 

purchased a game (game 2).  vCommon.com provides a 

platform to make them swap their games or reciprocally 

rent their games with very low costs. The purpose of 

vCommon.com is to let customers have chance to enjoy 

more varieties of CD, DVD, games and so on while 

reducing the customers’ expense to the minimum. Every 

one can register as a vCommon member with at least one 

of his VHS, CD, DVD, or game software unwanted.  

Through auction and bid process, the member could 

swap his unwanted items with the other member for his 

wanted items. Meanwhile, every member could rent 

these items through vCommon centers at the cheapest 

price.  And the owners share 1/3 of the rental of the 

reciprocal renting.  

      Pick-up-yourself Auction System 

      Each community should have her own ebay-like 
auction system to deal with the following items. 

1. High depreciated goods: foods, shows, etc. 
2. High shipping-cost goods: furniture, cars, etc. 
3. Non-tradable goods: service goods, real estate. 
4. On-sale goods from all local stores, companies, 

such as Safeway, Kmart, etc. 
5. Yard sales and moving sales. 

     

        Local residents bid on line, then pick up in your 

stores.   

Technology 
       On-line Reciprocal Renting    

       After registering, the member (called Tom) can 

upload the product information of his VHS, CD, DVD, 

or games into the database of vCommon.com online.  

But these items would not be available to rent or swap 

until Tom delivers “Harry Potter” to our allied 

vCommon center in his local community by himself or 

by post office. Each vCommon store can download and 

upload members’ renting and swapping information from 

and to vCommon.com.  The other members can search 

the item (for example, “Harry Potter”) in the database by 

city or by catalogue. Suppose John finds “Harry Potter” 

available in his nearby vCommon store, he could bid for 

exchange from Tom or require for short-term renting 

from his vCommon store. The vCommon store serves as 

an audio and video library for the community.  If Tom 

doesn’t want to swap with John, John could rent the 

“Harry Potter” from the local vCommon store through 

vCommon.com on-line renting system.  John just needs 

to pay, say 60 cents a day for any item he rents, which is 

the lowest price ever heard (much cheaper than 

Blockbuster).  At the same time, the owner (Tom) of this 

mohit
35



item can get  $0.20 per day as his share. The potential 

profit for Tom could sum up to $70 a year if averagely 

he has an item rented by someone per day. He could use 

the money to rent his desired DVD or games, etc, from 

the local vCommon store through vCommon.com, in 

addition to withdrawing the money. 

       Pick-up-yourself Auction System 

      Most of the stuff of yard sale or moving sale is 

furniture, which is too heavy and large to ship.  It is 

weird and costly to sell or buy used furniture on 

ebay.com.  The shipping cost will be overwhelming. The 

vCommon.com provides a free message board for the 

local residents to post their yard sale or moving sale 

information.  And they can upload their stuff for selling 

on vCommon’s free auction system, which is ebay alike. 

      Suppose John proposes a yard sale on the coming 

weekend and upload all his goods’ information on 

vCommon.com. Searching by zip code, the local 

residents can find all the local yard sale and moving sale 

information.  Those items are open to bid and the auction 

will end on Friday evening, say 9 pm.  The bidder 

offering highest price pays 10% of the price as deposit 

for having the priority to purchase at the day of yard sale.  

However, the bidder must make decision one or two 

hours before the ending of the yard sale.  Otherwise, the 

seller could sell out to others.  And the deposit is not 

refundable.  If the bidders regret at the sight of the item 

on that weekend, 5% of his deposit is the remedy for the 

seller, and 5% is for vCommon.com.  If the deal is made, 

generally, the buyer picks up the item himself.   

          Buyers can regret if they are not satisfied with the 

quality at the sight of them.  All kinds of brokers can do 

business in vCommon.com.  They can sell new cars, 

used cars, real estate through vCommon’s auction 

system.  All the stores can post their discount and on-sale 

information on our message board.  In the long run, 

vCommon.com could be a local network to meet each 

community’s needs. 

Impact Analysis 
      On-line Reciprocal Renting and swapping services 

of vCommon has the potential to compete with 

Blockbuster, if strategy corpora ting with Long or others.   

In addition, our services bring potential customers (our 

members) to their on-going business while walking in for 

renting or exchanging.   We provide a much cheaper and 

easier way to the public to have entertainment.  People 

don’t need to bend and search in the shelf (such in 

Blockbuster) and get lost sometimes.  The members can 

obtain full information of the items online at 

vCommon.com, including introduction, pictures, 

referrals, etc.  Most important, we allow our customers 

pay exactly according to the “days” they consume, not in 

a package.  For each item, they pay $0.6 a day, rather 

than $4.99 for 5 days as Blockbuster does.   

