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1 Introduction

1.1 Executive Summary

HIS report describes the Phase I activities in Advanced Research in
Recognition of Handwritten Address ZIP Codes conducted for the
United States Postal Service at the Environmental Research In-
stitute of \/hchlganunder contraet 104230-86-H-0043> These activities in-
clude an in-depth review of the optical character recognition literature, the
development of a handwritten address digitized image data base, the devel-
opment of a hardware and software testbed for investigating the recognition
of handwritten addresses, and the design of a prototype end-to-end ZIP Code
recognition system. Bevond the scope originally intended for Phase I. ERIM
has implemented that end-to-end system and has determined that it achieves
ninety percent digit identification on limited test data. Featured within the
overall activities is the concept that development of image algorithms is an
incremental process. This concept is strongly reflected in the testbed archi-
tecture that has resulted from this work. This approach is unique in that
it enables continued system refinement in a way that is both understand-
able and meaningful. A plan for such refinement of the prototype system is
proposed for Phase II of this project. ,
!
.. N .
1.2 Motivation

Presently. handwritten mail that is successfully read by Phase II OCR ma-
chines represents less than one half of one percent of all letter mail sorted in
the United States. Approximately 15% of all U.S. letter mail is handwrit-
ten, of which only 4% was correctly identified by a Phase II OCR machine
in a recent test [1]. It is desirable to extend the ability of optical charac-
ter readers to include recognition of unconstrained handwritten characters
so that this 15% can be sorted automatically. To minimize constraints on
postal service users, techniques which impose restrictions upon handwritten
addresses, such as preprinted guide boxes, will not be used. The present mail
sorting system will therefore be enhanced by an automated system capable
of recognizing a large percentage of unconstrained handwritten ZIP Codes.
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1.3 Prcject Goals

The primary goal of this OCR project is to develop new techniques for the
automatic location and recognition of unconstrained handwritten ZIP Codes
in address blocks. A secondary goal is to develop techniques for increasing
the ZIP Code recognition reliability with city and state information from
the address block. To accomplish these goals, our research has been broken
into two phases. In the first phase. the major goal has been to develop a
prototype end-to-end system and a methodology for character recognition
that facilitates incremental improvements. Tasks required to complete this
svstemn have been software development and hardware acquisition for a hand-
written address recognition testbed and development of an image data base.
The second phase will improve recognition rates achieved in the first phase
through an iterative process of testing and refining the prototype algorithms
developed during Phase I. The OCR methodology developed in the first
phase will provide the framework for algorithmic improvements.

The work for Phase I was broken into the following tasks and completed
as summarized here.

1.3.1 Literature Survey

Become familiar with performance requirements for postal OCRs and with
previous handwritten address recognition system efforts through a literature
survey and USPS library research.

An extensive literature search has been performed, and a survey article de-
scribing and categorizing previous techniques nias been written [2]. This
survey also relates ERIM's methods with past techuiques. A trip was made
to the USPS library in Washington, and to the Detroit post office. We would
like to thank Leonard Tomlinson, Industrial Engineering Coordinator at De-
troit’s post office. who took the time to show us the sorting process for letters
and flats. We observed both hand letter sorting and automatic OCR letter
sorting processes. We were able to see first hand the types of handwritten
addresses that are rejected or successfully read by current OCR machinery.
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1.3.2 Image Data Base

Develop a handwritten address image data base for use in OCR syster de-
velopment.

Over 800 handwritten address images have been added to our data base.
Sources of this data base include the EKTRON images originally supplied
to us, but consist mostly of images digitized at the State University of New
York SUNY. We expect to expand this OCR data base to over 2500 images
during Phase II.

1.3.3 Prototype Recognition System

Develop prototype algorithms for image processing and character classifica-
tion that are used in a prototype end-to-end system. and develop a method-
ology for improving these algorithms easily. The algorithms must automat-
ically locate the five- or nine-digit ZIP Code block, and then recognize the
characters within that block. They must also be extendable to use informa-
tion outside the ZIP Code block, such as City/State information to reduce
the possible number of ZIP Code candidates.

Prototype algorithms to locate the ZIP Code block and recognize its char-
acters have been written and used to build a prototype OCR system. This
system has been tested using the handwritten address data base. The USPS
City/State/ZIP information data base has been read and will be used to rule
out nonexistent ZIP Codes, and may also be used to enhance ZIP Code de-
termination. These algorithms and the prototype recognition system will be
described later.

1.4 Project Outcomes

Phase I activities have produced four major outcomes: the OCR literature
review, the handwritten address digitized data base, the hardware and soft-
ware testbed for investigating the recognition of handwritten addresses. and
the prototype ZIP Code recognition system. The OCR literature review has
provided insight into past character recognition techniques, which has played
a major role in formulating an approach to this problem. The handwritten
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address digitized data base. now over 800 images. has facilitated the con-
struction and initial testing of the end-to-end ZIP Code recognition system.
The hardware and software testbed features an ERIM Cyvtocomputer and
a Symbolics LiSP Machine running several layers of software designed to
minimize vision algorithm development efforts. The prototype ZIP Code
recognition system consists of several phases: binary image generation. last
line extraction. character segmentation. feature generation. feature segmen-
tation, model matching. and ZIP Code assembly.

1.5 Future Directions

In Phase Il. the testbed developed in Phase I will be used to refine the
prototype ZIP Code recognition system. Performance data from tests on
the image data base will be analyzed and used to focus subsequent research
directions on approaches that indicate the greatest increase in system perfor-
mance. Topics that will require further attention include extracting slanted
address lines. segmenting touching digits. windowing digits with overlapping
bounding boxes. refiz.ing and expanding digit models, adding last line data
base information into ZIP Code assembly, and adding context information
into ZIP Code hypotheses formulation.

Several improvements to the methods developed in Phase I can be made.
Algorithms that perform well with textured backgrounds and analysis of bro-
ken digit characters are desired for improvements in binary image generation.
Last line extraction performance can be enhanced through techniques that
handle slanted address lines. Expansion of the current feature set. which
consists solely on concavity features, will enhance character models. Finally,
many improvements to ZIP Code assembly are planned. These include look-
ing for more than standard five-digit ZIP Code sequences, analysis of last
lines for missing ZIP Code information, and using additional contextual ad-
dress block information.
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2 Phase I Overview

2.1 Literature Review

OPTIC AL character recognition is a relatively old field about which much

has been written. To help us achieve an understanding of some of the
fundamental issues associated with this field, a literature survey extending
back to the earliest reported work in character recognition was performed
early in Phase I, entitled Methodologies of Optical Character Recognition.
Also. research at the USPS library was conducted. Abstracts dealing with
optical and machine character recognition were collected by ERIM’s Informa-
tion Center through the Dialog information services, specifically through the
Inspec and Compendex data bases. Papers included in the search were cho-
sen based upon both a perceived contribution to the theoretical and practical
aspects of OCR: and a perceived uniqueness. Additional important litera-
ture was gathered through the references of papers and articles that had
already been collected. Judging from the computer data bases and refer-
ences within papers, the final compilation of our literature search represents
a near-complete set of significant OCR literature.

Upon comp'c*ion of this search we wrote a literature review that describes
and categorizes previous OCR methodologies and allows us to compare and
contrast ERIM’s new methods with past OCR research. This literature re-
view segments OCR methodologies into three major steps: preprocessing
techniques. feature extraction, and classification methods. Preprocessing
techniques are distributed into the following: data representaiional couver-
sion, thresholding, segmentation, normalization. skeletonization, and filter-
ing. Feature extraction methods are grouped into template matching and
transform methods, and topological and geometrical feature methods. Clas-
sification methods are assembled into statistical pattern recognition, syntac-
tical pattern recognition, multilevel classification, contextual analysis, and
n-gram error detection and correction. A section on ERIM methodologies is
included that covers how our methods relate to previous work in light of the
categories described in the review. Finally, an extensive annotated bibliog-
raphy describing OCR literature referenced in the review has been prepared.

This literature review is published separately as an ERIM document. and
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accompanies this report. All literature collected for this review is available
at ERIM through Information Services.

2.2 Address Data Base

We have compiled and are using a large image data base of address block
infocrmation-at present we have over 800 images. The Computer Science
-Department of SUNY at Buffalo has been the major source of this data
base. SUNY has digitized images from a large number of sources including
Electrocom. Alcatel CGA-HBS. ERIM. the downtown Buffalo post office. the
USPS main office. and themselves. ERIM supplied SUNY with approximately
700 envelopes to be digitized. These were collected from ERIM personnel at
both our Ann Arbor and Washington offices. but the great majority were
obtained from Community High School in Ann Arbor. Students were given
envelopes and random listings of American publishers’ and post-secondary
institutions addresses. They were requested to choose an address from their
list and write it on an envelope as if they were actually sending the envelope
through the maii. This effort was coordinated through Steve Eisenberg of
Community High.

SUNY has designed a sampling procedure to obtain 2500 images of hand-
written addresses. Two thousand of the samples are to be divided into ten
groups of 200: the ten groups represent each of the ten ZIP Code zones de-
noted by the first numerzl of the ZIP Code. Each of the 200 addresses of
each group are to be distributed evenly over everv state contained in the
zone. The remaining 500 addresses are to be divided into 25 groups con-
taining 20 samples apiece. Each group represents a major U.S. city. and of
the 20 in each group, approximately half will be written in cursive and the
remainder will be handprinted. The images will be chosen to provide variety
in address composition. Addresses with both ZIP, ZIP+4, no ZIP. explicit
and abbreviated city and state names will all be represented.

2.2.1 Digitization

We have written a general command file for converting SUNY’s images to the
format that we require in the Digital Command Language (DCL) of DEC VMS
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on the ERIM VAX. At first we tried using the DCL command file READCOMP
ziven to us by SUNY and written by P. G. Mulgaonkar at SRI International.
but image files produced by this operation could not be read at ERIM's
computer site since a majority of our image processing software requires files
with fixed-length records. To address this problem. we wrote a *C" program
(fixed.c) to convert image files to fixed-length record format. We also
wrote our own command file that reads compressed image data from SUNY's
tape. converts the file to a format required by the compress.c program.
decompresses the file (compress.c), and then alters it using our fixed.c
program. All source code for these programs and instructions for their use
at ERIM are in Appendix C. We have completely automated the process of
handling new images given to us in SUNY’s image standard-all images are
decompressed by running an overnight batch job.

2.2.2 Truthing

Tools for truthing the images have been developed during this project phase.
These tools allow the program developer to label segmented characters with
the correct information. This process creates a truth file for each individually
segmented image. Additional tools have been developed to log the results
of the recognition process. These tools take the results of the matcher and
write them out to a log file to record the matching results. Other tools have
been developed to relate the results of the matching process with the truth
files. These tools allow the model development to work in a focused manner.
For example. using these tools the model developer can build an image of
all matching problems associated with the digit three so that he can focus
on resolving these problems. Combined, all these tools create a powerful
environment for building, testing, and debugging the digit models.

2.3 ZIP Code Testbed

A testbed for studying and evaluating various approaches to ZIP Code recog-
nition was developed under Phase I of the Advanced Research in Recognition
of Handwritten Address ZIP Code Project. This testbed consists of both
hardware and software components. These components represent state-of-
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the-art technology in image processing/understanding and facilitate the use
of a rapid prototyping methodology on this problem. Under this methodol-
ogy. an end-to-end prototype svstem is first developed and then incrementally
refined until satisfactory performance criteria are met. This methodology is
well-known to work best on complex. difficult problems in which the solution
must be interactively derived from knowledge acquired through experimen-
tation and analysis. Because the ZIP-Code-recognition problem has these
characternistics. this methodology is exceptionally well-suited for this prob-
lem. The testbed implements this methodology by providing an environ-
ment in which ideas can be implemented and tested rapidly. It enables the
researcher to focus his attention on the true recognition issues. rather than
the detalled implementation issues. We believe this is the only way that a
problem this complex can be solved in an efficient manner.

2.3.1 Testbed Hardware

The primary hardware components of the ZIP Code testbed are an ERIM
Cyvto-HSS image processing machine and a Svmbolics 3650 LISP machine.
An [P/TCP Ethernet link provides the communication between the two ma-
chines. The Cyto-HSS provides raw processing power for pixel-based neigh-
borhood operations. It is able to perform high resolution 8-bit-per-pixel
morphoiogical vision operatiors at roughly 10 million neighborhood opera-
tions per second [3]. The Symbolics 3650 provides an environment for both
numeric and symbolic compurtation.

2.3.1.1 Cyto-HSS Cytocomputer

The current fourth generation Cyto High-Speed System (Cyto-HSS) devel-
oped at ERIM incorporates cascaded neighborhood processing stages together
with other significant processing, control, and storage units. Each neigh-
borhood processing stage performs 10 million complete 3x3 neighborhood
morphological operations per second in parallei on 8-bit image pixels. By
installing 10 stages into the pipeline of stages. 100 million 3x3 neighbor-
hood morphological operations per second are performed. The high-speed
intelligent image memories can simultaneously supply and accept 8-bit im-
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age pixels at the rate of 10 million pixels per second. This is an effective
pixel rate of 20 million S-bit pixels per second per board. The Cyto-HSS
processing is controlled from the ERIM-developed image processing language
C4PL (Cytocomputer Portable Parallel Picture Processing Language). This
software system is the result of several generations of evolution in ERIM pro-
prietary interactive image analysis languages. C4PL is fully integrated with
ERIM’s Cyto-HS5 Image Processing Systems.

2.3.1.2 Symbolics 3650

The Symbolics 3650 is a powerful computing environment. It features a
hardware tagged memory architecture for run-time data-type-checking and
generic operations. a stack-oriented architecture with large stack buffers. a
powerful front-end microprocessor, hardware-assisted garbage collection for
memory efficiency with low software overhead. and a sophisticated and sup-
portive software engineering environment. The current configuration for this
machine provides 8 MB of main memory. one 368 MB Winchester disk drive.
two RS232C serial I/0 ports. a built in Ethernet interface, and 13 expansion
slots for additional options. The software environment features such exten-
sions as Flavors object-oriented programming, networking, window manage-
ment. graphics, multitasking, editors, and debuggers.

2.3.1.3 Networking and Communications

An initial communication capability between the Cytocomputer and the
Syvmbolics was developed in the first phase of this project. An overview
of this capability is shown in Figure 1. This implementation makes use
of the existing C4PL environment and its ability to program the Cytocom-
puter. To do this. the VAX is introduced as an intermediate node between
the Symbolics and the Cytocomputer, with all three machines connected via
an ethernet. The VAX 1s used as a C4PL host. In this configuration. the
Symbolics communicates with C4PL and as a consequence, C4PL interacts
with the Cytocomputer. For example, if an OCR algorithm running on the
Symbolics determines that more image analysis data is needed from the Cy-
tocomputer to help make a good decision. it can send. via the ethernet. a
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C4PL request to a C4PL process on the VAX. C4PL reads the request off of
the ethernet and issues corresponding requests to the Cytocomputer.

2.3.2 Testbed Software

A major component of the testbed is software that was developed under this
phase of the contracted effort. This software builds upon the native languages
of the Cyto-HSS and the Symbolics LiSP machine to provide an environment
in which recognition algorithms can be developed in an efficient way. The
testbed software is based on a library philosophy that enables ideas to be
developed from existing algorithm modules. It thus minimizes the amount
of new code that must be developed when new ideas are implemented. The
testbed software 1s also based on an open architecture philosophy that per-
mits continued extensions of the libraries of algorithm modules as the re-
search develops. These extensions can be made at the image processing,
segmentation. feature attribute. feature relation. and matching levels. Un-
der this philosophy. as new fundamental approaches to ZIP Code recognition
are identified. they can be incorporated into the testbed environment. This
facilitates rapid prototyping by providing a powerful and flexible develop-
ment environment in which research can be focused on recognition issues.

An overview of the software system developed under this project is shown
in Figure 2. Processing within this syvstem consists of three main phases:
transforming the raw ZIP-Code image into state-labeled feature maps. com-
posing the resulting feature maps into a composite symbolic feature map.
and identifying ZIP Codes by matching feature-based digit models to the
composite map. The interaction between these three phases is driven by
a hierarchical matching strategy that is designed to minimize the amount
of unnecessary processing while maintaining algorithm performance. The
matching strategy itself is directed by feature-based digit models. These
models facilitate rapid development of experimental vision systems.

In the first processing phase. the raw ZIP-Code image is transformed into
state-labeled feature maps. These transformations are performed by low-
level. image-processing algorithms operating on the Cytocomputer. These
algorithms are directed at locating ZIP-Code features in the image. A typical
feature might be a digit window, a concavity, an end point, or a junction

10
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point. The Cytocomputer 1s ideally suited to perform such operations.

In the second processing phase. the state-labeled feature maps are trans-
formed into a composite feature map. This is accomplished by segmenting
the individual state-labeled images and taking various measurements on the
resulting regions. Since the feature maps are represented as state-labeled
images. the process of segmentation is straightforward. Furthermore. the
segmentation is performed only on an as needed basis. Thus. if simple ini-
tial tests determine that an important digit feature does not exist in certain
portions of the image. then there is no need to segment additional feature
maps in those areas. Likewise, if a feature does not possess a necessary digit
attribute, e.g. size or shape. then a digit match is not possible and there is
no need to compute additional feature attributes. Thus. the entire composite
feature map i1s dynamically developed as needed by the matching process.
and since only information that is required for the solution is calculated. the
overall computational complexity of the resulting vision system is reduced.

