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TECHNICAL MEMORANDUM

We describe a new electronic pen-based Visitor Registration System (PENGUIN) whose
goal is to expand and modernize the visitor sign-in procedure at Bell Laboratories. The
system uses a pen-interface (i.e. tablet-display) in what is essentially a form filling
application. Our pen-interface is coupled with a powerful and accurate on-line hand-
writing recognition module [ 2] | A database of AT&T employees (the visitors’ hosts)
and country names is used to check the recognition module outputs.

The system provides assistance to the guard at one of the guard stations in routing
visitors to their hosts. All the entered data are stored electronically. Initial testing
shows that the PENGUIN system performs reliably and with high accuracy. It retrieves
the correct host name with 97% accuracy and the correct visitor’s citizenship with 99%
accuracy. The system is robust and easy to use for both visitors and guards.
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1 Introduction

The ways in which people communicate with computers are changing very fast. More and more
different forms of access (e.g. speech, keyboards, mouse, pen-based interfaces) are available for
different type of applications. The pen-interface is a type of “electronic paper” that consists of
a transparent drawing surface overlaid on top of the tablet display. It accurately captures the x-y
coordinates of the pen-tip movement (“electronic ink” displays the trace on the screen surface). Pen-
based interfaces have the potential for becoming the vehicle for an increasing range of applications
since more and more tasks are becoming computer-based. They are appealing since they support
a “natural” form of human - computer interaction. They are likely to become more popular since
we expect increasing number of untrained users to interact with computers. However, their use
is justified only when handwritten input is a convenient way of entering data, and when they are
combined with handwriting recognition technology that enables immediate conversion of the input
information into the coded information convenient for computer storage and processing.

Handwriting recognition is a difficult problem Though much research has been done both in industry
and in research labs, highly accurate recognition for general tasks is hard to achieve, mainly because
of the high degree of variability inherent in the task [3] .

Keeping this in mind, to succeed, an application that uses a pen-based interface and handwriting
recognition must tightly restrict the task domain in order to keep complexity low and recognition
accuracy high. Typically it must also make use of some language model or dictionary. Also, the
processing speed has to be adequate for real-time use.

In this paper we describe an electronic pen-based Visitor Registration System (PENGUIN) that will
modernize and expand the capabilities of the current visitors sign-in procedure at Bell Laboratories.
For a visitor, the system provides a non-intrusive procedure that is essentially equivalent to filling
out the current paper form, but having the paper replaced by an electronic tablet. The PENGUIN
system uses handwriting recognition technology and database search in order to provide assistance
to the user (in this case a guard at one of the guards stations) in routing a Bell Lab’s visitor to
her/his destination. All the entered data is stored on disk.

By using the visitor’s handwritten input, the system is making an attempt to recognize some of the
entered data, like visitors citizenship, and host’s name.

The system uses a recognition engine, trained on isolated uppercase characters and digits. The
recognizer uses a coarse-coded spatial representation called AMAP (1] in combination with multilayer
convolutional neural networks [4 5] previously successfully used in optical character recognition. The
raw performance of the recognzer is very high, which makes it possible to obtain extremely high
accuracy after the personnel and countries dictionary search. Initial testing indicates that the system
performs with very high accuracy and leads to unique host candidates in most cases.

2 Current Visitor Sign-in Procedure and Proposed Solution

Current visitor sign-in procedure consists of the following steps:

o The visitor fills-out a paper form, with his name, his company information, citizenship, and
host’s name and optionally his host’s phone number

e The visitor has to write his/her name on the badge form, and the guard stamps it with the
current date.

e The guard has to enter the host’s name specified on the form into the computer in order
to extract information about the host In the case when the host’s name is misspelled or
imprecisely written, this step has to be repeated.
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Figure 1: Visitors Registration System at guard station

e Finally the guard has to call the host

e No information is stored on the disk.

In order to modify and modernize the sign-in procedure, we have identified some of the requirements
that the system has to provide.

It has to be non-intrusive towards the visitor. A visitor has to fill a form that is essentially equivalent
to the paper form, on the electronic tablet device, in her/his own handwriting. No knowledge of
computing is assumed.

For the user (the guard) the system has to act as a “personal assistant” . Based on the visitor’s
input data entered in “natural”, handwritten format the system has to convert data into a format
used by the computer, it also has to offer useful information to the guard (e.g. provide the host’s full
name, phone number and room number) and optionally perform other actions, such as host phone
dial-up etc.

The system has to be able to receive the guards feedback, when it gives wrong directions (or no
direction at all)

The system has to handle misspelling and imprecisely entered data robustly. All entered data must
be stored on the disk. Furthermore, we would like to translate and store as much as possible of the
handwritten data in ascii format

3 The PENGUIN System

The PENGUIN system was designed to meet the above requirements. It consists of two pen-based
interfaces (e.g. WACOM tablets), two terminals (one for each guard), one workstation (Sun Sparc-
10) and one printer. The architecture of the system is given on Figure 1.

Each guard terminal has three windows (see figure 2). In the left window a bit-map of the tablet form
is displayed. Two windows on the right are' a dialog window; where the results of the recognition


