      Our customers can make profit as mentioned before. 

Please keep in mind that the $20 value VHS might earn a 

member $70 a year through vCommon renting system.  

The incentive from the customers will expand the 

inventory of each vCommon store quickly with time, 

which leads to more interesting and more satisfactory 

services to our customers.  

       Our service could save our members a lot of money 

for entertainment. For example, if there are 10 new fancy 

PC games and Tom currently own one game, he doesn’t 

need to purchase the other 9 games after he get tired of 

the first game. Tom can rent the other 9 games for 60 

cents a day from the vCommon.com while John might 

rent Tom’s game and contribute 20 cents to Tom.  If both 

John and Tom decide to swap their games, both of them 

just need to pay $0.99 exchange commission to 

vCommon.com to “own” the games.  Then Tom and 

John can play their new game for one year, or forever, 

because they own those games themselves, and the cost 

is only $0.99. After they feel boring, they could bring the 

games back to vCommon.com to swap or rent again.    

       Our technology can let our members make money 

from their unwanted low depreciated audio and video 

goods.  People can rent, buy, or swap your goods through 

vCommon.com.  As for VHS, CD, DVD, and games, 

vCommon seems to be a better alternative to ebay as a 

second-hand distribution channel.   
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        Pick-up-yourself Auction System is also a better 

solution for heavy-and-large items, highly depreciated 

goods, and service goods. 

       
Innovation 

  Compared to the renting business of Blockbusters, 

vcommon provides a more convenient and cheap way to 

have entertainment.  People can click online at home, 

then check out quickly at vcommon store when their 

desired items are available. The vCommon stores don’t 

need any showroom like Blockbuster, which reduce the 

cost of vCommon.com to minimum. Compared to ebay, 

people can make potentially more profits from 

vCommon with almost zero cost. With the vCommon 

center being a hub of exchanging or transaction, the 

members will feel much more secure because no 

personal information need to be unveiled to the strangers.     

   If you swap with a person in your local community, 

you both just come to your local vCommon store to take 

your swapped goods and save the shipping cost.  If you 

can only find a perfect match in other vCommon store, 

the other vcommon store will send you that item by mail 

after the deal is made and your commission payment is 

received.   

        This is a new on-line renting system for audio and 

video product. Comparing to prior art practiced by 

BluckBuster, the customers can save time for waiting in 

line to pay and check out.  vCommon.com also shows 

and links sufficient information and pictures and referrals 

of these items on website to our customers.  The 

customers save money for entrainment, because for each 

item in our system, they pay rental by daily basis, rather 

than by a package.  Each of the local vCommon store 

functions as a video-and-audio community library, 

contributed and enjoyed by the community.  VCommon 

store A can transfer some items to vCommon store B if 

in need, and the owners of these items can still make 

rental at the other vCommon store rather than his original 

one.   

      In conclusion, the vCommon has the following 

advantages: first, the goods for reciprocal renting and 

swamping are mostly from our members with no cost.   

Second, the members can not only rent but also swamp 

or trade.  Third, our members can make money from 

their unwanted low depreciated audio and video goods 

by selling or renting through vCommon.con.  

      In our free Pick-up-yourself Auction service, the 

customers make bids on line, and then pick up the goods.  

The bid winner could regret at the sight of the true item 

although at the sacrifice of his 10% deposit. 

 
Development Plan 

1. Website design 

2. Enroll affiliated vCommon stores 

3. Marketing. 
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Introduction 

According to Semiconductor International Association 
(SIA), lithography is the most expensive component of 
fabricating integrated circuits. Major device manufactur-
ers have geared extensive resources in the search of a 
Next-Generation Lithography (NGL) technology that 
would enable smooth scaling of minimum feature size 
down-to and beyond 100nm critical dimension (CD) 
printing capability. Whether it is deep UV or Extreme-
UV (EUV) lithography, masks are the common denomi-
nator. However, as with most next generation lithogra-
phy approaches, EUVL also suffers from a tremendously 
high cost of masks, between $60-120k per level, depend-
ing on mask complexity[1]. For a typical 20 level de-
sign, an IC manufacturer can expect to pay > $2 Million 
in mask costs alone. The high cost of masks is directly 
transferred to the cost of the IC. It is increasingly felt 
that masks are a cumbersome part of the lithography sys-
tem and it is much more desirable to have a maskless 
lithography system. The idea is especially enticing if we 
consider that the cost per MFLOP calculation on com-
puters has decreased by more than four orders of magni-
tude, making lithography simulation an attractive tool in 
marching down Moore’s law.  