In the third and final processing phase. digits are identified by matching
prototypical feature-based digit models with portions of the composite sym-
bolic feature map. The models are represented as ordered matching clauses
that describe how features must exist in the image in order to be classified.
These clauses identify the features that are required, the attributes that
these features must have, and the relationships that must exist between the
features. These clauses also dictate how attention will be focused in search-
ing for the digits within the image and how those digits will be ultimately
identified. The clauses represent an efficient, hierarchical matching strategy
that eliminates nonmatches as quickly as possible by using simple tests. For
example, if a test determines that a key digit feature does not exist in the
image, then there is no reason to continue the matching process. In keeping
with this idea, the overall testing strategy is hierarchically organized from
least to most complex with the most complex tests being performed on only
the most promising matches.

12
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2.3.2.1 State-Labeled Feature Map Development

The testbed uses the Cytocomputer to process the input ZIP-Code image and
produce the state labeled feature maps. A state-labeled feature map is an
image in which pixels in a given state indicate the presence of a particular
kind of feature in the original image. The Cytocomputer produces state-
labeled feature maps by transforming the original image with a series of
operators. The Cytocomputer has operators for filtering, thresholding, and
skeletonizing images, as well as operators for finding and labeling regions in
the image.

The Cytocomputer processing starts with grayscale filtering operations.
One important class of Cytocomputer filters are those based on the open-
ing and closing operations of mathematical morphology. These filters are
tuned to specific spatial scales, and correct filtering depends on the spatial
scale of the ZIP Codes located in the imagery. Small scale filters are used to
smooth the image, removing variations which are too small to be of interest.
Large scale filters are used to estimate slowly varying backgrounds, which
may then be subtracted from the image to form a thresholdable image. The
Cytocomputer can also perform matched filtering which will tend to empha-
size digits which have shape characteristics which match the filter’s shape
characteristics.

The filtered image may be used as input for edge detection or may be
thresholded to produce binary images. In the case of edge detection, the
detected edge segments are sent directly to the composite feature map. The
connected regions in binary images may also be passed directly to the com-
posite feature map, or they may be subjected to further Cytocomputer pro-
cessing.

In many cases skeletonization (also called thinning) may be used to reduce
binary images to lines of single pixel thickness. The Cytocomputer can also
mark endpoints and junctions in skeletonized images. A skeletonized and
marked image provides a very useful summary of the overall structure of the
shapes in the binary images.

Another kind of processing for binary images involves the use of operators
from mathematical morphology. With these operators regions passing size
and shape criteria may be kept while other regions are removed from the

14
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image. Region borders may also be smoothed. By noting exactly what kind
of processing produced a given region, the composite feature map may know
quite a lot about the regions it has without having to explicitly measure their
properties.

The library of Cytocomputer operations provides the building blocks to
perform a large number of image processing functions. The choice of which
operators use, and how to combine them depends on the problem. The goal
of this level of processing is to summarize the important information in the
image in the form of state-labeled feature maps. The regions in these maps
become the features on the composite feature map.

2.3.2.2 Composite Map Development

The second processing phase within the system is focused on the development
of the composite symbolic feature map. This phase is critical to the overall
system, since it provides the bridge between the pixel-based processing of
low-level vision and the symbolic-based processing of high-level vision. The
segmenter, which extracts features for the composite map from the state-
labeled feature maps, must provide a rich set of techniques for identifying a
wide range of features. The data structures that define the composite map
must be flexible to allow long-term system enhancements. They must also
be efficient to enable rapid information retrieval over a wide range of queries.

The representation of the composite map determines much of the overall
system flexibility and performance. An overview of the map representation
is presented in Figure 3. As illustrated in this figure, the map is an object
with two primary components: a feature list and a relation hash table. Both
facilitate access to information in the composite map. This access, however.
is somewhat varied. The feature list is an indexed list of features identified
within the image. This list provides quick and ready access to features
located anywhere in the image. Typically, this form of map access is used
to locate features within some region of interest in the image. The relation
hash table is a simple hash table object. This table contains previously
calculated relationships between features of the composite map. Typically,
it is accessed anytime a relationship is requested to see if that relationship
has already been determined. Together the feature list and the relation hash

15




table facilitate efficient access to composite map information.

The primary component of the feature list is a feature. Within the
testbed. a feature is represented as a simple object with a region and an
attached property list. The region locates the feature boundaries within the
original image. The property list holds the feature type and state produced
by the segmenter. The tvpe identifies the state-labeled image which pro-
duced the feature. The state identifies its intensity level within the image.
Run-length encoding is used as the representation scheme by the testbed
segmenter. A library of methods use this representation to calculate feature
attributes. A scheme is used which intercepts the message defined by these
methods. If the message has not been received before. it is allowed to con-
tinue, and the resulting attribute value is added to the feature property list.
If a message has been received before. it is aborted. and the desired result
is simply recalled from the property list. In this way. feature attributes are
computed once when needed, and redundant calculations are eliminated.

Features are extracted from the state-labeled maps and placed into the
composite map by the segmenter. Since this segmenter operates exclusively
on state-labeled images, it is much simpler than corresponding gray-level
segmenters. The segmenter simply identifies features as regions in the state-
labeled image. For each identified region. the routine then creates a new
feature object, attaches its region description. and adds it to the composite
map.

The primary component of the relation hash table is a description of a
relationship between two features and a relationship value. The description
1s stored as a Lisp form, and used as an index into the hash table. The
relationship value represents the result of the relationship calculation. If the
relationship has been calculated once, the hash table is used to retrieve the
resultant value, and thus avoid unnecessary recomputation.
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Figure 3. Composite Feature Map Representation

2.3.2.3 Model Development and Matching

The third processing phase within the system is focused on matching digit
models to composite map facts. The models describe how selected features
must exist in the image to be classified as a particular digit. The models are
either primitive or complex. The primitive models correspond to features in
the state-labeled feature map. The complex models consist of models, model
attributes, and model relations. The attributes specialize the models and
determine their size, shape, orientation, etc. The relations define the spatial
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qualities. e.g. above. next-to. or between. that exist between the models.
This recursive model definition enables the development of complex models
from simpler models. It also facilitates the development of model packages
that can be developed and placed into libraries.

The models are developed in a model-matching language developed at
ERIM. This language 1s comprised of clauses that can be organized into four
different classes: bindings-operator. free-set-operator. side-effect-operator.
and control-operator. The bindings-operator clauses either generate or prune
the candidate matching bindings. The free-set-operator clauses manipulate
the free-set from which the candidate bindings are selected. The side-effect-
operator clauses generate a desired side-effect. The control-operator clauses
determine the flow of control for clause evaluation. Together these clauses
create a powerful model-matching language which 1s well integrated into the
Symbolics LISP machine environment.

The model-matching language can be defined in BNF form as seen in
Figure 4. This formal definition specifies the syntax that is used in writing
models. The clauses shown in this definition are organized into the four
classes outlined above in Figure 5. This organization is used below to describe
the semantics associated with each clause.

Binding-Operator Clauses

The bindings-operator clauses define the way in which bindings are handled
by the model-matching language. These clauses can be further broken down
into two groups: those that generate bindings and those that prune bindings.
Included within the clauses that generate bindings are the require, allow, and
bind clauses. Included within the clauses that prune bindings are the test,
ordered, pairwise. and and-nothing-else clauses.

Require

The require clause is used to bind a matched submodel to a variable. It
generates all possible bindings for each entry on the current binding list. For
each new binding, features are matched and removed from the free-set. If
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(mode) — (defmodel ((arg-list)) ((clause-list)))

(arg-list) — :color (color) | (empty)

(color) . — :black | :yellow | :red | :green | --.
(clause-list) — primitive | (clause) (clause-list) | (empty)
(clause) — (require-clause) | (allow-clause) | (eval-clause)

| (bind-clause) | (free-set-clause) | (ignore-clause)
| (test-clause) | (ordered-clause) | (pairwise-clause)
| (if-clause) | (forbid-clause) | (and-nothing-else-clause)

(require-clause) —— (require (var) (model-or-list))
(allow-clause) — (allow (var) (model-or-list))
(eval-clause) — (eval (any-Lisp-form))
(bind-clause) — (bind (var) (any-Lisp-form))
(free-set-clause)  — (free-set (any-Lisp-form))
(ignore-clause) — (ignore (Lisp-single-arg-predicate))
(test-clause) — (test (any-Lisp-form))

(ordered-clause)  — (ordered (Lisp-two-arg-predicate) (model-list))
(pairwise-clause) — (pairwise (Lisp-two-arg-predicate) (model-list))
(if-clause) ~— (if (any-Lisp-form) (clause))
(forbid-clause) — (forbid (any-Lisp-form))
{(and-nothing-else) —— (and-nothing-else)

(var) — (any-Lisp-symbol)
(model-list) —— (model) (model-list) | (empty)
(model-or-list) ~— (model) (or) (model-or-list) | (empty)
(or) — or | (empty)

’

Figure 4: BNF Definition of Matching Language
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no match is possible for a particular binding. that binding is removed from
the current binding list. Thus. this clause has both generating and pruning
characteristics. It is classified as a generating clause. however. since it has
overwhelming generating potential. In fact. it is recommended that this
clause be used only when the binding list and free-set list have been pruned
as much as possible to minimize the computational complexity associated

with its usage.

Allow

The allow clause 1s 1dentical to the require clause, except that It does not
prune any current bindings which fail to produce a match. Furthermore. this
clause carries forward all current bindings as theyv were before this clause was
evaluated. Because of these two characteristies. this clause is exclusively a
generating clause. and its generating potential exceeds that of the require
clause. It thus should be used. as the require clause. only when the binding
list and free-set list have been pruned as much as possible.

Bind

The bind clause is use to bind the results of a LISP form to a symbol. In
essence. this operation defines a local variable for use in the matching process.
Since. the LISP form can refer to variables that are bound to unique values for
each binding in the current binding list, this operation adds a new binding to
each binding on the current binding list. This operation is extremely useful
when calculating local results that will be used over and over again.

Test

The test clause is used to make sure that bindings meet certain requirements.
For each binding in the current binding list, this operation substitutes the
values associated with the local variables into the LisSP form. The resulting
Lisp form is then evaluated. If the evaluation is false. then the binding is
removed from the current bindiug list. Otherwise, the binding passes the test.
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and remains on the list. This operation provides the mechanism for assuring
that model-attribute and model-relationship requirements are satisfied.

Ordered

The ordered clause is an extended version of the test clause. in that 1t per-
forms several tests. For each binding in the current binding list. this oper-
ation first creates local bindings for the symbols on the model list. If any
of the symbols remain unbound. they are removed. Then the values of the
remaining first and second symbols are applied to the two-argument predi-
cate. If the result is false, the binding is removed from the current binding
list. Otherwise. the values of the second and third remaining symbols are
applied to the predicate. Again. if the result is false. the binding is removed.
This process is then continued until 1t exhausts the ordered svmbul values.
Potentially. the length of the remaining symbol list minus one application of
the predicate can result from this operation. If the results of all these appli-
cations is true. then the binding remains a match candidate of the current
binding list.

Pairwise

The pairwise clause is an extension of the ordered clause, in that it performs
additional tests. For each binding in the current binding list, this operation
first creates local bindings for the symbols on the model list. If any of the
symbols remain unbound, they are removed. Then the values of the remain-
ing first and second symbols are applied to the two-argument predicate. If
the result is false. the binding is removed from the current binding list. Oth-
erwise, the values of the first and third remaining symbols are applied to the
predicate. Again. if the result is false. the binding is removed. This process
is then continued until it exhausts the pairwise symbol values. The number
of pairwise combinations that exist in the remaining symbol list corresponds
to the number of potential applications of the predicate can result from this
operation. If the results of all these applications is true. then the binding
remains a match candidate of the current binding list.
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And-Nothing-Else

The and-nothing-eise clause 1s used to test the free-set to make sure that
everything is accounted. For each binding in the current binding list. this
operation checks to see if the free-set list is empty. If it is not. then the
binding is removed from the current binding list. If it 1s. then the binding
remains a match candidate on the current binding list.

Free-Set-Operator Clauses

The free-set-operator clauses provide a mechanism for accessing the free-set.
Three clauses fall into this class: and-nothing-else. free-set. and ignore. The
and-nothing-else clause was described above as a binding-operator clause. It
can also be thought of as a free-set operator because it bases its action on
the state of the free-set. However. its overwhelming characteristic is to affect
the current binding list. and because of this it 1s best thought of as a binding
operator. The other two clauses are strictly free-set operators. since they
have no effect on the binding list.

Free-Set

The free-set clause is used to update the free-set associated with each binding
of the current binding list. For each binding. this operation substitutes the
values associated with the local variables into the Lisp form. The free-set
associated with the binding is also substituted for the symbol: free-set. The
resulting LISP form is then evaluated. and the resultant value becomes the
new free-set associated with the binding. This operation can either add or
subtract entries in the free-set. It is useful when significant changes in the
free-set are required during the matching operation.

Ignore

The ignore clause is used to prune the free-set associated with each binding
of the current binding list. This operation applies each element of the free-set
associated with a particular binding to a specified single-argument predicate
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function. If the result is false. the element is removed from the free-set. If
1s true, it remains on the free-set. This clause is especially useful in pruning
down large free-sets after some initial evaluation. This. in turn. results in
significant computational savings.

Side-Effect-Operator Clauses

The side-effect-operator clausé provides a mechanism for evaluating proce-
dures that generate side effects. e.g. outputting graphical displays. Only one
clause falls into this class, the eval clause. This single clause. however, is very
powerful, since it enables the matcher to communicate with its environment.

Eval

The eval clause is used to generate side effects. For each binding, this op-
eration substitutes the values associated with the local variables into the
Lisp form. The resulting LISP form is then evaluated. It has no affect on
either the current binding list or the corresponding free-sets. This clause 1s
especially useful in communicating with the LISP environment.

Control-Operator Clauses

The control-operator clauses provide a mechanism for directing the flow of
contro!l through the matching process. Two clauses fall into this class, forbid
and if. These clauses allow the matcher to recognize when no match is
possible and when certain operations should be performed.

Forbid

The forbid clause is used to abort the current match process. This operation
applies each element of the free-set associated with a particular binding to a
specified single-argument predicate function. If the result of any application
is true, the matching operation is aborted immediately. This operation is
especially useful for doing a scan of the free-set to see if something exists
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that would make a match impossible. When such an occurrence exists. there
1s simply no reason to expend any further effort in trving to coerce a match.
it cannot be done.

If

The if clause is used to determine whether certain clauses should be used
in the matching process. For each binding, this operation substitutes the
values associated with the local variables into the LISP form. The resulting
Lisp form is then evaluated. If the resulting value is true, then the condi-
tional clause is evoked on the current binding. This conditional clause then
determines the final state of the binding. If the resulting value is false. the
binding is unaffected. This clause is especially useful making sure that all
the preconditious for the conditional clause are satisfied.

The digit models are developed in the model-matching language just
described. The process begins by carefully analyzing the feature qualities
associated with digits or digit components. This analysis results in an un-
derstanding of how features can be used to describe a particular numeric
character. This description includes existence of particular features. measur-
able attributes for the resulting features and spatial relationships between
those features. This description builds upon components of the state-labeled
feature maps and the composite symbolic feature map created from the first
two processing phases. The ordering of the model clauses also determine the
efficiency of the resulting matching process.

2.4 Prototype ZIP Code System

A prototype ZIP Code recognition system was developed under Phase I of
the Advanced Research in Recognition of Handwritten Address ZIP Codes.
This system provides a first-cut implementation of an end-to-end system for
recognizing ZIP Codes. It was developed on the testbed described above.
This prototype system serves several purposes. It provides a tool for evolv-
ing specifications for a robust ZIP Code recognition system. It provides a
framework for exploring the interaction between each of the system phases.
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It also provides a mechanism for extending system performance through in-
cremental testing, evaluating. and refining. This system thus becomes an
integral part in the overall rapid prototyping and iterative refinement re-
search methodology.

The prototype system goes through several processing phases. In the first
phase. the initial. grey-level image is transformed into a binary image. Next.
the last address line is extracted from the the binary image. The resultant
last line image is then segmented into characters and/or symbols. Features
are then generated for these characters. The resultant state-labeled feature
map is then segmented to produce a composite symbolic feature map. Digit
models are then matched to portions of this map. The resultant identified
digits are then assembled into a five-digit ZIP Code. Each of these processing
steps 1s described in detail below.

2.4.1 Binary Image Generation

The first processing phase in the prototype system transforms the initial.
raw. grev-level image into a two-valued. binary image. A simple threshold-
ing approach was implemented on the ERIM Cytocomputer to accomplish
this task. Under this approach, limited testing of sample input images was
performed to determine an appropriate threshold or cutoff value to use in
separating the background of the address block from the stroke. This value
was then used to implement the Cyto thresholding algorithm. Within this
algorithm. morphological operations were used to sort pixels in the initial.
input image into those belonging to the stroke and those belonging to the
background. Those values that were below the selected threshold value were
classified as belonging to the background by determining whether the pixel
value was above or below the selected threshold. The input to this Cyto
algorithm is an image from the SUNY Buffalo address block data set. The
output is an image in which the character strokes of the address block has
one value and the background has another value.
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2.4.2 Last Line Extraction

Next. the prototype recognition system locates the last line in the binary
image. As a first attempt at this portion of the overall recognition process.
a histogramming approach was implemented on the ERIM Cytocomputer.
Figure 6 shows a pictorial representation of the resulting algorithm. As seen
in the figure. this approach begins by migrating the stroke pixels in the binary
image in a leftward direction to create a histogram. The height of each entry
in this histogram indicates the number of pixels located on each horizontal
raster line of the binary image. Once the histogram is computed, it is sliced
by removing a fixed number of pixels from each line. Any small gaps in the
resulting sliced histogram are then removed to produce line locations within
the image. The last such line is finally windowed and placed into a last line
image.

2.4.3 Character Segmentation

Individual characters within the binary last line image are then identified.
A histogramming approach similar to the one used in last line extraction
was implemented on the ERIM Cytocomputer. Figure 7 shows a pictorial
representation of the resulting algorithm. As seen in this figure, the approach
begins by migrating the stroke pixels in the last line image in a downward
direction to create the histogram. In this histogram, the height of each entry
indicates the number of pixels in location on each vertical raster line of the
last line image. As before, small gaps are removed from this histogram to
produce estimated character locations within the last line. These estimates
are then used to produce a last line image in which the individual characters
are isolated and windowed.

2.4.4 Feature Generation

The segmented last line image is next processed to produce a state-labeled
image. A concavity approach was implemented on the ERIM Cytocomputer
for demorstration in the prototype system. Figure 8 shows a pictorial repre-
sentation of the resulting features. As seen in this figure. six unique features
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are developed in this process: north-cavities. south cavities. east-cavities.
west-cavities, center-cavities. and holes. The north-cavities are defined as
contiguous sets of pixels in the image that would not hit a stroke if moved
vertically in a northward (upward) direction but would hit a stroke if moved
in a vertically southward (downward), horizontally eastward (right). and
horizontaily westward (left) direction. The south-cavities. east-cavities. and
west-cavities are similarly defined. The holes are defined as contiguous sets
of pixels in the image that are completely encircled by stroke pixels. The
center-cavities are defined as contiguous sets of pixels in the image that are
not holes but from which any of the four movements would hit a stroke.
These features are represented in the state-labeled image that results from
this processing phase as tagged pixels in which each grey-level value corre-
sponds to a particular feature. Figure 9 shows a pictorial representation of
the features that would result for various representations of digit six.

2.4.5 Feature Segmentation

The features are then extracted from the state-labeled image and placed into
a composite symbolic map. A segmenter was implemented on the Symbolics
LisP machine in ZetaLISP to perform this task. An overview of the function-
ality of the segmenter is graphically represented in Figure 10. In this figure.
a state-labeled image for a typical six is segmented into its various feature
components: strokes and cavities. The segmentation process is straightfor-
ward. First. the state-labeled feature image is scanned from top to bottem
and left to right to locate simply connected components of contiguous pixels
with the same state or grey value. Next. the same state, simply connected
components which touch are assembled into more complex components. Fi-
nally. the same-state, connected components are identified and placed into
the composite map as objects with specified run-length regions.

2.4.6 Model Matching

The digits are next identified in the composite map by matching models to
the extracted features. Two major efforts were performed to implement this
capability in the prototype system: a model matcher was implemented and
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initial digit models were developed.

The model matcher was developed on the Symbolics LISP machine in
ZetaLIsP. It implements the testbed model matching language described
above. As depicted in Figure 11 the match operates like a large sieve to
filter out match candidates. An overview of the matching process for a
tvpical six characterization is illustrated in Figure 12. In this figure matching
is represented in a graphical form. Within the graph the undirected edges
(no arrows) represent logical components. Thus, a six is made up of a top,
a bottom. and in some instances an extra part. The solid directed edges
(arrows) in the graph represent actual matching of the logical component to
a feature in the composite map. Thus. the six bottom must match either
a center cavity or a hole. Also seen in the figure are relations and tests
that constrain the match. These components of the matching process test
individual feature attributes and spatial relationships between features that
must exist in a successful match. The figure also illustrates the hierarchical
nature of the matcher which enables building complex models from simpler
models. Thus. in the case of the six. a top submodel can be developed and
used to build the six model.

The initial digit models were developed in the model matching language.
Figure 13 shows an example of a fully developed six model. All the models
developed in this phase were based on the cavity features described above.
These features were used to build concavity modele, zorplexes ¢f touch-
ing cavities. The concavity and cavity models were then collectively used
to develop digit models for each of the ten digits. Additional digit models
were developed for the digits that had more that one characteristic repre-
sentation. For example, several different models were developed for the digit
two, including the loop-two model, the non-loop-two model, and the lazy-
two model. Each represents a different morphology of the two concept. and
as such is explicitly modeled. Throughout the development of the models.
sample images were used to identify new digit models and to test matching
performance.

34




Figure 11

MATCH

MA‘\'CH\NG PROCESS

35

Allow Z



S TN TS G B B BN O BN OE D BN B S B N BN B =
x1S nbig buiyoreyy -z aanbig

Ayine2-19)ua9 Anaeos-yinos Aiined-)sea

A

(v1ed-2 j1ed-o jo-10qybiau-)sea)
(v1ed-2 yied-s jo-10qybiau-yinos)
(vied-a ued-s  10) lied-o 11ed-9  yied-s
Avineo-191Ud9 ajoy Aj1av2-19)1u39 >:>awﬂoo-mm
b
vIIX93 wojloq do)

(wonog esnxa depano-jeiuoziioy)
(enxa doy depano-jejuozyioy)
(wonoq enxa jo-yyuou-Aue)
(v1ed-s-doy eayxa jo-10qybyjau-yinos)
(doy wotioq jo-yinos-Aue)




(detmodel six

l (:coior :orange)

(ignore small-ones)
' (require window digit-feature)

(require character stroke)

(allow character2 stroke)
' (forbid character2)

(require top se-concavity)

(require bottom center-cavity or hole)
l (test (any-south-of bottom top)

(allow extra center-cavity)
' (bind top-s-part (sub-part top 'ss-part))

(it (and extra top-s-part)

(test (south-neighbor-ot extra top-s-part)))

I (ordered any-north-of extra bottom)

(pairwise horizontal-overlap top extra bottom)
(and-nothing-eise))

(defmodel se-concavity
()
(allow s-part east-cavity)
(allow c-part center-cavity)
(allow e-part south-cavity)
(test (or s-part e-part))
(ordered south-neighbor-aot s-part c-part)

i
1
i
i
l (ordered east-neighbor-of e-part c-part))
)
i
1
i

Figure 13. Typical Digit Model
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2.4.7 ZIP Code Assembly

Finally. the results of the matching process is used to determine the ZIP Code.
Again. a simple approach was implemented. This approach is summarized in
Figure 14. As seen in this figure, the digit matcher is run on all hypothesized
digit regions. The results of this matching are then merged to assemble the
ZIP Code. If five-digit regions possess the spatial qualities of a legal ZIP
Code and if each of the five regions match a single digit model, then the five
digits, are assembled into.a ZIP Code. If all five digits were not identified
by the matcher. then the results of the matcher are reported. No further
attempt is currently made, however. to assemble the ZIP Code from the
partial matching data plus additional contextual information.

2.5 Discussion of Results

The Phase I activities in Advanced Research in Recognition of Handwrit-
ten Address ZIP Codes have been very fruitful. As discussed above. it has
produced four major outcomes: the OCR literature review, the handwritten
address digitized image data base, the hardware and software testbed for in-
vestigating the recognition of handwritten addresses, and the prototype ZIP
Code recognition system. These four components create a solid foundation
upon which our future research in this area can be conducted in an efficient
and effective manner.

The OCR literature review has produced significant insight into past ap-
proaches to character recognition. This insight has already played a major
role in formulating the overall approach to this problem. Several different
approaches have been made to selected portions of the problem in the past.
Many of these approaches were seemingly successful, but none were con-
ducted in the context of an end-to-end system. Because of this. Phase I
researchers decided to develop a testbed concept that would allow rapid de-
velopment and continued refinement of a prototype ZIP Code recognition sys-
tem. This concept thus allows continued integration of different approaches
to various aspects of the recognition problem. including techniques which
may be developed by other USPS contractors.

The handwritten address digitized image data base contains over 800
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diverse address images and continues to grow. SUNY at Buffalo has provided
a great majority of the digitized images. Their address sources include the
USPS main office. local post offices, and and USPS OCR contractors. This
data base has facilitated the construction and initial testing of the end-to-end
ZIP Code reading system. Numeral models have been generated and refined
using the ZIP Codes contained in this data base. Using the methodology
developed for this project. the models can be quickly and easily evolved as
the data base becomes larger. This supports a form of digit learning where
the acquired knowledge is complete and precisely describable and rigorous.

A hardware and software testbed was designed and implemented. It con-
sists of both hardware and software components. Featured within the testbed
are an ERIM Cytocomputer and a Symbolics LISP machine. These special-
1zed computers provide the computational pixel and symbolic throughput
required to effectively develop and test recognition algorithms. Residing in
these computers are several layvers of software designed to minimize the effort
required in developing vision algorithms. Together the hardware and soft-
ware components of the testbed create a powerful development environment
for exploring solutions to ZIP Code recognition.

An end-to-end prototype ZIP Code recognition system was developed.
This prototype consists of several processing phases: binary image genera-
tion. last line extraction. character segmentation. feature generation. feature
segmentation. model matching, and ZIP Code assembly. An initial solution
to each processing phase was developed within this prototype system. Some
of these solutions are recognized as simplistic. However. their implemen-
tation enables focused refinement of a complete recognition system. The
software as of Phase I completion is included in Appendices A and B.

These four Phase I outcomes establish a solid foundation of Phase II re-
search. The OCR literature review provides significant insight into steering
the research effort in directions that promise the most success. The image
data base provides the mechanism for testing and evaluating potential prob-
lem solutions. The address understanding testbed enables future work to be
focused on problem solutions with minimal effort expended on implementa-
tion issues. The end-to-end prototype system establishes a baseline system
in which each phase of the overall ZIP Code recognition process can be evalu-
ated and further developed. Together these Phase I outcomes form the basis
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for accelerated Phase II research.

3 Phase II Overview

N Phase II of the Advanced Research in Recognition of Handwritten Ad-

dress ZIP Codes the performance capabilities of the prototype Phase I
system will be extended. An overview of the methodology that will be used
during this phase is seen in Figure 15. As seen in the figure, this methodology
1s iterative in nature. The OCR literature review, the handwritten address
image data base. and the testbed will all play an integral part in this pro-
cess. The literature review will serve to generate and evaluate new research
ideas. Selected ideas will then be rapidly developed and integrated into the
prototype svstem using the powerful tools within testbed environment. The
performance of the extended system will then be evaluated on images from
the handwritten image data base. The results of this evaluation will then be
used to focus the next iteration of refinement.

3.1 Technical Approach

The testbed described above is used in Phase II to refine the prototype ZIP
Code recognition system. In Phase I the hardware and software address
recognition testbed was constructed. In Phase II this testbed will be used to
explore intricacies and develop solutions. An iterative refinement method-
ology will be used in this process. Under this methodology, a set of test
images will be processed through the current version of the prototype ZIP
Code recognition svstem. This processing will produce performance data
which can then be analyzed and used to focus subsequent research direc-
tions. By using this methodology, the Phase II research can be focused on
areas that show most promise in upgrading the overall system performance.
Thus, the research can be directed in such a way as to produce optimal
results.

Several research directions are already known to be prime candidates
for exploration in this phase of the research. Included in the list of topics
that are known to require further attention are generating binary images,
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extracting slanted address lines. segmenting touching digits, windowing dig-
its with overlapping bounding boxes, refining and expanding digit models,
adding last line data base information into ZIP Code assembly, and adding
context information into ZIP Code hypotheses formulation. Approaches are
currently being developed to address these problems. Additional issues are
also expected to arise throughout this research phase. Once identified. these
issues will be analyzed and prioritized based the expected return on expended
effort.

It 1s anticipated that each processing phase of the prototype system will
be significantly enhanced during Phase II. Much of the anticipated work is
outlined in the short subsections that follow. Although this work is described
in some detail, it does not include all of the anticipated Phase II activities.
since new activities are expected to arise as continued software development
provides insight into advanced recognition system requirements. This is the
nature of research and development of this kind.

3.1.1 Binary Image Generation

During Phase II this processing phase will be enhanced by developing new
techniques to handle images with textured envelopes and broken characters.

The current prototype solution performs adequately on most images. It
does not. however, perform well on images with textured backgrounds. Sev-
eral techniques exist in the computer vision literature for identifving textured
surfaces. These techniques will be explored and evaluated for performance
on this problem. Several experiments will be conducted. and the best re-
sulting technique will be integrated into the final system. One candidate
technique that appears very promising is to identify and remove very short
disconnected line segments from the image. An initial view of the test images
suggests that this simple technique may eliminate much of this problem.

The current prototype solution also creates a significant number of broken
characters. Some of these characters are broken because they are written
with two disconnected strokes. The five with a flying top in a prime example.
These problems must be modeled and identified by the matcher. Other
characters, however, are broken because of the difference in intensity within
the stroke. Initial review of these test data shows that looped two's are
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prime examples of this phenomenon. This is apparently caused by the fact
that one must decelerate the writing instrument o go around the loop, thus
creating a different intensity. This change in intensity is magnified when part
of the stroke is eliminated during thresholding. This will be a problem for
any simpleminded approach to creating the binary image. Further analysis
of this problem is required during Phase II.

3.1.2 Last Line Extraction

During Phase II this processing phase will be enhanced by developing new
techniques to handle slanted address lines. The current prototype histogram-
ming technique fails on address blocks with slanted lines. Several possible
solutions to this problem are technically feasible. One technique that offers
much promise is model matching. Under this approach a ZIP block model
will be developed to locate regions on the address block that seem to possess
ZIP Code spatial qualities. This approach will be implemented and tested
early on in Phase II.

3.1.3 Character Segmentation

During Phase II this processing phase will be enhanced by developing new
techniques for isolating touching and intersecting ZIP Code characters. The
current prototype solution performs well on segmenting characters that have
no bounding box overlap. It also works well on segmenting touching char-
acters that are simply connected by a single stroke. Unfortunately. there
are numerous other cases in which this approach does not work well. Ap-
proaches to segmenting touching characters have been presented in the liter-
ature. These approaches appear to have some promise, although they are far
from offering a comprehensive soiution. Experiments on these approaches
will be conducted, and application specific enhancements will be explored.
From this work, one technique will be selected for integration into the final
system.




3.1.4 Feature Generation

During Phase II feature generation will be enhanced. The current prototype
solution incorporates only cavity features even though skeleton and endpoint
features are computed by the Cytocomputer. Although concavity features
appear to be very powerful. they are limited in what they can represent. At
present. it appears that character recognition rates between 70 and 90 per-
cent are possible with these features. Higher recognition rates. however. will
require incorporation of the additional features which provide specific infor-
mation about the character stroke. Because of the flexibility built into the
testbed. this implemertation will be fairly straightforward. thus facilitating
online development through experimentation.

3.1.5 Feature Segmentation

There are no current plans to modify the prototype feature segmentation
algorithm. However, it is possible that modifications may be necessary if
data structures other than currently supported run-length regions become
computationally desirable.

3.1.6 Model Matching

There will be significant modifications to the digit models during this project
phase. The current prototype models perform as expected, and produce
character recognition rates between 70 and 90 percent. They are however.
extremely limited in some areas. Additional features will be developed to
resolve these limitations. These features will then be incorporated into the
digit models. Throughout Phase II, this aspect of the the overall system
is expected to focus the overall research directions. During this process.
the test images will play an important role in surfacing research issues and
measuring performance.
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3.1.7 ZIP Code Assembiy

There will be several enhancements to ZIP Code assembly during Phase II of
this project. The current prototype solution is simplistic in nature. It only
looks for five-digit character sequences. It does not check the last line data
base to see if a proposed ZIP Code exists. It does not use the last line data
base to resolve missing information. It does not use additional contextual
address block information to augment the digit matching process. These
limitations will be addressed during this phase of the project. Solutions to
the first two areas are fairly straightforward. and will be implemented in the
obvious manner. The last area, however, will require significant thought and
etfort to identify techniques for reliably locating and identifying contextual
sources of information. The methodoiogy that will be emploved here will
be to study the content of the address block to identify areas of possible
explottation. Promising areas will then be analyzed from an image processing
perspective to determine the reliability of required feature extraction. Those
areas that look most promising will then be implemented and evaluated for
performance on actual data.