Technology 

We present a novel idea of wafer fabrication using a 
maskless lithography technique that substantially re-
duces the cost of fabrication while virtually eliminating 
the mask turn-around time. Digital projection of light 
using a combination of MEMS based electrostatically 
actuated mirror arrays and advanced compression 
schemes is pursued as a maskless alternative for lithog-
raphy. Our technology is designed to work with reflec-
tive optics and is easily scaled down to be  used with 
extreme ultraviolet light at 13.4nm wavelength that is 
capable of printing 50nm and smaller lines. On-chip 
electronics, in conjunction with a control computer can 
generate a pattern by turning individual mirrors "on" or 
"off".  This pattern is demagnified and focused on the 
wafer to expose photo -resist while light from the remain-
ing off-mirrors is reflected away from the optic and is 
trapped. Fig. 1 shows a schematic diagram of such a sys-

tem and Fig. 2 shows an array of prototype 3µm mirrors 
that can be deflected to modulate light beamlets for pat-
tern generation.  

Successful pattern generation requires the convergence 
of both hardware and software. To address the high data 
throughput issue, high compression algorithms have 
been developed so that compressed data is transferred to 
the nanomirror array and built-in hardware can perform 
real-time decompression [2]. Prototype nanomirror ar-
rays have been fabricated [3] with plans to fabricate 
more stable mirrors based on a comb-actuator design.  

Impact Analysis 

The annual mask costs for a typical IC manufacturer are 
expected to be $90M at the 100nm generation and $130M 
at the 50 nm generation.  ASIC manufacturers are pre-
sented with an even greater cost due to the many different 
types of devices they produce.  Annual mask costs for an 
ASIC manufacturer are expected to be $600M at 100nm 
and $900M at 50nm. A maskless alternative allows fab-less 
companies who produce low volumes per year to avoid the 
large initial mask cost. This will allow these companies to 
better compete with the larger, high volume companies 
creating a more competitive environment benefiting the 
consumer. Research institutions will also benefit from this 
technology by not only allowing for cheaper ICs but also 
by eliminating mask lead times. By eliminating these lead 
times, the institution can reduce the time it takes to get 
back their chips by several months, allowing them to pub-
lish results in a timely manner.   

 Innovation 
MEMS based mirrors for switching light have been used 
in a number of areas, such as communication and digital 
projectors. However, these mirrors are large (>15µm on 
a side) and have low operating frequency.  

To print wafers using a maskless approach, mirrors on 
the order of 1µm2 in area are needed to get the small fea-
ture size demanded by IC manufacturers. To control a 
large number of mirrors, a single chip integrating 
MEMS and CMOS is necessary. We have fabricated 
mirrors ranging from 1-3µm in size, with only 120nm 
gap, and low thermal budget compatible for post-CMOS 
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processing. The small gap is essential for stability, con-
trol, and low voltage operation.  

High throughput lithography demands the incorporation 
of high speed digital circuitry interfaced to fast-
switching mirrors.  

Design of high operational frequency mirrors introduces 
a damping factor to reduce any ringing that may occur 
during switching. Damping is accomplished using a re-
sistor as a means of dissipating mechanical energy into 
heat. The transient response to a step voltage input of an 
optimized system is plotted in Fig. 3, in which the set-
tling time can be directly scaled down by increasing the 
natural frequency. We have designed and fabricated a 
vertical-comb structure with 50-nm comb gaps (to 
achieve large electrostatic force and thus high natural 
frequency), which according to our design will switch 
with 50 ns settling time and 2 V supply [4]. Currently we 
are building mirrors to prove the control theor y con-
cepts.  

High data throughput depends on a) high speed digital 
interface circuitry to interface to the mirrors, and b) 
Compression of the layout data, and on-board decom-
pression to alleviate the I/O bandwidth limitations. The 
digital mirror interface circuitry consists of custom high 
speed 5T SRAM cells to drive the mirrors at the neces-
sary rate. We have implemented a highly parallel data 
path to drive the memory bank. This datapath decom-
presses the data using a highly compact architecture 

based on the Lempel-Ziv matching algorithm and Huff-
man Entropy decoding [5]. 

We have analyzed several decompression techniques and 
found that the Lempel-Ziv matching algorithm, together 
with a Huffman Entropy coder provides us with good 
compression ratios and the decoder is relatively simple 
to implement in hardware [2].    

The theoretical maximum frame rate of our system is 
greater than 200KHz [5]. By comparison, a 1024 x 2048 
micromirror array built by the Fraunhofer institute has a 
maximum frame rate of 1KHz. We are also able to get a 
high frame rate by compressing the mask data and using 
on-board decompression circuitry. As far as we know, 
no other spatial light modulator uses on-board decom-
pression to increase the data throughput. 

Development Timeline 
This research began with a cursory study of two ap-
proaches for maskless lithography: inkjet based ap-
proach and a spatial light modulator approach to essen-
tially transfer digitally stored design pattern information 
to a resist image on the wafer.  Eventually the inkjet ap-
proach was set aside for a more attractive (technically 
and feasibility wise) approach of spatial light modulators 
for pattern generation. Our eventual goal is to print 
25nm pixels with high-efficiency mirrors. Calculations 
confirmed by simulations show that we can get a dark 
35nm pixel at the wafer using one mirror.  
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ABSTRACT 

In today’s heavily industrialized and dynamic 
society, the faster we move, the faster we move ahead.  
Unfortunately, a glance at the highly congested and 
overcrowded streets of our metropolitan areas plainly 
indicates that we are not moving very fast at all.  The traffic 
congestion attributed to industrialization and urban sprawl 
has fostered a growing need for innovative ways to utilize 
the current travel infrastructure more effectively. 
Consequently, a budding personal transportation system 
market has materialized to extend the benefits of swift 
travel to the individual, thereby eliminating the need for 
larger vehicles, such as cars, that spawn congestion.  A 
detailed discussion of PowerBlades, an affordable and 
efficient transportation mechanism for the individual, is 
presented herein.  
 
INTRODUCTION 

Within the last two years there has been a discernable 
shift in personal modes of travel where the perception is that 
motorized scooters are an alternative advantageous technology 
to bikes, cars, Rollerblade® skates, and conventional scooters 
in that they are faster than Rollerblade® skates and scooters, 
require less human work in using them than bikes, and promote 
less traffic congestion on city streets. 
 However, motorized scooters have several major 
drawbacks, which include  their inability to be compact, 
their high cost, and inability to be used in an un-powered 
mode.  There has not been any product in the personal 
transportation sector that has solved these problems while 
achieving the benefits that motorized scooters have over 
the aforementioned modes of travel.  To this end, we have 
designed PowerBlades − a powered in-line skating system 
(Figure 1). 

 
Figure 1. The PowerBlades prototype with electric motor. 

TECHNOLOGY 
The PowerBlades system consists of motorized 

Rollerblade® skates that are powered by a 200 watt DC 
motor. 

A high-energy, 24-volt, rechargeable Nickel Metal 
Hydride (NiMH) battery supplies current to the electric 
motor and lasts approximately 40 minutes on a full charge.  
A NiMH battery was chosen because of its superior aspects 
compared to lead-acid and Nickel Cadmium (NiCad) 
batteries.  NiMH batteries are not only smaller and lighter 
than NiCad and lead-acid batteries with the same power 
rating, but also environmentally friendlier.  Furthermore, 
NiMH batteries can be charged as often as desired, 
regardless of level of depletion, without any loss of charge 
capacity [2]. 

Utilizing an innovative gear train system, the 
electrically motorized PowerBlades will propel users to 
relatively high commuting speeds, while also allowing for 
conventional operation of the in-line skating system.  The 
speed of the device will be controlled via a handheld 
variable throttle and brake.  The prototype will readily drive 
the operator to a maximum velocity of about 10 miles per 
hour.  When not in use, PowerBlades may be placed in a 
backpack or carried by hand to an intended place of 
storage. 

Our innovative gear train system provides a 5:1 
reduction in rpm resulting in plenty of torque to propel the 
rider forward.  The gear train system consists of two 
pulleys and a timing belt (Figure 2).   

 

 
Figure 2. PowerBlades timing belt and pulley system. 

mohit
40



The handheld throttle will consist of a retractable 
lever that will vary the amount of current the battery sends 
to the DC motor depending on the extent to which the user 
retracts the lever (Figure 3).  The handheld brake features 
brake-pad technology similar to that found on bikes.  
Instead of the brake pads clamping down on either side of 
the wheel as is done on a bike, a brake pad will move in the 
vertical direction and slow the wheel down due to vertical 
pressure of the brake pad applied to the wheel via 
squeezing of the brake lever. 

 

 
Figure 3. PowerBlades throttle system. 

 
An important distinguishing element of this new 

in-line skating system is the ability of the user to skate 
normally without any engine power being applied to the 
wheels.  When not in use, the electric motor is free to rotate 
in either direction and the rotation is not hindered by the 
gear train system as there is negligible resistance in the 
gearing due to high-quality, nearly frictionless bearings, 
and superior alignment and integration of the gear train 
system with the wheel. 
 
IMPACT ANALYSIS 
 Road traffic congestion has become an ever-
increasing problem in many metropolitan areas throughout 
our country. It affects not only the movement of people but 
also the flow of goods to market.  The Road Information 
Program, an organization that researches transportation 
issues, has concluded the following key findings [1].   
 