3.2 Management Plan

It 1s expected that Phase II will be a continue the work of Phase I. The
current research team will remain intact and will continue to work full time
on this project.
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4 Conciusions

WO major topics in Advanced Research in Recognition of Handwritten
Address ZIP Codes have been discussed in this report. Thne first dis-
cusses the work performed under Phase I of this effort in which four subjects
were explored. These subjects are a review of the optical character recogni-
tion literature. the development of the address block image data base. the
development of a testbed for developing computer vision solutions to address
block understanding, and the development of a prototype ZIP Code recogni-
tion syvstem. The second major topic describes the planned Phase II activities
under this project. Under this topic a technical approach and management
plan was outlined that proposed continued iterative refinement of the pro-
totype svstem as the major Phase II activity. The research team feels that
there is still much work that needs to be done on this problem. They also
feel that the approach that has been developed will prove to be significant
and will result in a positive research outcome.
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Appendix A
Digit Models
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Appendix B

Feature Extraction
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_HSCOO0O0SDUAL: [OCR.AMG.SYS] XCAVELINE.DEF; 5 6—-APR-1987 10:05 Page 1

;** = xcaveline in - process from raw image to caves of last line
; in = input filename or number

procedure(in)

; global variable cave receives final result
gdeclare cave

; get the image and process to binary image
xgetbin in

; get the last line in a fixed image size
xgetfixedline

; seperate the characters on the last line
Xseparate

; detect features in the separated characters
Xprocseps

; get the result from global variable cave
copy cave

endprocedure




_HSCOOOSDUAL: [OCR.AMG.SYS] XGETBIN.DEF; 6 7-APR-1987 11:02 Page 1

;** xgetbin im slice - get and slice an image -> bin (global)
; im - input filename or number

; slice - threshold

procedure (im, slice)

gray

setdef 15->slice ; default threshold = 15

gdeclare bin i global variable to get binary image result
declare code i variable to hold stage programs

declare temp ; temporary image storage

; get the raw image from disk

unsave im

; save it in temp

copy ~>temp

gdeclare raw

copy ->raw

; estimate background level by closing raw by a cylendar of radius 20
loadcede 'closecyl20.noc' -> code

apply code

empty -> code

i subtract raw image from the background image
diffimages active temp =-> active

; threshold giving fg (strokes) state S5, and backgroung state 0
gdeclare diffimg

copy ~> diffimg

slice 0 slice 0 5

color

; get rid of long horizontal things

spanv 0 S 2 110 40 ->,code

spanv S 2 5 110 40 ->,ccde

cover 5 Q0 ->,code

cover 2 5 ->,code

apply code

i save binary image in global variable bin
copy =->bin

endprocedure
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_HSCOO0O0SDUAL: [OCR.AMG.SYS]XGETFIXEDLINE.DEF;1 1-APR-1987 13:29 Page 1
;** xgetfixedline - get last line of address block in fixed image size
; assumes binary image with fg=5 bg=0
procedure(wheight,wwidth)
setdef 50->wheight ; default image height = SO
setdef 400->wwidth ; default image width = 400
declare ltop,lbot,lheight,extra, temp,left
gdeclare line,elw,eheight,ewidth, top,bot
; save image in temp
copy —>temp
; migrate pixels left to form accumuliated width histogram
migleft
gdeclare lhist
copy —=> lhist
; call lastline to find top and bottom of last line
xlastline 30->ltop,lbot
; compute fixed size window placement sa as not to go off image
lheight:=lbot-1ltop
extra:=(wheight-lheight)/2
if (extra>Q)

ltop:=ltop—-extra
endif
if (ltop>imglen-wheight)

ltop:=imglen-wheight
endif
eheight:=wheight ; global variable eheight = window height (will be used
ewidth:=wwidth
top:=ltop
bot:=ltop+eheight
left:=imgwid-wwidth
; define the extended line window
window wheight wwidth top left -> elw
; get the binary image back
ccpy temp
; copy the last line window to global variable line ,
copy elw=>line
; make the line image currently active ’
copy line
endprocedure
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_HSCOO0SDUAL: [OCR.AMG.SYS] XLASTLINE.DEF;1 1-APR-1987 13:34 Page .

;*=* xlastline slop - find last line given "histogram” image
; slop - the amount to go from the left edge before cutting lines apar=
procedure(slop)-> top,bot

; span in from left edge of "histogram" turning to state 2
spanv 0 5 2 10 slop

gdeclare lcut

copy —>lcut

; remove the leftmost part

cover 2 0

; span back toward right making fixed height boxes in state 2
spanv 5 0 2 100 slop+l

gdeclare lbox

cdpy ->lbox

; remove the rightmost parts of the histogram

cover 5 0

; merge lines which are very close together

spanv 2 0 2 2002 3

spanv 0 2 0 2002 3

gdeclare lmerge

copy =>lmerge

; eliminate leftover short lines

spanv 0 2 0 2002 3

spanv 2 0 2 2002 3

gdeclare lprune

copy->lprune

; make a very narrow window to speed up pixel scanning
declare 1w

window imglen 1 1 1 -> 1w

activate 1w

; intro to loop to find top and bottom of each line in image
declare oldtop pix
iscan 2 2 1 1 -> top pix ; this finds the top of the first line

; loop finding top and bottom of aech successive line
repeat

oldtop:=top

iscan 0 0 top pix -> bot pix

iscan 2 2 bot pix -> top pix

until (top=0)

; now we have top and bot values
top:=oldtop

; reactivate the binary image
activate scratch

endprocedure
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_HSCOO0QSDUAL: [CCR.AMG.SYS]XSEPERATE.DEF;1 27-MAY-1987 10:53 Page 1

;** - xseperate slop - seperate a line of text into single chars
; slop - helght at which to cut histogram to seperate characters
procedure(slop)

setdef 4->slop ; default slop value = 4

gdeclare eheight, seps

declare temp,code,trim,wind

trim:=10

; save the current image
copy -> temp
; migrate pixels down to from accumulated height "histogram”
migdown
gdeclare dhist
copy =->dhist
; span up frcocm bottom amount slop turning to atate 2
spanv 0 S 2 2000 slop
gdeclare dcut
copy =->dcut
; remove bottom part of histogram
cover 2 0
; extend the remaining histogram to be full window in height
spanv 5 0 5 2002 eheight
gdeclare dbox
copy ->dbox
; mark windows narrcw encugh to merge in state 4
spanv 0 5 4 110 4
spanv S 4 5 110 4
gdeclare dnarrow
cepy ->dnarrow
; find narrow gaps with narrow windows on either side - state 2
spanv 4 0 3 10 5
spanv 4 3 2 100 5
; return wider gaps to state 0
cover 3 0
; turn narrow windows back to state S
cover 4 5
; now turn all windows to state 2 (narrow gaps are already in state 2)
cover 5 2 _ .
gdeclare dmerge
copy ->dmerge
; make a non-zero background state to do skeletonizing
cover 0 1
i skeletonize background thus extending windows without merging them
skelrec8 1 2 3 off off
; retrun weindows to full height (lost in skeletonization)
spanv 1 2 1 2002 5
¢ return background to state 0
cover 1 0
gdeclare dthick
copy ->dthick
; add the original binary last line to windows image
addimages temp
gdeclare dchars
copy ->dchars
/; how we have characters in windows but they extend beyond windows someti
; remove strokes which fall outside windows
cover S O
gdeclare wspill :
6




_HSCOOOSDUAL: [OCR.AMG.SYS]XSEPERATE.DEF;1 27-MAY-1987 10:53

copy ->wspill

; remove small strokes which touch borders of windows
spanr 0 7 1 trim

gdeclare wpoke

copy -—>wpcke

spanr 7 1 7 (2<trim)

cover 1 2

gdeclare wtrim

copy = >wtrim

Page 2

; trim all strokes to be al least 1 pixel away from the window's edge

spanr 0 7 2 1

cover 2 8

;remove windows which have no strokes in them
spanr 7 8 1 100

cover 8 O

cover 1 8 ,

; copy the result to global variable seps
copy —>seps

endprocedure

66




_HSCOOOSDUAL: [OCR.AMG.SYS]) XPROCSEPS.DEF, 1 1-APR-1987 14:00

;** - xprocseps - process seps image for ocr
; assume stroke=7 window=8 border=0
procedure(tl,np)

setdef 2 -> tl ; default trim—-length 2
setdef 2 -> np ; default number of passes 2
gdeclare skel cave

; eliminate very small (single 2112) fg things
spanv 8 7 5 2112 1

spanr 7 5 7 30

cover 5 8

gdeclare wclean

copy ->wclean

; eliminate small bumps on fg objects
tranbx 7 7 8 7

; skeletonize the fg

skelrec4 7 3 1

skelrec8 7 3 10

cover 3 8

gdeclare wskel

copy ->wskel -
; trim skeletons using the simplify function (assumes fg=2)
cover 7 2

markboth 2 3 4

gdeclare wmark

copy ->wmark

cover 3 2

cover 4 2

simplify tl np

; mark endpoints=3 and junctions=4

markboth 2 3 4

copy ~>skel

; return fg to 7

cover 2 7

cover 3 7

cover 4 7

; thicken and 4-way skeletonize (this

tranbx 7 8 7 2100 1 off

tranbx 7 8 7 2010 1 off

skelrecd 7 8 2

gdeclare thickskel

copy ->thickskel

; detect concavities using the caves function
xcaves

; leave result in global variable cave

copy ->cave

endprocedure
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_HSCOO00SDUAL: [OCR.AMG.WORK]MARKBOTH.DEF'; 5

;*=—- markboth fg ends juncs - mark endpoints and junctions in diff

procedure( £fg,ends, juncs)
declare cache

tranbx fg fg
tranbx fg fg
tranbx fg fg
tranbx fg fg
tranbx fg fg

copy ->cache
cover ends fg

ends
ends
ends
ends
ends

N WO

markpoints fg juncs
pixelselect whereever

endprocedure

el ol el

on
on
on
on
on

({cache=endsy ends

W R

or
or
or
or
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_HSCOOO0SDUAL: [OCR.AMG.WORK] SIMPLIFY.DEF; 7

;** - simplify - simplify 8-way connected skeletons
; assumes fg=2 bg=8

procedure(trim_length, npasses)

setdef 3 -> trim_length

setdef 4 -> npasses

declare fg bg endpoint jpeint temp i scode

fg:=2
bg:=8
endpoint:=3
jpoint: =4
temp:=5
spanr endpoint fg temp trim_length ->,scode
spanr fg temp fg (trim_length+2) ->,scode
spanr temp endpoint temp 2 ->,scode
cover temp bg ->,scode
spanr jpoint endpoint bg 2 ->,scode
cover endpoint fg ->,scode
cover jpoint fg ->,scode
skelrec8 fg bg 3 ->,scode
for i 1 npasses
markboth fg endpcint jpoint
apply scode
endfor
endprocedure
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_HSCOOOSDUAL: [OCR.AMG.SYS] XCAVES.DEF;1 1-APR-1987 14:06 Page 1
i** — Xcaves = set up colors and call cavities to mark n s e w... caviti
; assume stroke=7 window=8 border=0

; return stroke=240 window=Q border=l0
; n=l e=2 s=3 w=4 c=7 hole=6(orange)
procedure

declare code

cover 0 64 ->,code

cover 8 0 ->,code

cover 7 128 ->,code

apply code

cavities

empty ->code

cover 128 240

cover 5 7

cover 64 10

gdeclare wcave

ccpy —>wcave

spanv 0 7 orange 2112 30 ->,code

spanv 1 7 orange 2112 30 =->,code

spanv 2 7 orange 2112 30 ->,ccde

spanv 3 7 orange 2112 30 =->,code

spanv 4 7 orange 2112 30 ->,code

exch 7 orange ->,code

apply code

endpraocedures
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_HSCOO0O0$DUAL: [OCR.AMG.SYS]CAVITIES.DEF;S 11-MAY-1987 17:58 Page 1

;** - cavities - mark concavities in numerals

; assume stroke=128 window=(0 border=64

; D=1 e=2 s=3 w=4 c=5 (to view cover 5 130, cover 128 200)
procedure

gdeclare cavecode, cavecodeswitch

declare size

size:=100

setdef FALSE -> cavecodeswitch

if ( cavecodeswitch <> TRUE) ; if cavecocde does not already exist, make
cavecodeswitch := TRUE

spanv 128 0 1 2000 size =->,caveccde ; Span up in lowest bit plane
bitdisab 0

spanv 128 0 2 10 size =->,cavecocde ; span right in next plane

bitdisab 0,1 .

spanv 128 0 4 2 size ->,cavecode ; span down in next plane

bitdisab 0,1,2

spanv 128 0 8 100 size ->,cavecode ; span left in final bitplane
bitmask 255

; using covers reduce the 16 state cavities to just 1,2,3,4,and ~7
; for n,e,s,w and center cavities

cover 1 0 ->,cavecode
_cover 2 0 ->,caveccde
cover 3 0 =->,caveccde
cover 4 0 —->,cavecode
cover 5 0 ->,cavecode
cover 6 0 ->,cavecode
cover 8 0 ->,cavecode
cover 9 0 ->,cavecode

cover 10 0 ->,cavecode
cover 12 0 ->,caveccde
cover 1l 1 ->,cavecode
cover 7 2 =>,cavecode

cover 14 3 ->,cavecode
cover 13 4 ->,cavecode
cover 15 S5 ->,cavecode

endif
apply cavecode 1 ; apply caveccde to mark cavities

endprocedure




-HSCOO0QSDUAL: (OCR.AMG. TOOLS|HMIGRATE.DEF;3 27-MAY-1987 11:09

i*> hmigrate fore,passes,in - horizontal migration
i note: fore cannot be 0 (zero)
procedure (fore,passes,inimage ) -> ocutimage

setdef ACTIVE -> inimage

setret ACTIVE -> outimage

declare nlines,npixels

show_size inimage -> nlines,npixels
setdef 5 -> fore

setdef npixels -> passes

cover ~(fore) 0 inimage -> outimage
cover fore 2 inimage -> outimage

declare code

cover Q 1 ~>,code

spanv 0 1 2 10 1 ->,code
cover 1 0 ~>,code

bitor 1 0 =>,code

bitmask 1

max3d 000 200 000 1 =->,code
bitmask 255

bitor 1 2 =>,code

bitmask 4

max3d 000 002 000 1 =->,code
bitmask 255

cover 0 0 ~>,code

cover 1 0 ~>,code

cover 2 Q0 ~>,code

cover 3 8 ~>,code

cover 4 8 ~>,code

cover 5 8 ->,code

cover 6 0 ~>,code

cover 7 8 =>,code

cover 8 2 ->,code

apply code, passes, inimage -> outimage

cover 2 fore inimage -> outimage

endprocedure
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~HSCOOOSDUAL: [OCR.AMG. TOOLS]VMIGRATE.DEF; 4

i** vmigrate fore,passes,in - vertical migration

; note: fore cannot be 0 (zero)

procedure (fore,passes,inimage ) ~> outimage

setdef ACTIVE -> inimage
setret ACTIVE -> outimage
declare nlines,npixels

show_size inimage -> nlines,npixels

setdef 5 -> fore
setdef nlines -> passes

cover “(fore) O inimage -> outimage

cover fore 2 inimage -> outimage

declare code

cover 0 1 ->,code

spanv 0 1 2 2000 1 ->,coede
cover 1 0 =->,code

bitor 1 0 ->,code

bitmask 1

max3d 000 000 020 1 ->,code
bitmask 255

bitor 1 2 =>,code

bitmask 4

max3d 020 000 000 1 ->,code
bitmask 255

cover Q0 0 ->,code

cover 1 0 ->,code

cover 2 0 ->,code

cover 3 8 =->,code

cover 4 8 ->,code

cocver 5 8 =>,code

cover 6 0 ->,code

cover 7 8 ->,code

cover 8 2 =>,code

apply code, passes, inimage -> outimage

cover

2 fore inimage -> outimage

endprocedure
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_HSCOOO0SDUAL: [OCR.AMG. TOOLS]MIGDOWN.DEF;1 18-MAR-1987 13:30 Page 1

-

i** migdown fore,passes,in - vertical migraticn using vcode
; note: fore cannot be 0 (zero)
procedure (fore,passes,inimage ) -> outimage

setdef ACTIVE -> inimage

setret ACTIVE -> outimage

declare nlines,npixels

show_size inimage -> nlines,npixels
setdef nlines -> passes

setdef 5->fore

cover " (fore) 0 inimage -> outimage
cover fore 2 inimage -> outimage

gdeclare vcode
apply vcode, passes, inimage -> outimage

cover 2 fore inimage -> outimag~

endprocedure
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_HSCOO0O0$DUAL: [OCR.AMG. TOOLS]MIGLEFT.DEF;1 18-MAR-1987 13:30

;** migleft fore,passes,in - horizontal migration using hcode
; note: fore cannot be 0 (zero)
procedure (fore,passes,inimage ) -> outimage

setdef ACTIVE -> inimage

setret ACTIVE -> outimage

declare nlines,npixels

show_size inimage -> nlines,npixels
setdef npixels -> passes

setdef S5->fore

cover ~(fore) 0 inimage -> cutimage
cover fore 2 inimage -> ocutimage

gdeclare hcode
apply hcode, passes, inimage -> out;mage

cover 2 fore inimage -> outimage

endprocedure
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OCR Address Tape Processing
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QCR SUNY Address Tape Processing Report
F. Quek
Apnl 7, 1987

This report describes the set of programmes and DCL command files which
have been implemented to extract the OCR address label images from SUNY. Also

included is information on how to make use of these programmes and command

files.

The Data

The data we receive from SUNY is in a compressed (run-length encoded) for-
mat. Each image is preceded in the tape by a header file which describes the image.
This header file i1s in ASCII and is formatted as follows :

image name

Jumber of Rows: HH#HH#

Number of Columns: #E#H#F

where

image name is a valid VMS file name

#7### are integers specifying the number of rows and columns.

Data Extraction Procedure

The input tape has to be MOUNTed using the foreign option and specifving
the blocksize to be 16384. Data on the tape can then be read using the standard
VMS COPY command. The mounting command is as follows:

$ MOUNT/foreign/bl=16384 MTAz
After reading the two files (header and image), the image must be first put into

a fixed record format. This can be done using the VMS CONVERT facility. The

necessary incantation is:
$ CONVERT/pad/2d1=FIXED.FDL Sourcefile Targetfile

FIXED.FDL is a VMS EDL declaration file the listing of which can be found
in the appendix of this report.
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The COMPRESS.EXE programme supplied by SUNY can now be run. This
programme expects an input file name with a "2’ extension. The output of the
programme is a file of the same name with no extension. The programme can be
cun as follows:

$ COMPRESS -d filename

This will decompress the file filename.Z yvielding a decompressed image 3le
named filename..

The resulting image must be put in a fixed record format to be accessibie
from C4PL. The programme to do this is FIXQ.EXE. Besides putting the image
into fixed record format, FIXQ also downsamples the image by a factor of 4 if
the original image is larger than 512KByte in size (the limit of C4PL) and :rims
the image to make the dimensions even (the current implementation of C4PL las

a bug which precludes operation with odd column size images). To execute this
programme, type

$ FIXQ Sourcefile Targetfile rows columns

where rows and columns are integers specifying the number of rows and coiumns

in the original image. This information is available in the header file described
eariier.

Another version of FIXQ exists to facilitate the extraction of the images in
unattended mode. FIXQQ.EXE takes as input the source image file and the
header file. It reads the name of the target file, the number of rows and the number
of columns form the header file. FIXQQ can be activated as follows:

$ FIXQQ imagefile headerfile . '

RDCOMP.COM is a VMS DCL file which permits the processing of :he
:mages in batch mode. [t will read a tape image by image and process them.
.eaving the final image in the default directory. Several lines in RDCOMP.COM
has to be altered for each run (to specify the physical tape drive on which the tape
is mounted, the target directory of the images etc.). Instructions on the necessarv
changes are contained in the in code documentation of RDCOMP.COM

Required Files and Programmes

The required files and programmes are listed below for ease of reference.
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RDCOMP.COM - The VMS DCL file which permits the processing of an
entire tape in batch mode.

COMPRESS - The image compression/decompression programme provided
by SUNY.

FIXQ - The programme which puts the image in a format readable by C+PL.
downsampling and trimming the image as necessary.

FIXQQ - Similar to FIXQ except that it permits operation in unattended
mode.

FIXED.FDL - The VMS File Description Language file to be used with “he
VMS CONVERT command.

The source code of the above are appended to this report.

83




LA BB $
cafrren [
Lodeag, oogpeop ¢
yulegnag, yuncaryp [3
| LA K $
s iagpdiey axdeg aomog,, indnndehs ayrim ¢
“oede ynuopd)
14
doop oy0h [
13
adeynuop oh voyy gf 6 Nbgp g ]
1o obap -o Junhqp |
]
11 esofa m
TIPS SR Ap $
! eep B¥R|0p
s!/2 RIPp AP
oy wyep oyagop
PN SIYY eaep paxy)
eiep p ssazng
32 eyep dwyeaep L IPIX)], ~1PI/prd/ Y 1aAnD
any eyep ,adegorg, Adoo
adeyauop 0106 wayy eneyss  jou gy $
Kioyoargp xapeay sy alegorg, Adoo
rdooy
4
R RNN]
Kiessaoau se Apypok OND ) odeioas, prreryj-dyiye/adeipra 09 ]
’ TYRRRY;
AleloIg, 1S1SSeOn/yR( g (=100 (/ 101/ (v
oo, soqre $
]
0 ==: JUobp $
Apgsaony se AJrpog N | [}:evam -=: adepag
|
IP) PO HO0) (28N == (PIXI} $
prvnexy ubaro) aujar] g bbhxyp (WOd ¥0)g8an § ~=: paxI]} ¢
pueanno ubjaiog | SE 1D (HOd H0) 1 E6an § == ssaIdmo
‘Aressaoou se AJrpon ODOI 11|
]
Kreseanay sn AJipon ODO | [100) : Aepiéps Jap 198 [+
A_ ° YI)jm paLLoqe Fem | 11 bogou/asolo
[}
CIlII.IIIII.ICIIll.lICIIIII.IICIIOCIIIIIIII.II-l.I.l‘lllll.l.l.....l.l.l.—
L}
adiny omes aify wo1) pear eq 0} s1as abvwy ]
apdiigru mopre 0y adey a1 pugaar Jou saop ainpenoad ByRL RIN ]
1
L}
%Af9L Azls )
Py} LVHHOA 1§
anon TORIN) AN THRV) !
W OAN 14
i
WTOVIPA 1A FL XINA 676841 9A6L VINE £ INAIL 1
4
TEY A1) ML (TAX1A apdws y ¢

r obog ) 65°G1 (R6L HIV 9

(SR SO O Ho0)  IViK1$000.05H

EURR R IAAR LGS LU RE L5 TRV S P T/ T E PO <) SR PRI B A B |
gy g sorpeoesds o Avrinan Cueg) abenbuey o gdrsasop
SPVE XA M) ?_ garaeinty S L) AN g -r.--:—v._ My,

ALy openg oy Jo IR0} My §o

o] phimcae e cayee X4 DO 1o gpuimeay datoria g
101 aqQe in o S pue S DOJO Lixpag At} pre smaot
Joo zixpmu agqy ‘ommu apggp adano angy Appowdes oy raam
carinfung K] SIGURD OX g Preea OOEL )0 OIS IaA iwpouy

‘1480 Aq parnbar e suojsuap udad aaey sabewg
1P 19} s2nsua pue ‘abreg ooy §§ ¥} )y dbewy
ayy sajdiwsunop ‘w10 prooas Yibuag pext)

e oy eyrep ayy s 1nd yojym aamwihord ayy,

e IhoId do)ssarinoap/unyssasdund gy

LYIANOD 1000 qisa pasn

A 0) B[TJ UNTIPIIDP UOTEIAAUNO "KLT AYY

a3 ooxig
A3 SSIUINXD

Tl gaKia

STHHVHNONL/STT1E @Y IN0aY

JAressaoau se AJjpow OO0, wmand 8y) Yija poyive

9IP UNIIPZIUNIRND 10) POIFIe A O) P YOJUYA SAUTL LV
‘adey ayy vo dyys 03 s3(])

jo 1aqm ayy) pue pajunnm sy adey 9} YoIYA UO SOjABP

odey yvoisind ‘suanjonitys K1010a11p 5,3950 ) 098] )31 0O}
PAIAI[® A O) EPAU @) PURIBND X} SIY) JO SOUI| [PINASS

NOTIVITHOLSND

‘poutRIqo 81 a1} oy 000k yoea 1ajje pAIB[AP BI EI|1] OSAYL

‘abewy yoea sapooatd Yojua 211} sapeay Ay py syl
(SSAUMOD 30 1) 3(1) passardunoap ceyep

P Pax|] O} PAYIIAAVOD 3 eyep

exdey wni1) pear eyvp mrl dury eaep

A1e PRIPAID S} @R P IUL

‘paseanord are ade) ¢ wni1) sabewy (v

‘adey sy uy abewy

wduy yoea buyproatd agy) 1apeaYy ay) Uy pouje oo ey ohvw)
BYY 8] 000X DIAPN OHL XXXXAXN aurey B[ §) hupmoyio] B)
Y11n A1010911p WAIINO Byl vo o] §} dbre] passardenoap
ayl sahewy oY) sassaidwnoap uayy 311 we1bord SSININD

oy Aq pe1(nbar jemro) nduy 8y 03 WIOJUO 0 JARIJ O}
sabew| OYY JC 1PAEI0] BYY HIIDAUCD pUe JBNIO) SASA/NONINT AY)
uy sabray pessaiduno Jo 198 ¥ spear ampasaad puvumno syl

CpueunNa 133A00 03 ped/ POPIN (8/(L/( qies ‘g 'S
(8/81/¢ b L oI |
sSUOLIeD ) IPOH

(9861 ‘#1 1MI0ID0 PIUIOJTI®) ‘XIPH OJUM ‘[PUOTIRUIdIUL [NS
1equorbing N euueserdg) JRXXIVIE wOI) pRT)Ipw Aaarsuaixy

uPhIO N ‘ TOGIY Y NINT
Wites € v xand 4 Aq

adey eaep posER IO SASN/NONINA ue peay

EV PP IV I PP TP VIO NIV P UV UT NPT UC I UT IR YINITIDNOIIIUTOITITINIT TSI IEOINRITS

1 abeg 65°G1 (86T NIV 9

SHOO0

Aol A2

$
$!

$

i
i
i
[
i
1
L]
t
i
i
|
|
I
'
'
'
[}
]
1
!
|
|
[}
'
i
¢
L]
i
1
[}
|
'
t
|
1
!
]
i
'
]
'
L]
'
'
|
[}
1
'
'
J
]
'
t
[}
[}
i
\
'
1
!
J
]
1
]

(6 WO dHIONN {0 8001 7 TVIS000ISH

84




(11 Y]
[ A RaH)

/e 6 AV o/

‘addy ey

L) B LT Lo ]

13Uy apoo

RUTAE )

/e 91 30 ‘g1 ‘LI - SLIA SR{puvy A{uo apoD of

/s 1 3R am o9 - <23hq GGy ueiny RIOw o/
/e \11a sheire afpuey 1, ued 1911duo pydws o/

/e Kouednnoo §on o/
/s KRauedusoo 416 o/
/o Kouednodo 416 o/
/o Aouednooo 436 o/

/e Aovednioo yg6 o/

/v 28 Kryemewn sy J0) SLIA PR1IRJAIY o/

t abeq Lr:91 9961 10O LT

Sy ODIINEY ) WAAn PO Opw YOO T TR TP QeYn pue gsee Tyneg

Jo 10pPME JO D Aq pIPgY RO} SAUY X .
1 LGEENZE0N. ) = P)ropeay o)how odhy aeg
weyo poubysun

‘adhy 1oy

LIS MO0 WY YIoys peubimum Japadiy
3y wmoo uy 6uog peubpsim Japadi
MTIS NS0 (FINDIS JRPI TS

1 os{e pue ‘juy k) Jo RANIPA SLIAWL PIOY O} Olqe 0q ISIW U] AP ¥ o

€0 SSANIO TG N0l Teidoonrsn

NEVH N XTI Dy jopp
NEVH LI g gope

/e MVILXY o)/ BYDUDE
jopenddy

as ol

tewo —21:_»—
NYHON (N JOPITD

Jrpuag
Wy buog Japadi
LLIET]

os|og

R 1 i

€1 SLIG oujjop

€1 ¢ sua )1
EAEd

91 XINAX Buf)ap
91 == s119 J1I
TINAR W 3P

£00G 3I3ISN PULRAP |
zl =) S119 1)

1006 R31SH B0})2p |}
1 — Ssi19 )18

(1081 BIISN BUf)ap §
"t — SiL19 310

ELOSE BZISH PUpjep |
St — Sui1a )18

10069 3TISH duj)ap |
91 — sa19 1§

/e S118d o/ JIpUY
SLIg JIpva )

SLIA4 SL1g Pup)ap @
sLtg popuyy o

SL1Ad JaP1

/e HAHIIASA o/ JIPUDY
WIMASH Jopun §
}rpua g

Jipnma [}

/e 2mp poubys se suojjoun) _aeyp paubjsun, J1 os(e o/

Jpe

1ipun L
r SLIA4 auy jop
a5(2
(4] SLIAd auljap L
(A EINONS I9NC L) - WIANNISH )
as|a
]| silgd auj)ap
(HARTINNSI9(G/TT) ~-C HIWNNASN J) [
a2
St SLiag Pujjap
(EININIVS+00962L) ~C HIWISH )Y
L [
) 91 Silad euyjop

(HBITIVINS 4 $QYELH) ~C HDMASN )}
HIWY¥3asn jep)s

/e od o/ Jipue
© WIWY3ISN Jopun
Tl silg sujjep

wxod jop)y

/e 0008% o/ JipUO

N HIWY3AsSn jepun
/s 10850301d01d prjom o/ ¥ea jopum

gl si&ta eujjep

00082 J9P) ¢

/e 11dpd o/ Jypua

WIWMIASN Jopum
wWION (N Bupjep
sL14 eujjop
1ded jop)y

_ ~ J1pue
MYIS FUNSAINO A3INOLE suf)op
eiep1auy jop)y

/s 3- WVin ojdonr 0y 39610) 3,v0p o/

/e BUIYORW }1qQ-9] J0) ApOD/RI|Q XOW o/ 4

/e poubisum uniy Javn(e /] a1vdwo pouble o/
/e Licmyzi-uiniag) o/

110U
KIWHasn esuyjep
KAWY3SH japujy

JpR

0 HIIINNS oufjop

KMTIYNS -oax-w_

L]

“1Fax oYy Boy (iIN .

sER1du0 fA16YI10 10] peaes A1cusws [voisAyd JO jumouw oy) ST WHIRTINNS o

/e RAlomms 198n AIne)ap o/ 0000SH

‘wojese1duo 10)

.

.

POST & UPD Y] SLIA WRRI]XVW Oy) SUTWIINP O) POSN S| HANNISN ©33Aq Uy o
olqeiear Atomw sean (eorsfid JOo 1w wrwxew BYY 03 HAWWASA 19S «

/e
wxod ‘go0R2 ‘11dpd  toujyormy. 00 BIfnhOT YOI EJUPTIPA SUTYORW 4
o/

(q‘v)arw !.:-“v
L 3
v 1ba1d vogesadud wivp - sEa1dm)
L]
1 A auyjep
] XPA BUY )P

(v : q ¢ (qee))

€D SSAUAMD (KRS ¥I0] © 1ena$000ISH

{ »obegy {291 9861 10 1

85

&




l I . cowengr JTITO00 RN/7078n 71 iAo
GOM)E sty
L RTR I YA TV (LA VA 21 V4 T I B B AL R FT T |

Cospyy %1, oy Buteh o w g pxg ‘uese By uy grenn sl mypy
1P e sujephina ) WU PUR DL P apad ) dn ueay)
a1 TUC0 S0/70/8n b L 001STADY

(rimug3 viyIag

wo 1a3sr)) apqieax] aoya satedino paubisun g Asouswy (o aaes
0y sheite 0y amMIoniyE pabuPy,) S INOT BIKe XPA JO UOIRIaA D POpEN
PIS 00 TUIEL €£1/10/98 S | WOISTANY

‘wyeyo seardmo auy buyrtos Aq Apyuvopyjubls spyylobpe dn pads
20 00°80:CC T10/807FQ 9 [ VOIS|ADN

SPFWRDIPYUA/SIALT &, wi( pAJIPISU] ‘UOISIAA XPA [} |A agqpivhnn 3§ epeR
aof 00:S1°CT 60/80/48 8 1 WIRIARY

L

i pareaddesip aapy 0y FuBas ¢y 10) b o “()eyghdoo yyja pajdoo
R SNIPIS IAYIO pue sapol Jeo 1y wojeujquno 1o ‘(gp q- A- P- Q-)
pojerwndas 10 (giaapl ) potasnio aq Avw sbeig esordmo o) sameuagy)
JO Jaqumit pa el jun pue uogstRgxa 2 pappe ‘(11do1ab ‘' ()sbreueos paaouny
uagIXPASR[VINY  00:AL LT 91/80/¥9 6T WIRjAaM

‘parsaiduno sen 37 J1 A1)

averdar Apuo (M Bupssaidhmooap uaps aUO0 BARY 3 UEAOP 3] J] mipua(l)

v 0y 2 ®uo ey ([IN aruodsar e go) paidinid 81 198N &) asiarao
‘ayy uopieuyysop bujispe Ajqissod jo fujyjIarano eolog oy beyy J- pappe
‘(=1apeay INOYIIA SATT PlO 3puey 0) Bey) u- pajuamdopim uv snid) 1apeay
sxpmu ojhem e pappe ‘(5211010011 ou) saff) Jenhal ssaidms Ao (1M
UAYIXPASIIINT 0O:BL:AT  IL/B0/¥E O 1 WoISiAaY

asea(ar 10} peredatd 3P0z, pue bey) o-, PPN

w2 W WIS pua 0} passarducoun bugaq a1 eo10d L} parsaiduno
ojuy sijqxew yinsuy  aasn bujrdentd atojaq pomibaloy 10y oD pey
an(ypsiad  00:00°CT  BL/A0/¥8 O € WOIEYARY

“ejany o Maop o) (1113931 1m uy JAaq smid] sepgeo yeubis peppe

pue [oand¢ arping] (Issardunoap dn pads osiy 82118 &1d 0O) XVA w1}
PujynIPq SAA I0J [NJASN SE pup ‘SLIAY =) 4 10] JLPY U} BUY 1SN SIND By
‘saujuoew 11q. ¢ 10] dngong agqey 1se) pambyjun)

me(isaue  9G:pe:el  01/60/88 1 L WOISTARY

“aof wn1) vyeptajuy Jap)ie
‘swnyy w1} Japadhy aupyorem [remm ‘safueyo smau a1y piog

mef s (0T el BL/60/98 €T WIRIARY

‘aroumkraan doog teyoind 01 BjIa] pobuet)  B11q 18P 10] x|} bng
XA qey Jo bupiios FSHIAAN powemedwp ssardimo yooiq .4 . PR yiEm dag
aofipsind g0 00'Er  Tr/60/¥8 T Wisjady

(eayou IR huyrien ang)  Juaoiad Jeraaan 1mpoue
81P1 By} 150ng 0] ‘u0fssalden yoo(q 10) 19sar aafidepe aonparjug
Aefiemue [P Ui 91/01/88 ¢ T uoysiaay

‘pivpueys vossardinn §o0[q AYPH  UPYIA PASSNORIP ‘hupysey aqop
(1a)mp] “avA o) vo ‘pue) 1apdngs sy qiga aovidas ‘hujupenyo yme
mefieme  31:GL 0L OC/01/9R G £ WrIS|any

@ 6 ¢ 8 a ¥ 8 6 68 6 8 6§ 4 ® 6§58 G C U A S0 4SS A E QS EaC s a8 6 a8 aaT s s 0 as 840 a8 a8

NOPPDUNg yYeey 11 Sd amy,
"RATF) LIPWS 30) ANpY Aonpal 03 BAGP) YRRy )0 ozis Aiep

y abeg LT791 9061 JI0 T €20 SSANAO DG M0 vin18000.5H

Ar(iommm 7 NERt SN/7106/%0 97 \OITIADR

TATAOY I, W
AP Japgrg v seeg aobimng 1agaes Ayisuap Ao 10] aoummiogaad
Saaordrr SHEY ‘SO ESHER T elar uo POSPO SIPOD ISP IR0 aYOP))

mef e f G 61 9L/11/v8 [Ax AR A Lt |

Roayn praarhoaog paxyy 13 wigIag uo saredmo panbysun

[Ldd]] Avigrqraedmn o r 10y betg O, PN saunor 2eato uy sdang
o ENAsn uo buppuadap SLIN 1S SLIA uo Bujpuadap 3zZISN 198
aofipsy) on:0S 1l (E/11/¥8 0 U0Isiaay

‘azys 1aquanu ojbew Aq 3umoo 83jAq IndIno

aseairsuy  oyboy 1ead ALqey ssarhimo yoolq aufuealls  ,xoed, LHAS jo
gojueuns ojww 03 shelj ,a010), Ajtup @)jeb WIWYISN @[V)-FIvw 1jeday
(anion Aq sersn ayutod Agaea wory) sdnpamxds goels ()ssaix oap @1eIbajug
me{  £1:96:81 E£1/50/68 [ Uoisiaay