•  The annual costs of traffic congestion are rapidly 
increasing in our nation’s urban areas. 
 

•  The ability of the country’s transportation system 
to move goods and services in an effective and 
cost-efficient manner is critical to the maintenance 
of the high standard of living enjoyed by 
Americans. 
 

•  Increasing traffic congestion nationwide threatens 
our future standard of living because the health of 
the economy is increasingly tied to the efficiency 
of goods movement across the country, largely on 
roads and highways. 
 

•  Relieving traffic congestion and expanding street 
and highway capacity are critical to the ability of 
Americans to support a growing economy that will 
be needed to provide a high standard of living. 
 

 In order to relieve traffic congestion, alternatives 
to driving need to be considered. Thus, there is a definite 
need for a personal transportation system that is both 
affordable and efficient.  PowerBlades may contribute to a 
significant reduction in traffic congestion by allowing 
individuals to make short trips without the use of their cars.  
  PowerBlades are ideal for a wide spectrum of 
travelers ranging from the perpetually tardy college student 
to the urban-dwelling corporate executive.  In addition to 
providing safe and speedy travel to all breeds of trekkers, 
PowerBlades also offer appealing implications for sporting 
and recreational enthusiasts alike.  Be it propelling stunt 
extremists over ramps or accelerating avid nature lovers 
through urban parks, PowerBlades promise enjoyable 
transportation to everyone. 
 
INNOVATION 

Though the emerging personal transportation 
industry has made significant technological leaps over the 
past few years, current products such as the Razor™ 
electric scooter fail to address the growing need for a 
versatile and simultaneously entertaining product for an 
entire spectrum of riders.   

The PowerBlades in-line skating system 
accommodates and entertains a wide variety of users 
through its innovative and versatile propulsion system 
consisting of the electric motor, conventional skating force, 
or a combination of the two.  The novel propulsion system 
provides minimal resistance to man-powered motion 
thereby allowing for traditional operation of the in-line 
skating system while also providing the user ample power 
to climb daunting hills or cruise for several miles at 
relatively high speeds.  Thus, PowerBlades are equally 
effective for personal transportation as they are for fitness 
and sheer entertainment.  The PowerBlades achieve this 
versatility though an inventive timing belt and pulley 
system.  Many electric scooters on the market depend on a 
friction-based transfer of power from the motor to the 
powered wheel.  While such a power transfer mechanism 
adequately transfers the engine rotational energy to the 
wheel, it adds increased resistance which is undesirable 
should the user prefer to propel the unit using conventional 
riding.  Other alternatives of power transfer include chains 
and sprockets as well as gears.  A chain and sprocket 
system is rather bulky and loud, while a gearing system 
requires precise positioning and does not respond well to 
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impulse or shock inputs due to uneven terrain.  The timing 
pulley and belt system fixed on the PowerBlades is 
lightweight, robust, quiet, and imparts minimal resistance 
to the user during conventional operation of the in-line 
skates.    

Additional advantages of PowerBlades to current 
motorized scooters on the market include a higher degree 
of control and lower cost.  While riding PowerBlades, the 
user has a high degree of mobility and full control of each 
skate, which provides the user with the ability to skate 
aggressively while avoiding obstacles. Should an 
obstruction or obstacle appear in the user’s path, the 
PowerBlades user could simply step over, or to the side of 
an obstacle, whereas the scooter rider may attempt to 
negotiate a potentially dangerous turn thereby 
compromising stability and safety.  Additionally, most 
electric scooters range from $300 through $1000 [3].  
Using existing skate frames, wheels and bearings, 
PowerBlades can be manufactured at lower production 
costs, ultimately resulting in a lower retail price of 
approximately $200. 
 
DEVELOPMENT PLAN 

The powered in-line skating system concept 
originated from a class-based mechanical engineering 
design project at U.C. Berkeley in the fall of 2001 [4].  A 
gas-powered prototype based on a two-stroke, 0.42 
horsepower, radio-controlled car engine and belt-pulley 
drive train was designed, built, and tested successfully 
(Figure 4). 

 

 
Figure 4. Initial PowerBlades prototype, which was powered 
by an internal combustion engine. 

 

  The prototype utilized a centripetal clutch design 
to provide the user with the versatility of using the in-line 
skates conventionally as well as with power from the 
engine (Figure 5). 

 
Figure 5. Clutch assembly on initial PowerBlade system. 

 
While the gas-powered prototype propelled the 

user to modest speeds, acoustic, vibration, and 
environmental concerns as well as the proliferation of 
electric scooters on the market prompted the investigation 
of a new design based on an electric motor.  Our current 
work is focused on integrating an electric DC motor and 
NiMH battery pack onto a pair of in-line skates while still 
maintaining the flexibility and versatility of conventional 
in-line skating.  The end goal of this work is a functional 
powered prototype for initial testing and benchmarking. 

Future work will consist of compressing the 
design elements into smaller spaces and modifying the 
system as necessary to ensure robustness, reliability, and 
ease of manufacturing.  This effort will by followed by the 
possible introduction of a miniature dynamo or alternator 
used to convert rotational energy into battery power for 
extended range or to power regenerative braking.  
Substantial research will be needed for the miniaturization 
of all parts and the possible creation of a new and 
innovative electric motor that could be integrated into the 
skate guide and wheels.  Additional research may be 
focused on a quick release mechanism for the user desiring 
to easily and rapidly separate themselves from the 
assembly.  Once all modifications are complete, the 
personal transportation system can be extended to various 
other applications ranging from law enforcement to new 
sports.   

Production prototyping, testing, and refinement 
are projected to take approximately 9 months.  The 
expected development cost is about $500,000.   
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ABSTRACT 
This article outlines a system that allows motorcycle riders 
access to the myriad of audio communication and enter-
tainment devices available to automobile owners in a dis-
creet package with minimal interface distraction.  By com-
bining existing technology, we have devised a truly innova-
tive product that takes advantage of both the maturity and 
efficiency of already established products. 

KEYWORDS 
Motorcycle, mobile communications, portable audio, voice 
assisted navigation, helmet  

INTRODUCTION 
The motorcycle is typically associated with a sense of free-
dom and free spirits, as well as fast and effective transpor-
tation in a small, fuel efficient package.  However, new 
freedoms of internet and wireless technology - information 
and entertainment, accessible anytime and anywhere – have 
not been merged with the “classic freedom” of the motor-
bike.  In fact, sport bike and scooter riders cannot even 
access conventional radio and other audio in a safe, non-
distracting manner.  The BentoBox intends to fill the cur-
rent void in motorcycle electronics while allowing for easy 
expansion and implementation of future innovations. 
The BentoBox is a device designed to allow motorcycle 
riders the entertainment and communication luxuries tradi-
tionally afforded to automobile owners while removing the 
typical distractions associated with these devices.  A bento 
box is a Japanese multi-compartment “lunch box” which 
hold various treats of the diner’s choosing, and we feel that 
this analogy extends well to our product. 

TECHNOLOGY 
Conceived in Paul Wright’s ME221 Course1, the BentoBox 
is a conceptual derivative of the Personal Area Network.  A 
small 500 megabyte to 2 gigabyte computer, as well as the 
user’s cell phone, resides in a specially designed case in the 
storage compartment of the motorcycle or under the seat 
(Figure 2).  This casing will interface with the computer 
through a specifically designed cable that takes advantage 
of both the cell phone’s ability to be controlled by a com-
puter as well as the standard analog headphone/microphone 
jack.  Power for the device will be supplied via the motor-
cycle’s existing electrical system.    The computer also 
serves as a music player, whether in MP3 format or another 
of the user’s choice. 

The input/output of the device is accomplished through a 
900 MHz analog stereo transceiver that enables two-way 
wireless communication with a headset embedded in the 
user’s helmet (Figure 1).  Using the recent advances in 
command-based voice recognition technology, a large ma-
jority of the controls are handled by simple two or three 
word commands from the user, such as “dial entry 44”, 
“play track 5” and “answer call.”  The only non-voice con-
trols are the volume dial and emergency kill switch, which 
will be located inconspicuously on the helmet. 
This design is easily produced as it consists of mostly off-
the-shelf components.  The miniature computer, trans-
ceiver, and headset are all readily available, and the special 
connection needed between the computer and cell phone 
can be easily configured by an electrical engineer.  More-
over, once Ericsson’s Bluetooth technology comes to full 
fruition, this special connection may prove unnecessary.  
By cleverly packaging existing products with a unique and 
focused use, we can fill a market need without the need of 
large R&D costs. 
The next generation of the BentoBox will feature GPS 
navigation similar to the automotive navigation systems by 
Mercedes Benz and General Motors. 