‘(g2]1811039 unjssazduno ou) ndino ,191nb, 03 Inejag
W11 bujryew w1y 1x/34 W1 ‘00082 J0) Sunpisabbng Ayjpiqeisod ejerodioou]
mel  ri(S: 1T 90/90/58 U ¢ UoIsjAay

‘wyepialuf pue xwa 10} sjapjig dn pauvar)y  Cseuly Jipudt pue
aR3P UO XA} JO PIX 10D  RINAX W 10] unpysabbne Ajyriqeizod ejyerodrooug
anf S I YL/90/58 (' Uoisjasy

‘jujod paxjj uf SvojIeINO[eD
oyyer vorssarduo e Hhujop Aq sungyeinojed yujod.bujyeoly tie Jo pII 399
uay 00°00:C1 LT/90/58 ¥ ¢ UOIB|ASY

“Apdde yabuoy ou [g pue ‘9 g ‘g g SYMIY §J4 ) Jo suaeg  jeqorh yoeys
13poonp AYeH  mou 10] jompap uojsiaa Aioumwbow eyy repusx sdnpaads
SSOL, MOPD ysey 10 djd 10 RAJEN(ONR 2SN 0O} VO IDUN] ysey ahuwny)

me( [ LH70T 0(/90/58 G'€ uwoisiAaY

"pupInot onAA1 ()qey dunp paxia “suvoyieindan

wWWasn Pepdn  10009) Xovas ._w&_nv:_;::m qe) :ssaidwooap Aq pash
sa[qe) ay) Yy ajqey ysey Hbutleraro Aq abviole poIseA (orms ARy
aof  (rirL: 10 ¥0/L0/S8 9°f UoteiAld

‘prIoa ayy o) eseaes l1oj paredarg
‘35373 ¥P0xa Indno Kasae uo aujnor Indno uy s[eo ()10119] panceny
eof 00°0S'El 0(/10/58 0¥ WOISTAIY

‘00) SHA/ENA O UNg O3 PIf)IpON
19304 £ Y PIOD ‘4 00:0L'C1 [0/S0/98 PO % VOISiADY

¢ A’ gearduno bong
¢ orvolen 8of 00:06°C1 OF/L0/S8 0 % A’D seardwno 1apPaAyId

mned ¢/ pion e
15010 B8O

SpoM Y Faer
PIsmoyIng uvay
RATAN(] PARIS

SINH Wi

seuny), M Ja0uads

6uibowy poyddy vyl

(pof 1psindigE (xeayxPadap)

(ae{ 1 s7anw § pduyy | xeanap)

(R I XPADI [V INY | [ 1IAO2P ) XPADAP)
(prsieioodpsadjgq [ xea | xvadap)
(wj{ 1 xeaom) xeadap)

(svarngy 16 yeIniso yenjodieyxeanap) (gAY

“PAGT Aunp ‘1eyndin) AAF1 eje njseardmn 8113 - o fsaIdeno

.
.

6 S118 LINE eujjopl
/o

Je A/SUIQ JO aumn (ejyful o/

tuoyenedsy 103} a3kq 1apeay YIInog e

¢ abey {T:91 9A61 10 rT €D SSANAOINDA  ¥00) | 1Va$0005H

86




/o

‘dn posn ore

PR IO DAMNEIT J oy Cnopge an el e Sy By
prageueg dunp St unotsaodunoop ‘waarh g P

S yndug

1 arrpl sy q 1 (oagp ) searhmn pfwen

6t @ A “(pael Amp) 9 ON 4L TOA v ndieyy 333 ‘oM ¥ Ay,
CLuagssarchiey) pamg o

Jou s Aayy se ‘Afayhyy pobUPYD Bq J0U PINOIS FAPOOD OAY XA Ay

/» UOIESaIMIN0 INOE W [18) I,00P o/ 't - 91ndb Juy
/v sabessan ssarddns ‘3nopig wo Indino 91114 o/ 10 = By) 1002
/e P11 PLO SsA(UN ‘Iapeay Iagunu 16w 8yiq.¢ © esn o/ ‘0 -~ oybewru Juy

(LN A1) Isnquew q -] (AOAIp | ssa1duno :abesn,,’11apIR) Jujad)

GO\l 8113} [svigxvm q-) [2)pap-| sealduno :abesp, ‘110p)s) ) jujid)

/e K1jun posoum 38171) o/ 10 = 1O aR1) JUj apo

(suig)> 1 Ioxpns aeir(s »dly 1)) Yoe18 ap eujjnp
11 (tarigi (s adhy 30p)) (1)1007))n8 ey Pujjap
/e BUOVE Wi 4/ OR[e
((rae ) (e oy 1ey0)) 10P1E op eujep
Tnxo v Gjtistcct)qegles adhy 10vn)) (y)joxt)gnn qey augjep §
91 XINAX Jop) 1D
G hyoeaapeo (1) joxygasd qey augyap)
9 abeg LT:91 9961 100 LT €0 SSANBNO (KD WD) : {VIXI$000SH

atrmrod g ybigg 10g anbiingong, y,, unig anpytsobyy

.
.
L)
L)
L]

A ugewm YN .
TE XXX AR RN RN AR AN A R NN NI RNN RSN ERNERRD]

‘0 -~ hoap op Iy

£()(bey) pubaqe) i
/o AL o/ JIPUDY
‘0 = enOoIBA U]
DAL JAP)
{001} murrujo 13
‘g - 9010}

U

apoo ydino 1ealo AIqe) o/ 95T UVAID eujjepl
/e Anyua anag 1s11) o/ LSC  1SWid aupgap

‘goeds opoo (vipuab snonbpiuco By uyIIA B

149 NOMD = Jujodyomp Jup )
/e 1PAIDIUL OO OFIRT o/ 00001 dVD XOAD U Jep]

cI8A0 J10)F ‘sabunp 9191 o SEI IO [uY o
sapoo (¢ 1910 - c1eleweIed UOTEFALIAINO YOOLq .

/e ONRXY o/ PIPUDY
|

pR1Y
fg - hngop Juy
l

DM JopIie
)} ()ebes

f ()apooyab yay

10 = 1938 IP@ Uy

/¢ 9V XINAX o/ JIpoo

(1 )om e ODOB W) 0) posn NP IR) yowyn oy snol

Auv gog was Jo Aoagd g1 arony, KR IRID SUIP UOD pue ‘qe Yy jo

1508 M) gann Yo )5 el oo g, qey jo 3:_:.:—5._ oy ey segy 1ab

oM TIAJORIPIE SLiMeel SPOOU DGR XJINS qP) DY), qQPIBpND M) Se
Ay pue azis aes sy 51 apge ) XTpord qey ay, () ssasdunoap Aq pasn
anogy vim (daantdmn kg parm agaey wgy Avpiaan an ‘Riomemn \jonves aaPS Of,

[
N

€221 ] Wy unod
/e Buyzys agney owwulp 103 o/ FZISH - ITISY W] podl

/o 91 RINAN o/ )IPUVD

tvlqeyapoa (1) joqerapno auyjap

tylaewy (1) joqery auppap

*13z1sn) qeiepoo Jaoys poubys
f(azisul qeay ywuy )

/e QU [RION o/ oste

(e v (et < (1) )qeiapno) (1) joquerapoo aujjop

1 qeIpapoo ‘qei(apon ‘qRIZHpoo ‘qeIepno ‘qeigapod

] = (5)ae19poo o 320ys pouby
t{ve(91)aervepoo yroys poubls
* {18t 91 1aragepoo Jioys poub)
r(vag9t)arigapoo 3ioys paubye
f[v8g91]qritepoo 3soys poubye
1{vac911aqei0apoo 1ioys poubys

(asrexo » (1XHMeT <¢ (y)jaenp) (y)joqery suyjop

‘] 8qPIY ‘(qeIY ‘9qRIY ‘GqRIG ‘PATIY ‘EqeIY ‘EavIy ‘(qrIy ‘ganiy
) =~ lelanay « 3uf°Y
19¢559-3215nlgqeIy v} 3y
fleetaleqen w3y
{ze1n)qery uy 3
‘{retelsaeiy g 3
rlrete)rqeiy vy 3
fleetalearay Wy )
rleetejrarIy w12
'{eetg)1qeay wy 3y
fleetgloqeay Wiy

91 XINIX JoPJY

/e FIBIINDNO o/ TPV

(1 - ({srgq’ v} > 1)) (s11q w)FI00XYN Sutjop
osa
(1 - teyyq u) » 1) (s11q7u) A0V eufjop
/s 1Bvim NG o/ FRILVINO JoP) )
/e 900 6TY) @1w10u0b YEASN PINOYS o/ fS116 ») [ =~ PPOOXPWXPW JUY
/e 831qQ U UAATD ‘epo0 mwExTW o/ !@pooxvs U}
/e BPOO/EI1Q § XPW @[qRYI0E Iash o/ ‘SL18 - SIjques Juy
/e apoo/¥1iq JO Jequu o/ teyjg u Juy

((AB1wsse ¥y OBre-_) || (AB19s)sss) ()TVADEV OU])OP

<4 Iw8) epnjoug
4 eadiy) epnidoul
4 jrubys) epniouy
<4 odiyo) spnjouy
(4 oIpIsy epnouy

batan 80f 00:05:C1 06/10/58 0¥ A’D ssarhnd :1apeang, - [)wWepl E02 TR o..w~
L ]

L
andno qafual 31q oquEiIeA PPV .

¢ abed LT91 9861 JOO LT ] n.d,mmu_.,..id.&x_.auc_"_s!»ooouwz




rllll!ll'.ll'ﬁ'l'l'l'-l

- by ooz AR LA R L p IR RE
AR LH LN ) e UL JU a0 3t axe) -._;—.:.\!—3—. asur. ¢ «/
Hae o « ' P WIS Jape
fabivg) e - s
| {
Tipuag ‘t = By ez
Crharxn ‘§ o~ dusoap op
BETEY) 1 (o - (.aeoz, ‘do)dubnis))y asya |
“(g)rxa ‘1 - dw0ap op
ma Japgig ) (g ~= (.ssardwoun, ‘do)dioiys)yy
¢ { yabesp {
NS HIQxew buissi, ‘11ap)s) oy udg ‘tojabae - do
) (O vaowv ) 1y ) asa {
t,q, ISeD . ‘44d0
fyeoiq ) to =1 ((,/, 'lolaBre)xepurr - do) )y
7 ‘0 - searduno yooiq
Yedy PSP TINN = IST[3[T]e
7 ryeasq {((AB1ve) JOATIE o OB1R)DO| V) (ye 10U0) = 31DA[Y] = ISILATL]
| 1 = oyhewnn
t,u, 98P0 /o TMMIINAND o/ JIPUD
tyeaiq /e 1xumu o1bvw v aaey 3, upfp (eu1byio «/ !y = oybvwou
1 = 9010} TGLINEOO JoP)T
1 - 211IA1900
‘4, AEPD |
i), PEED t{ sdoo ‘AD3SOIS ) (rubje
¢ yva1q r{ 1yuywo ‘INIDIS ) Teubjs
‘1 = dwosp op ) ( NDID1S =1 (( NDT DIS ‘INIDIS ) teubye - beyy pubq) ) 3y
t.p, @8PD B
tyeaiq
‘o0 - 19pb r()sdoo ‘(}ryujuo w12
:,A, PRQD fJnqies Je3I8 oIS
/e DOAX] o/ JIPUAY fOooqrens ‘()xopujse ‘doe 20
fyearq 1311d911Jee ‘ISI211) 00 IV
f(Juopeaan {001 | oavudwa) Jeyo
N t A, OBUD /e DR} J- uaAlb ESajun A3TIATIAM0 JoU o o/ Q = SITIATIIMO JUY ©
’ ane) )} o
[R1 T3 ‘abives JUYO !obue Juy 1935160
f(Juojaiaa ( abie ‘0Ob1v )uy
‘1 - 9F0q1AA
‘eA, BOFED . L)
1yealq “IFInq sen apqe) oy Aea ay) syovil Ing ‘efqey Induj ou Epeou BINpacoad .
1y - brvp wissarduwoap oYy ‘snyl,  A[J BY] €O BULP B ULD DU ‘DJIBFUIEWIDIP &
t,Q, 9890 §1 RiYyL, OpoO BZ]E ejqriiva ® Yifa woy) saov(dar puw sbujiisqns .
ona Japgy oo spui3 Apqeoiseg  (M271) pownmw Afz-1adee pel)ypon .
| (aBiwge) yoIAE w1061y »
/e B10 g1yl Uy s6v1) (¢ ERADOLd o/ ) ((AB1eg)ege) BN ‘929 uy sasvaroap ey oy) 31 Atuo (xgjjne ) .
/e Wammbie boyj ¥ o/ ) .-y = aBivge) ) voiEIAA poassaldand eyl Nin FAoe|das ‘usalh BIP sowvual]) Uy .
)} Ceenbre ‘. obie ‘g ¢ obaw fyabave ¢ ohav) 10} :guo | JdUNEEY o
/e .
spualr) nduy ue aq 1w ‘)P wf Butiys P ) o (induy ge posn ugpis 1) INoPpIe 10 .
0z ssordino yifa 3qrieduno indino ejeromb (- 3 o €agyIN PUP ‘IAUm0 ‘apow Suww yijAa @] Jo wioj passardwo) g 91} .
mopys 03 dino (P w0 (- 0. o rgyndyno o
‘o8jv umyh . ‘POSN 8§ .
aq ISNH SIfquem uayy ‘pajjioads §1 q 31 CRIIGXVM (- FIpqXPR q o uipiIs ‘pejjroads euvou J1  essardeno aq o) safty R 1521 .
sAl1) PLO SSAIRMIOUN 0} [NJIRN 1 1IPEAY O (= U o .
Ar1] wlino o ayjamIaao aoang (- § . SOJINTIPIE VOJESAIAID OIf 1M A~ .
Wwpnban (- A .
droap op (- p . ‘UA Yy IRIRA0 Bq Yot [In 8fF) andino ey ‘estarmpo ‘A e .
asoiaa Brvpp tongsiap JupId (-« A o By UIpIr ) poyhenid aq (1]a 13sn My ‘pasn jou 8] )- Ji .
bBEp (- a0 e pugssa o Aq pears g1 aneds ©u J| uaae pue ‘BIS|XI .
reunpido are ghe() {(V . Aprarie auo j§ uaae ‘privraunh agq oy aty3 wndino kadrag = .
fgssaonrg yuambiy o/ .
ApOO/SIIG JO I XN AYY BRI 12)APIRY :q- .
/e T WISA o/ Jipunt .
8 abed (v 31 9961 LO0 T €10 SSAUMO{HOG MO0} T IVIvIS0D0SIt t abeq 1291 9861 4.0 T €0 SSAVIHOIND  80] * [¥NaE LJOSH |




Loty e
AN Mo Jorg\, s g ady
) AL i folasuwedear) gy
|
|
(
4«35 t{,r1apis, Y 1ariad
) (0> (1 'teasuodsar ‘glpent) 3y
1 Lo\, = [t]oswxisan) atpus
‘{r ‘asucdgaar ‘g)pear
‘{11apas)ysnt )
t {(rueujo
(v 10 A) By 3111900 O) YyRIm ok op ,, ‘S19p IR} JIUy1d)
) (Opunaibaio)) )y
f{aarenjo ’,'e)s1%a Apealte sy, ‘119p3g)Jagjad)
0, ~ jog)asundsal
flglasundear aeyo
} (0 -= (nqyivary ‘evajo)yers) gy
} (0 ~= B1) 3002 39 g ~= D)[IAIAA0) J}
/e 3173 BUPISIND JO BV IAIRAOC 10) YOND) o/

/o 1XON o/

‘(,,3 ., ’';oEvujo)ieoIre
/e pwo1Re sawetn) huoy T WISA o/ JIpual
{
f eNuY 00
‘(do’ ,U\3' uo yoey 03 BUO| 0O} awwualf) ey, ' 113py8) jrugsd)
) (g1 ¢ (doluagnas) 3y
raresjo « 4o on(a
*44dd (1IN =1 ((,/, ‘mmeujo)xapuyi-do)) 5y
/e SRUD[T] VIOYS o/
t(1ydagy)e ‘emmujo)idorys
/e wuruagy) ndino ejersuan o/
) uym - ezyEY
y @218) ) Jy Peya
fC A215H 'LLOSL ) ujw -~ B2Z]SY
C (ST ) 1) ) ezpep ) gy o8y
O azIsSn ‘(1081 ) vpw - ezysy
>
)
b}
)
)

r WIsd Jopul i

( 321SH ' 1L00S
( oooLy

C (vt > 1) ) azymy ) gy esia
f( 32150 ‘1006 ) vjs - ezsYy
C L thy ezye) ) §y erya
0 AT ‘(00S ) v - ezyEy
C (et y 1) > ezyey ) )1
'ATISH ~ OTISY
/e
‘Rapoo INdIno §o 1apmu Mgy uwo spunog 1addn e oalen
WA ‘RN IAPE 13F[IPA O)Pm KITYR By Y] .
ooy pe SA1) [[AIS O] AZ|8 A[qP) YSM] atm] o
o/
‘azys 38 Joqieys (bung) - az)s)
¢ gnmieiey ‘1datiye ) qess

{
fanugiuno (11dafyje) 10110
) CI'IiN -- ((ugmis ', 1, ‘Ndagpje)uadmrg)) gy
/e @113 weluy uadn o/
I
fanuy yuno
AP RLETR T Y
afroyn o xjyIna 3 Foy Apvarqe :uy, ‘119pIn)jiugrdy
) (0 == (2., ‘'t (aydargjeluatais 4 nidagyge)dmnr) gy
/e NOISSANIEX) o/ ) oryo |
ot abed