IMPACT ANALYSIS 
Many regions of the world utilize motorcycles for transpor-
tation.  Also, based on the immense growth in cell phone 
usage in Japan, Europe and the United States, it is safe to 
assume that most motorcycle enthusiasts use or will use 
cellular phones in the near future.  Cell phones, GPS de-
vices, and personal stereos have enjoyed immense popular-
ity with automobile owners in these markets.  The Bento-
Box, which will eventually combine all three of the afore-
mentioned conveniences, should be well received by the 
motorcycle riding population.  In European cities, the mo-
torcycle tends to be a primary mode of transport, while in 
the United States motorcycling is often a recreational activ-
ity.   We feel the BentoBox would benefit both of these 
markets as it is a device that provides both utility (on de-
mand communication and navigation) as well as entertain-
ment (music and touring information).   
The three technologies the BentoBox is based upon (minia-
ture computers, cell phones, and voice command) are both 
maturing and converging, and the time is right to offer this 
combination to a market which has traditionally been de-
nied the luxuries of the automobile.   
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The creation of the BentoBox is also a reaction to a change 
in the image of the motorcycle.  In the United States, mo-
torcycles have largely been associated with vacationing, 
relaxation, and weekend activity.  However, the compact 
size and fuel efficiency, as well as the ability to “lane split” 
(drive between cars in adjacent lanes) have made motorcy-
cles an attractive utilitarian solution in urban areas where 
traffic is frequent, parking is sparse, and gas is expensive.  

INNOVATION 
The nearest competitor to the BentoBox is the Chatter-
boxTM 2.  The main use of the Chatterbox, however, is rider 
to rider communication using standard CB-radio technol-
ogy.  The Chatterbox does allow a cell phone to be at-
tached to the headset in the helmet; however, it does not 
allow for any active control of the cell phone. 
The BentoBox is intended to connect the motorcycle rider 
with the rest of the world.  It allows active, wireless, hands 
free control of a cell phone, whereas the Chatterbox re-
quires the user to manually enter commands into the cell 
phone.  The same is true for audio.  The Chatterbox allows 
for a portable audio device to be attached to the helmet 
headset by wire, but requires manual control of said device.  
Thus, while the Chatterbox is a wired, passive throughput 
for devices, the BentoBox is a wireless, active control for 
these same devices.  
Moreover, since the core of the BentoBox is a computer, 
the design is inherently modular.  As new, ubiquitous inter-
net service becomes a reality over the next few years, the 
BentoBox will be able to incorporate such features through 
hardware add-ons and software upgrades.  Examples 
include the aforementioned GPS system (where directions 
will be read aloud to the rider), information services (when 
entering a town, a list of popular attractions is uploaded to 
the BentoBox), and traffic conditions (real time traffic 
information and optional GPS assisted re-routing).  

                            
Figure 1 

DEVELOPMENT PLAN 
The overall design requires that the device: 1) be compati-
ble with as many cell phones as possible, 2) ensure that it 
can run off of any motorcycle’s existing power supply, 3) 
be able to fit in the storage compartment as well as into the 
motorcycle’s existing design scheme, and 4) must not pro-
duce a dangerous distraction to the user. 

Currently we have a working technology mockup of the 
basic components.  This consists of a helmet that can wire-
lessly communicate with a laptop that simulates the func-
tion of the miniature computer described above.  We dupli-
cate the function of a cell phone with a wireless modem.  
Finally, we have achieved limited success with voice con-
trol using MicrosoftTM .Net Speech3, but proprietary voice 
control applications with better tolerance and lower proces-
sor and memory overhead currently exist and will be ac-
quired with additional funding.   
Over the next semester, we plan to have the basic function-
ality of the laptop computer using either a WindowsTM 
Pocket PC device or a novel full power computer miniatur-
ized to the size of a large portable compact disc player, the 
Mini Book by SaintsongTM 4.    Using Paul Wright’s FDM 
(Fused Deposition Modeling) Rapid Prototyping system, 
we plan to develop an aesthetic, protective, and functional 
packaging for all of the components of the BentoBox.  In 
summer 2002, we would like to have limited beta testing of 
this project by students/friends around Berkeley and per-
haps San Francisco.  We estimate the cost per prototype 
will be under $5000, most likely $2000 to $3000. 

 
Figure 2 – Under Seat Configuration 
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Abstract
This paper introduces a new interaction technique for
handheld devices called the “peephole display”. The device
is treated as a small virtual window or “peephole” on a
large workspace; one physically moves the device around to
see different parts of the workspace. This technique can
make scrolling easier and faster, enables two-handed
interaction, engages spatial memory, and could be a
significant step in addressing the problem of the small
screen size on these devices. Working prototypes have been
implemented and user studies are being planned.

Keywords
Handheld computers, cellphones, scrolling, panning, spatial
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INTRODUCTION
Recent years have shown an explosion of interest in
handheld computing devices such as palm-size digital
assistants and smart cellphones. Their small form factor
enhances convenience, portability, and durability, but the
size of the display is limited to the size of the device.
Typical palm-size computers can show 10 to 15 lines of text
at once, and typical cellphones can only display about 5
lines. The inability to view and interact with a lot of
information at once is a key limitation of these devices.