LT 91 9861 L0 LT €10 SSAUBXO R ¥.0) * 1¥X1$00050

JUNS I Py Aatpuey Ajuo ued ‘syfq py qita passasduna

MO F AR S R LR R ER LG R R A Rl 2 L)
Arylagyge ‘mmujolAdonys
Jo gy gudgne sprounng o/

Je 20 N vns o/

Canuy ynd
s ‘sygxew 3ydag(ge

J..-ﬁ...:..:.a:
) (se1g ¢ sajqrem)jy
‘SITAYPE )) | = BPNOXEIXAR
IASVH LIG -9 Fljqrew
INSVR AXTIH 9 S11qXVe = £Fa1dEnco ¥o0|q
/e B(f) w1) q 198 o/ f()awyorab - ma.ax:q
fonufjuoco
f(1dagyge
‘L, U\IPa10) passaldwoo Uy Jou ey, ‘113pIs))jujad}
} (((44%0 9 [1)19peamy o1bew) «§ ()1eyorab) ||
(tagxo ¥ lo)1aprony oybrm) ) ()aeyoreb)) )y
) (0 -~ Djbruru) 3y
/s« 2aqunu Dibrw a1 NOAMD «/

|
fanuyyuod ‘(11dagy)e)10119d

1 (TN -~ (tugpas ‘.1, ‘1dagygeuadoan)) gy
/e @113 Induy uvadg o/
|

tamvudney -« 2399113

(.2 . ‘oweudesry)ieniye

t{2ydary)e ‘mureudnm))Adorie

/s UD DUD %O€) T ON o/
‘e - (1vdagrgeluntiis ¢ 33dagge oaIn) Py
/e XIRINS T 20} 43N] o/

) (o =) duooep op) 3y

) (o -1 (X

/e NOISSANIXIN] o/

0 - 1918 X9 o
} (ve12d011) 139N 1I8FI0LT) - 3adaty)) o) «Q
) (TN <1 aspret)e) gy
EIIQATE )) | = SPOONTEXTE
‘s11g - syjprew (s11d ¢ 91jqxem) )y
fSL1A LIND = siteew (SLIS LINT ) S)Ijgxvs)jy
1
tenuyuwoo :bieyea
(
/e !Bruan sxeoord o/
TINN - 11437 ).
/e 1ST{ O11) Induy prLIng o/ 'AB1ee - se13da11)e
/e mwu @113 Induy o/ } osy9®
{
{
(
Jipuag
e
L A0d
(o)t
saA )PPl
‘()abesn
‘(AB1vee ‘, !,0%, PP} umouxun, ‘1IPPIR))Iugid)
Fyne}ap
ryearq
' - @nb
: b, ased
‘yeArqg
6 obwd LT:91 9A61 10 L €D’ SSARTHOO (WD " W00 _cangoum:
- . 3 P —




Gy enL ¢ (ernhen yoeogg)) o wEr g
LG LIND TR IS A P I L L T}
SRR T AEESS U] L RRUTRY
o~ Nmon uy
0 - o
‘g - b1y 1eayo
‘0~ VW0 W
/e Ofcm a0peiny .J->._ f sopnpouy e/ "¢ - Ano s Aq
0 = N0
/o FTINVINGKN) o/ JIPIOP
§
‘(luroappin
(Gmopas)aarsag)yy
tissaidmn oo ~ sy ew) (10yn) ) reyond
cy)rapearg aghewlregoynd {{g)iapeay ofhew) seyond
) (0 == oybPunr) g
FIA1LVAWO Japuip

LANINSY Wy 1esybat
‘Frg AZIRY Y] apeo 1Aeibar
J1puag
tdejp Wy 19816
/e BUIYOPE |PUION o/ PR
‘dsgp 0y epoo 1 Rybas
91 RINIX )P
fque Juj apoo 1aebor
o Wy 1386
0 = § Wt opro 1Mmeihas
tapao) g 138 1has
} Ossarduxy

/s

‘me(jeawe 01 uopieyAm(dE] By INoqe Mmisanb

10AIIP ISEATd s (1YWE wo Jummaoidyy poords ajqeanyion 10} ozis aff)
03 bugproooe agqey Ay 1WNIBHOD  tUOFIIPPY A3 Jossardmoap 8yl 10}
POIRIDuDh 5] apoo gNTI) 1RIoxds B pue 'jujod By} 1® pAziR A1 @Iv EapOO
ndywo \phuag agqeriea asgl, REIT) Aaed M) ISP ING ‘EAFAPRIDIP Of1P1
uorssaIduno Ay uaya pAIPAID 61 alqe) apeo Yy Aqaiaya ‘1asal eajiydepe ue
1A 0tssasdino yoolq op osgy  uojje{ndjurm I0.3AJM{OXa 12)RP] ¥ 0)
Aem saa1h 81 aqaid 1811) UNISIAIP 1vNpow By ‘eiey  paaad Arvpunoas
aurad Araariegar s, 110un 9 yis buoje (y'9 298 ‘¢ [oa) g mpjiobie

) nnp w (il et S I B ]

cCrasarduronp

(, ,U\1010) pessardono uy JOU CUIPYS, ‘118p)8)jurad)
1 (((aaxg v (1} rapeay o1beu) -1 () xeyo1ab) ||
((aaxo * {o)1opeay oyhew) -y (}1eyo1ab)) 3y
) (9 == oybrerur) )y
/e 19qumu o1bew ey 08U o/
| esy® |{
*(119p38 ‘,u\, )ond
(¥anbi gy
¢ 1qey dumy, (asoqian)}y
()srardumo
) (0 == duoosp op) iy
/e« Wduy pirvpueis o/
{

S, I JO juUPjIPA ® Op A

ay vo (bujugpero ou) bupysey apqmop buyssaippe uado esn

UOPIRUPEINO 1R ORIRNOD xou / Ao xp)ard
. yioby

/e B1vy8 Ado) o/

‘(1rapas ¢, u\,)owd

(Gamby) || (@ == 1035 ap) )y

f(aweujo ‘33day))s)rvysidoo

/» 9N83a «/ J1pue

oNA3a JApI T

) esta |

an o

ONAX) iy

{
t
yepuag
‘tr)iva
AT
(o) rixa
sw )apyy
*{sLig ‘siyaoow
E11q py arpuey Ajuo ued ‘831q py W1 In passaldund tuIp)s,
‘119p)s) v ad)
) (si19 ¢ syjqaxen) )y
/e« HASN 10] dhivy uip1s amisse 4/ 90000l -~ azy€)
‘sijgquew ) | - AprOXeunew
‘%SYH 119 -¥ B)jqxew
IASYR ADX7IG ¢ S1iquevw - £6a1hino yoolq
/e Y1) WO} . DS 4/ t()ampoab - n:axdﬁ
JipwRl
e
231
A GYRYS
swA Jap)t

P8 0} UIPI8 Exdtdero

/

/e (Fhupbbnamp 103) Indno sopno jo g o/
/e Adno possarden jo 1buay o/
/e WUy 3o buag o/

g - 3o 1o yuy buoy
o ma1hq ng buoy
1 = ymoo uy ug buoy
£33 J0 Yy oI

{
/e FOA ¢/ JypUD]

fGvis ) g
as{ay

1 ¢ (p--1°39 1 1%X2) )y
A Jap) e

/s IERAOONA JOJ | S9SN SHA o/ ‘(g

|
/e NAAT o/ JIPUAL
(oroqina) )y
an

{lqey mp
f()eopooyuy rd

Tt abed

LT 91 9861 LX. TE €0 SSANBIOIH H0)  IVN$00051

1{)qey dump
t{)gapooyuyid
f (Y asaadumoap

! ()ssa1dunoap

{ndagyde ‘. SN,

/e 111 wxhino wwl o/

1y obeq {9t 9n61 L0 1L

f(1searduo (0 -- dumoep op) 3y
/e vOREDIAOAp/unesardmd )y op Ajpenyoy o/

)} CriN -= (wmopas ‘.m, ‘mevujo)uvkoes)) 3t

)} (0 -~ B1) ywor) )y
/e ONB3G o/ JIpudn]

(esoqq1aa) 3y

o810

(0 — Bbnaap) 3y o5
LA E

osyo®
oNAA Japujy

{
‘1mepys)yuyadg
Qaynba )y
{
fanuy yuco
‘ (empugo)roriad

1 (o -- hyy enzd)y

€D SSANSN RN BI0) : VIS 000ISH |

90




s NMIERT o7 Jipag
L S C,u\, ‘0 - 1) oo -¢ (9 -y qon)
Copoa LoapGe, CTopas dpged)
( aeoqraa ) g0
MR JOpPIIY

g = dg o« TP 1o ihol

.-,ﬂﬂﬁa "W Imu-__- ~d.|dﬂu-.4 - U'_- ] d.-q -nd—mu_nvﬁ-

/e

APRNG 1A ume gy 10 ‘uaalh 1opTo ey AT10eXa uj .
SN P IPIDOAp 1SIHN T Iy DA O] e ptorhiy €1 11 CRVA ML 1O o
o/

/e DUAF o/ JIP
0 = 100 U] D) IE
* oMl 19D]

fapo  jug
{ apro ) yndy

/s X¥A o/ Jrpung

TUIX0 ‘BL*0 ‘DEXQ IUXO0 ‘JOXO ‘LOYO ‘€0%X0 ‘10%0 ‘00%0) = (e)ysvar adiy seyq
£(00%0 ‘0A%0 ‘0°X0 ‘0P%0 ‘0I%0 ‘810 ‘0yx0 ‘Ax0 ‘11x0) - {e)ysewy odhy xeyy
XeA Joapujye

r(sialInq 1eyo ojIeas
/s

“18A0 1103s pue 37 Ajdue dn B{[1} I0))NQ G UIYq UINY UL OPOO
yoea 11aSUf 03 WOIONTIEUS ASU KVA &y 0sn  (Apypomxm 3] uy A1) .

1UIA sapod g IPYY O8) 1) buop 1aj001vyo SLIG ® URIUIPH .
(Y| 10BIY o
‘Buny 831q § o1v TN .

QU0 INBRY o

‘9113 @Y1 0} apoo s Ing .

. :gIndIno

1 - ezispron(buoy] - SIIq U ey »

SAMES? SIYL  CAA Uy ‘- -= J1 1abajug J1q-s11q Uy ApnO .
rsyndul .

‘apoo uaAlh ey andIno .

.
( wwhino vl »

allllcuccua-n-nl-llnclcncnnclclc--lnc.n..c-lll-l|¢-¢¢.¢l.0l|¢\

{
nunyar
tg = Y919 Y x0
(3mea uy ¢ o mayhql g
t
/e ONGA) o/ JIPUAY
o v gy 3 63340 Mmoo Ul ‘11ns Jopyetad
( , runysgardu, ‘11opys )jiupidg
/v OMMAN o/ e81ON
‘L RrIqu ‘| - Jua aary
LON(S11q pA) Py sea (yoo[q 18P1 J0) apno ysabreni\, ‘11apis )juyidy
1,0\, ‘110p18 }javgady
(o up I g3)Aq R0 U] ‘119p38 Jojyersd
£, e ay fe uopssasdiy\,, ‘110pye })autrd)
(N, ‘123p38 ))1ujedy
t{ o saYAq ‘3o Uy ‘110p)e loyyeird
{ o g1hq umon oy’ ay
:101090] uaieea 1o no (sa14q pra) sapno pry ‘ut K1eyD pRy,
‘1aap1e Mawupady
L LIK AN Rl

/s shuyaes ou 3y (g o/

¥ obeq L2°91 9A6L 10 LT 0SSO TR W] TVIVTI80000SH

{ ssarhmnd yoo1q 9y Iuyodyoayd =¢ mod ug(uy umoo) ) )y este

/e ArqeISeY (- PO o/ 443U 801) = (1) poqeIapoo

1 Cyvinb; 9 g = ALy V020
/o
TIOPIT WO SIPS N0 LY o

o/

‘(1 Qg apno) Jindymn
L4 JUINOD IND
¢ Aty apoa) Jindino
/e
‘ap0 [eut) AYy N0 Ind .
o/
{

() yooiq 1o

|
fapoo) = (1} jogeiy

B J1puo
) ( apooxvanrew ) Jua saxj ) J§
esy®

] (apooxvexve (pouhiisum) j jua oax} (poubysum) ) 3y

/e (niouw "D 133pe) ysey Axepuoas o/

/s o188 Aydum o/

/e BUYBPY JOX o/

1(3ua + (s1jgxvm )) o> (buoy

(0> (1) joqey(buot) ¥ 3y osi@ |

MOS FUVIN00 GANDIS Jop) T
0 - Pl
! 44 UMOO " INO
t{ qua (yuy epoo}) ) yndano
YO vy
‘eqo1d oyob
{0 ¢ (¥) Jogery(buoy) ) .“
fpNY T V0O
1(y) joquiepoo - Jua
} ( #pod) == () poqeay } Jy

‘b1 ozyeY -4 ¥
¢ 0> (doyp =- ¥} } 3y
:eqoxd
'y - dsyp
(to--1 ) ny
) - ba1 B3I6Y - dEIp
fy2vwou 030b

fenu g yuod
(1) JoqeIspod « jJua
) ( epooy -~ (1) joqeay ) ¥

f(we _ (J1usy ») 2)) - ¢
1)) (buor) = apoo}
40 Um00 Uy

Jipud
)} 308 =1 ((Y1epab = 2) ) ejimm
oR(?

) { a0q (paubysun) - ((VivpIab - 2) ) of1yn

/e OIqPY Ysey Iea|D o/

/e punng sbuex apo ysey 128 o/

(1L <o PPIOJ 119(GG9 ) APODY

(1 afwg L7971 986t JoO T

MTIS ANVIWOD (ANDIS J9p) Y

r(bar azysy (U] JwnO) Jysey o
‘azy6Yy - o1 2118y

fIPIYSY - @ ~ IJTUSY
IR AL L

‘azisy (buog) - epooj ) 10)

‘0 = IIUSY

() tmpoyad - N

€D SSANRO DD muo_ ".sﬂwgcumz

91




o967 bEHEd o (ssandens yoopq)) - e oo
|
rapra (GrdAy 1egn) = (opod)joxyppng qey
‘0o~ (opon)poxgpaad quy
) ¢ B LA .:.IA PO GGT - NN ) 10}
S LINT = STHE U)A0ONVIH = opooxsm
\I
AUGPY AN UY SATIIND QGE NS11] ) PZ]IPI U] CPAMP EV .
o/

AN APOOPIo apoo Juy Ao aae b
freyoug) wmy 1asbag
‘tdyorir, Ay 1o 1339161

) O ssardimoap

/e

‘PAOQY FUOTIUT)Ap M) Bas  aujInot ()SsaIno ey Jo asoy) YITA .
paIPUE are ujatoy posn safqe) ML 8] pessarduoo ay) U} paInIs oq .
0y a{qey ou Buprynbax ‘Ary ayy vo agqey ,butiig, ayy) PuprIng A1) .
aygy up sapoo oy 0) s)depe AUTINOT 814l INOMS 0y upIs ssarducoan

o/
{

r{)xzo0y§1Im
( { wopre Jiowe} My
/e ONAAY o/ JIPURY
0L\, ‘Tmpie ))rugd)
( esoqtan ) )y
DEXT 1PPJ Y8
£ popIs Jysnyy)
‘0 = W9)jo
tg / g + 198J)0) = IO saIkq
{ wopis ‘g / (¢ 4+ 198))0) ‘Y ‘Inq }eNfIN)
Co ¢ wepo ) gy

/s
CID)ING Ay 30 IRA aYY BITIA ‘AR IV .
o/
) asta |
t
/e DOAFT o/ Jipuayp

{
g -
O spq u L u\S 1§ py 03 abueyiu\,, ‘11epI8 )jjutady
P Cbwpp ) gy
oNAaAT 3PN
{
{319 U)FTKOIVR = Opnoxva
o913
IPPOONTUNNPU = DPOOXPE
U satqeem —- s31q v ) Jy
.‘..nd_ﬂ 1
)} 9510
(
rg = By 1eayo
“(SLIA LINT = S1[Q 1) XNDIVH - sproxvs
) { by 1ea10 ) g1

‘D - 195}3)0
l
‘qYIq 1 =4 0 warhn
‘(Y
(s1q u -1 opys ‘FIfq u ‘1 *gnq )agiag )y

€D SSANBE MG HO0) : IVIISn0nSH

31 abeq LTS 9A61 JDO T

UG IR SRO A R IR A}
\.
VEPUas Sep 41 1000 (1 un DEe00L 97215 ) 19A0DSID .
1, 00m Hpts pedag Dy Dune. Rl I ng O ) NI 8
o/
i
({g ¢« byy reaa) || apooxew ¢ ua 391) )
/e
agagssod Jp 1 ATeAIDU] YY) .
‘azys apoo Ay 10} biq ooy aq oy butob s A1jua axau oy )1 .
-
/

(
'g - ¥98))0
1(S31q--)o11yn
f (sedne ) 1o Ind
. op
‘931q -+ N0 wAYAq
‘fIIq U - 5I1q
rinq - dq
) € (e >> s31q u) — 338]1J0 ) §y
'SYIQ U -¢ 3139])0
/o XA o/ JIpuaj
‘apoo - dqe
(s31a)1
/« 811q %] .ﬂ
'8 -- 81q
9 =(¢ 8pno
fopoo ~ ¢4dqe
) {8 -c s11Q ) )Y
/e (S31q 91 01 dn 10} {=)) atpeiw ey uy sazed 11q @ Aue 399 o/
‘Jjo 1 - @ =(( @pod
()30 1 - g) -- 8319
144dq
‘Ipgo a)xseuy 9 (3o 1 ) #pod) | ((jjo 3)xsvar ¥ dqs) - .W..
.
“3J21 ) Uo yumy .
1S11] oYy ysew 03 poou Ajuo ‘s11q g -¢ SAeaie S| 9p0d SOULS

o/

'L -y Jj0 1

(¢ (¢ JJO 1) = dq

/e

234q 1S11) YY) OF 33D .

o/
/e
apoo fujAn(1o} ey Aq pele(imre B XVA oyl uo Bujraguu Jj/e1iq _.\
»

/e XeA ®w YOU o/ a810Q

/e SWA o/ JIDUDE

(L6t} ot 111 (de)y asuy, Juse

/e MR J§ pue wRY Yita B 0 Ood 10) pUNOIe WIW o/ ‘0
asjaf|

A EVIY FIO 19 opooy YasuyEaI
SWA Jap)T e

/s
“Juq o hujuuihaq ayy wnaj KIQ I9SJJO .
1@ bujyie)s ambie 8y unrp S11q SLIG 1TAKU] CUOJIP[FUPLY o

.
O R SAUTHOEW IO U w0 uamndig | AN INIART XA o/
¥xPA J3p1Y
) o ~c apo ) 3y

1 abey Lr:91 9861 LOo rr {0 SSANSRX WD ¥O0) : TYNA$000ISH




BELUBR LA RS B TS BRI HL
o/

feo XPA ¥ ety o f DUy

Je WA o/ UMY

Carrrtat) qrione AZ XD, Jurie
QI RY |

A s QY 10 19)AT PSRN - A
A Joppe

xvA JOpITR

R W - sy

IS Jjo 2

1
(1 s11q u) - (¢ )» 92IF) = aryw
/s SAPOO 1O 2axpmul (PIHD WL OF WROp IZIE PIMON o/
o0 - 1RO

11- wnyar

(0 =) o315 ) J7
Cugpas ‘salq u ‘T ‘pnq Jpear) - S:"

/s A1) JO pUR o/

tg - byj avago
{S418 LINI =~ F11Q U) FN0XVH = epooxvw
} (o ¢ BIy 1°a10 ) gy

t
(8319 Y)ANOAIVH = epooxre
anya
/s Aou 3260 q Aue 196 y,u0m o/ !IPOOXVUNPTE « GPUONPE
( s1pevs — @31 v ) §y
fvegqu
) ( epooxve ¢ JUD a1} .\:
.