These devices usually provide a scrolling mechanism to
enable the user to access a reasonable amount of
information on the small display. These mechanisms
include buttons for moving up and down, a thumbwheel on
the side of the device, or scroll bars on a touch-sensitive
screen. For viewing two-dimensional documents like maps
and photographs, dragging a pen around the screen usually
pans the image. Using buttons or wheels tends to be tedious
and slow, since the user must repeatedly press a button or
roll the wheel to move in small increments. Using a scroll
bar or the drag-to-pan technique is disruptive because it
forces the user to stop their current pen interaction, divert
their attention to the scrolling maneuver, and switch back.

Attempting to perform a pen interaction that spans a
distance larger than one screen is impossible unless the
device performs auto-scrolling when the pen is near the
edge of the screen. Auto-scrolling is notorious for being
difficult to predict and control; often the display scrolls too
slowly or too fast.

TECHNOLOGY
I propose a new scrolling mechanism based on the concept
of a virtual window. Information is imagined to be spread
out on a virtual workspace much larger than the display,
and the device itself is moved around the workspace to
view a small window or “peephole” on the space.

Figure 1. A peephole display on a larger workspace.

This is implemented by having the device track its own
physical location and use its position to control scrolling.
The device scrolls its display in the opposite direction that
the device is being moved, so as to exactly cancel the
displacement of the device in physical space.

I believe this mechanism will offer several important
advantages over current techniques:

• Scrolling is much easier and faster. The user can
simply put the device directly at the desired
location in a single movement, instead of pressing
a button many times or doing a pen manipulation.

• Absolute positioning creates an apparent link
between the device and the real world. This
enables the user to employ spatial memory to
model the overall layout of a large workspace.

• Scrolling becomes continuously controlled instead
of discretely controlled, enabling more accurate
and natural positioning.

• The dominant hand is free to continue interacting
with the device while scrolling takes place. This
enables new kinds of two-handed interaction that
are completely impossible on current devices.
Scrolling can remain mentally in the background,
which might even encourage the illusion that the
entire workspace is available all at once.
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IMPACT ANALYSIS
Everyone that uses a cellphone or handheld computer could
benefit from this innovation. As a general interaction
technique, this directly addresses the most important
limitation of palm-sized devices. Consequently, this
innovation has the potential to dramatically extend the
range of what is feasible to do on any palm-sized device.

INNOVATION
Some other research has been done in the area of
interaction techniques based on detecting the movement of
small-screen devices, particularly with tilt detection [1].
However, the key idea and unique advantage of the
peephole technique is the establishment of the positional
mapping between the virtual workspace and the real world,
which enables the use of spatial memory to orient oneself
and navigate in the workspace.

DEVELOPMENT PLAN
There are several possible implementation methods for
position tracking. Ideas that were considered included:
attaching a mouse or tablet pen to the handheld and tracking
its movement on a surface; using an optical mouse focused
at infinity to measure movement of the background image
of the surrounding room; using accelerometers to do inertial
tracking; measuring distances with ultrasound; and tethering
the handheld with cables that run to positional encoders.

Three of these methods have been implemented in
prototypes. The first prototype attached a mouse to the
handheld display, allowing its position to be tracked on a
rolling surface. The second prototype used the ultrasound
tracking system in a Mimio device [2]; this allowed the
handheld display to be moved in space instead of being
confined to a surface, but suffered from poor precision and
jitter. The third prototype tethers the handheld display using
two monofilament threads, which run through the optical

encoders of a mechanical mouse. This prototype gives both
precision and freedom of movement. Although tethers are
unlikely to be feasible in practice, this prototype was simple
to construct and works well enough to permit user testing of
this new interaction concept.

The next step in development is to perform user studies to
evaluate and validate this interaction technique. Several
possible tasks are being considered for the study:

• selecting items from menus

• finding information in text documents or webpages

• viewing maps

• solving navigation problems

The studies will compare the peephole technique with more
conventional scrolling techniques for speed, accuracy, and
user preference. As a control, users will also be asked to
perform the same tasks on a single large display that can
show the entire workspace.

Future development on the tracking technology could
improve its precision and responsiveness. Adding a third
dimension of measurement could enable another new class
of interfaces (for example, while movement in the plane
controls panning, a change in depth might control zooming
or select a cross-section of a three-dimensional object).
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Figure 2. These images were produced from two photographs taken from the same viewpoint. The movement of the device is
tracked and the display scrolls to produce the illusion of a movable view on a large document. In this example the document

is a street map. Note how Gravier St., visible in both views, maintains a fixed position with respect to the outside world.
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