00y ‘IINg 19])nq MU W 4
Bupeal eaj1duy BIYWL D)8 M|} ASEIIDV] IETE BA Y)Y ‘06 o
apos JualIno M) 10§ byq any mq (18 ATjus POU Yy JI .
M o/
)} ( aproxem ¢ s aas) || @218 =¢ WEIj0 || 0 ¢ b1y avato ) gy

J1puag
() azyagAr Ui
fua 3apgrl

g - dqe edhy 300 3991601

‘931q ‘310 1 ug 19eyhor

flsLig)ynq odhy 10t oyyeas

‘0 - azi® ‘g - IPWJJO Uy D) IMS

fopoo Juy apo xmaphat

/e

‘yearq [(In ose ayy 10 ‘uearh yapro eyy Apyoexe uy

s IPIP(0ap 12151601 oY eavy 01 P Lo BY 1T XVA ) W0 o

o/
) Oapooraf
AUTEC ey
/e
PMIMAE §) |- 20 epoo .
wndIng
arms .
I B11% 17
TP owInal ‘A0@ 31 vl PIPPUPIS DY) WDE) BPNO PN PYON
.

( apooyah Jewg, .\

1D SSANO [HDS  400) * TVN$00005H

Al abrd Lri9r 96l Joo TL

/e NICap Aowyym ‘0 o/

/e ®IFIA 3,uPD I MSPID o/ {{nopis)ro110) )8
fe 1°YD - SV @ DG 1S PpOD S11) o/ t( seyougjlaep) hreyoyd
/o @1m| JO IO 0 o/ fumnyaz

L1 obey

GhE S MmN TN aE NN WE E N

()r1oay08m
(Lynops) o)y
o anopys Jysngg)
f
‘aprxmil - ApnOpLn
\l
A SOLAA ] LxpEmEy
o/
B |
149pN0 - UD 8a1l)
faeqouyy - (apmo)joxgjne qey
rapoopio(y104s poubisun) - (apno)joxyjasd qe)
} ( apooreuxew 3 {(Jua 2a1).8pmo) .\:
L]
- RI U MDY S} 911U &
o/

1{ woeasTop ¢ dyowis ) eYTyYA
t{ dyoeis._4 ) Jeyoyrd
op
/e
19p10 pieAl1o] Ul N0 wA) Ind puy
o/

f(apoo) joxisIns qey = 1eYoutj - :.uxu:am
f(opoo) joxyjerd qey - epoo
f(apooljoxyine quy - sidyouys,

jipual

) € 95g -¢ ®poo )} eyTWA
es|o

} € (96 (6uot paubyisun)) ¢ (apoolbuoy e@:m..nc:.. .$o:£)
MOIS IWVIHOO ..-ﬂ\n:w op) Y

.

JOpIO BS39AAT U] EIMORIPYD INdIN0 BINIBUBD .

o/

93

fapoopio - 8pod
fIeyour) = ¢4dyovys,
1 U w2 a1y -¢ op0 .\:
L]
‘FuyIIe NmmN 10 aced |ejoads .
o/
3pOO - 33.."
ryeaiq
€ 1- == (() 8poo1nb = epoo) ) J)
‘1 - 1S¥14 - e eBI1]
fy = 613 3wa0
‘o = (apoo)joxyyaad qey
( ——apo0 {0 =¢ B0 'CLL ~ opod ) 20)
} ( sea1dwo’ oo1q v9 (WWF1D -« 8po) } It

1 C1- ¢ (Oapooieb « apoo) ) e

40w )8 9p - dyors
f{)xr09311M

/e ¢Apearie 308 o/ (1. == apooplo}}}
C()op0Iab « APOIPIO - 3PYOUL)

2" SSAWIWO IHD M0} * IVNNI$000ISH

LT 91 9861 40 TT




218 WWAS ‘1 (e yoegs)yarge spy Yoaraeg
!

o viopn oy yoege

Aoy yoe e ) Joxggpng qederms . doy yoe s
) € Crinn ) poxgont qey o LGN ~¢ WD) o e
TEHIN -1 e 7 ) 1)
LR CLAE I RUA A E HUF T ]
fo\, = (Do) yomn yaes op
o (e joxgaend qery yua
TuaN OLORNVPCY PG, TIPS D)y ad)
asya
Co TCumbjoxggnad qey ‘R
L N L YA A | W (130p18 )jjugad)
( (oYwivrdsy 9y (o) gyosesy ) )
‘rd)joxpns qey - 0
') - M3
POy ‘v a1 > 7 ‘0 -1 ) 10

/e Dugssardimoap o/ ) (bnqopidyy asa |
|
‘3ZIS AINIS = do) yoeys
‘C1rapIs ‘doy xRS AZIS NOVAS ‘1 ‘' [doy yoes) oS apy )ayjaa)
{doy yoeis ‘A)ROP IS U - doy yoeys
(
‘{doy yorys
‘syjqxem (¢ (v )qenios)joqe ) yoeis uj = doy yoeis
} ((r-(sapqxeuny 1)) 9 ([aus]qeivios) joqeiy-ue
95 ¢ W
{y (saaxemy) 1)) v ([1)aeritos)joqes-jua) 1o
¢t (doy yoeys
‘pxpy{srtaxeucc(11Iarivtos ) joqeig) )yoeie vy - doy yoeye
o = oy yoeys__|yowys ep
YU\, - [doy yoeys--)yoers ap
1 ‘wu\ TPSN, C119pIS))3upad)
) Goag fqud aaxy ) 1 f3811) - ()30}
9GE * JSHIA ¢ Esardind 2wolq - I611]

1
|
1 = [{1hcariapodqeaiios
] (o ~¢ (1)yoqea(buor) )y
/s s1ayujod 3108 pring o/ ! Coay 'P2Y5W00F ‘0-1)an)

'y - boyg uy 1meifor

/e BUpsSRIMIO o/ )} (0 == dwoap op)y

o> amynybal
1ATIS ANIS = doy yovrw juy

‘e asybas
1I8Igy ‘v uy amsyban

/e atqey buyiys dmp o/

/s qeyyg oty s1ajugod paYIos o/

(o e

"{ive

t( 1wpye f u\, oy
(
£l LU\, ‘0~ 100) ¢ ¥ =¢ (9=210) ‘apoo oapgy, ‘T1apas))iuyad)

or abed

LTI 9861 JOO-TL

00051 ATIS NNIS euljoapy

(1qey dumpd

ISLIA T 1110 Ju) epny

Jipuag
angan

A L R Y

€7D SSANMD DG ¥I0) * EvXI$0000SI

0 o~ 1
‘Y U . Sy
Yo myrg W O\S I py o abusion\, 119p1T) ey ady
) Csatqu =4 sSYIq ) )¢
Ly a91)
( apeaxouncem 3y Jua a0} ) Jy as|a
!
'y = b1y avajo
‘1 - ISHLd - WD an1)
) ( ssarhind yoo1q 9y (YWTI1D -- apro) ) 3t
1 (0 -¢ ( (Japr01ab = apuo ) )} PLIYn
' 9gr : 4SH1d ¢ (552100 ¥0oiq)) - 0 831)
1{s11q VIHICORVH = aproxew
'sL18 LINI - 8S3jqQ U = BI(q

‘6319 ‘Q ~ 100 Y

fapno Juf epo

/e

‘bubbngap 104 oty nduy w1y sapno N0 ufId 1SN 6
o/

)

{ )sapnojuys

5N Jap)y

f{(d)urnyas
8 = d
(0 == me) 2}
(448 Se "TINN = d) 10}

tde W]
)
10 '8s 20y 336162

/e ® OQIY UT 1} BARY 1,00p oys BsoY) 104 o/ (o ‘sheapuy
. 1oy

fapod w1139

f831Q U =4 93)JO -ﬁ
/e XeA o/ JIpuUd
330 31y (Isnqlyseas v day) -P 8poo
/e S3q 33p10 YbYY o/
{
‘9 =-- "q

‘g =+ Jjo 2
_ /s WNIDN ON o/ )IPUo
139071 5y srdqe -| spoo
eg{e
3301y (JIx0 ¥ +4dqe) <| Bpoo
HYHON ON JoP)Y
) (8 ~csna) gy
/e (8319 97 03 dn 30) 1-)) BIPPIW M3 vy ®11ed 31q g Aue 199 o/
/s PIOA Dpro 03U 13E)JO ‘mou o/ ‘§JJo 1 . g = Jjo 2
‘{310 1 - @) -_ BIIq
/e BYION ON o/ JTPU®
(13071 (¢ +4dqe) = BpOO
10T
3% ¥ (13303 - piysems 9 (33072 ¢ +4dqe)) = epoo
WNHON ON J*PJ ¥
/e (831 33p10 moy) 1ied ¥S31) 19D o/
L =% Jjo 1
(€ <C 110 1) = dq
/e

LT 91 9861 LOO LT ...u.mmm._.m;a_.&,...-uo_u:a»ooeum:.

61 obrqg

»

94




¢ tmugny ) yutpom
LR |
o) e
QA Fopg e
CC Ny ydntios cssprddmoun, Crapys ) Jampadg
(1 -- dooap op ) gy

)
/e oy prq amsar Wyl prim o/ () sdx
|
/e SMA o/ JIpUDl
1) e
£{ sweujo ) yappm
an A
‘to) e
FwA -uc:“
(O} :.:i
{
{
|
f (0 uinyax
} oo |
f(tluInyas
/e A¥y ® 5} asapas pur o/ 1 () Ayesy )y
/v pmorharo) o/ )] a9 |
t{glumyer
/e tpunaabyoeq of ) (Bey) pubglyy _
(Ypunoibaio}
/s
‘Ayy w8y .
21ap18 pue pimo1bato] ey uy Hujuums ate an JT T EUINIRT SUTINNT BIYY .;
L
. |

/o FBA o/ Jipuap
! (mreujo) 101 rad
{ (mweujo) guyun) Jy
soa Japuyri|
/e PALIP] £1837 84} JO BUO - AIMIAT [NJESAIONSUN o/

{
/e« UINIAT NJEEAOONS o/ famyng
f{(myenjo ‘64 YIIA pooeydar - . | ‘saepin)jiurad}
(wnby ) gy
J1puay
f(oreuj g )10110d
/e O11) WUl BAURY o/ ((mvugg)guyrun) 3y
/e €M PpIIJIpm puw Passaooe Ire] ayepdn o/ 1 (darpy ‘ewvujo)aupin
) L R L L R T
fempyw 3R geqieye - |{jdemn,
fompye 3187 )vq12ye - (g donyy
/e dIysiaunn Ado) o/ '{pyh 157 JnqIeIs ‘PIN 18 Joqieyr ‘earvujo}usan
t{oar-ujo) 1o3md
((apm ‘ewreujo)pamp) 3y
‘L1Leo v w...l IV VPR - I
‘0 - 1018 11X
) esga |

/o s Rdory of

/o susne VOIESAIMN) [NJSEAOONS syven o/
L pobueoum agy) w ‘113p39)guyidy
(wynbi)y
Ve 2 211) Aacmmrr cmssarhmn on o/ ) ((a010)1) 91 ¢ == 08 )IXD) J§ as(a |
Yy = 1918 XD
| LATALERLAR LU e L)

rr abeg

Lt 91 9861 1O LT €70 SSAUNMO (1D WIO0) * TVIN1$000051

L LU LR IR DU R ) B ] w CIVIS)IUT Mg
CGaiugy c, csy, ‘HIams) ey
[REILUDFX]
) (1 ¢ Wi qu T gnqIeas) Jy asia |
1 = 1038 XA
*Capabueoun cagry wenbat oy w Crtopysiyynyadg
t(arptagy , inw,, ‘11apIs)gangadg
‘ (yagnblyy
) (9and) S =1 (LK) S ¥ apow IS Jnqaels)) )y
/e iéiasim sy s1 ‘sadhy agry 110 aog e 0y pebury ‘aupl H1o 81 SIYY o/

|
turnyag
! {sreugy)sosaad
/e 111 Induy W 1038 19D o/ ) (Onqyeasy ‘aweujylinae) jy
f (anopis)esord)
f{tidawyy 3 awpy
. fopom Juj
JNQITIS IS IONIYNS
)
fguvujoy ‘ouWRu) e 2
(oueujo ‘cwvu}y)ieysk
. [}
/e SWA o/ JipuR
1) e
r( omeujo ) yuyium
os®
10} 1=
swA Jopjy
t( oweujo ) J0110d
)
()z1003y
/¢ 903 «/ .:x.o_
rdoy yoeys umnyex
{
Y.\, = (dor woeys. -jyowIsTip
1
tyvoiq
V9 / 9 4,0, - |902 youjm__)yovIs 0p
‘g 8 (8 /9) 1,0, - [Jor yorrs__|yovym op
‘g 994 ,0, - [dory yowye_|yovis ap
13invyep
ryeaiq 1,\\, - [doy yoeim__)yoeye ep :,\\, osed
tyeo1q 1,3, « jdoy yowyw__jyowrs ep :,1\, o5
tyea1q f.), = (4 %onIe__|xowis op : g\, ewwo
fyee1q 7,q, - |[doy yoris__)yowrs ep !,q\, IsED
fqearq 1,3, - (doy yoms-__|yoe3s op :,3\, @SED
tyea1q 1 ,u, « [doy gomis__|xoeys ap :,u\, esed
) ( 2 Jydyne
. ) este {
10 = |doy yoraw._.} I op
) U, . == 9 |} CA\. =1 2 3y (2)qupsdsy 9y (2)fiosesy) ) 3y
)

‘doy yoes ‘o Ioysife,
(doy yoe3s ‘H) yove uy
Rl ]

'AZIS A WIS = doY yoers

1e afed L8791 3A6T 430 LT £/0° SSAUMKD (MM 830} 1¥IR1$00005H |

95




w CRTIT ANVATE IFINDS,, S 1Ipn) g v
MPIC ANV (NS JapT Yl | (zata > )y
Jupun ‘reln -
T THVIEN 0N, I nead) ) tzern- el Co-<xt vy gl o=t )1y
VIR (N JapgeR 91 XINAX JIPIVAR
Jrpuag
(, ‘xea, ‘Tiapas)paugadg ‘Y - tw by 1ays1hor
xea Jop)eg 'y by 2asihan
(, swopydo, Criapys)pyugadg J1puap
Cyapr sor L i\sy, ‘1rap)s))wgady 'd gqeiys JUT WD Ja3s1bes
i ATYSY = % Buoy 19ysibos
(Yo s 104 ‘f 193151012
o8l
{ ‘azysiiqe ] -« 4 qeie U] JUnoo Ja3sybos
‘toot v b ‘001 / b ‘.epron py. ...:5._3:.:.._“ /e Bnporw [eIoN o/ 91 XINIX _sﬂc:_
‘b. = b faz1sY UY wnoo 1v9sibaia
‘(ewanys ¢, ,)owd /e 21OP1 90D 19531 o/ T (azysydysey” ()
} (0> b) .“ (
/e UPNOWY ‘sunpipnoged buog o/ ‘uap / wnu o 100001 = b {
) o812 ( /o 908X o/ :_x.OJ
‘(100001 / vop) /wnu - b t( ,u\1ea(d, ‘J1apys } jvjad)
/v 00001/1V9€RYLVIT o/ ) C1evLvtE ¢ Wl (bnaap)yy k
ona3a jeplie
/e BUOT 0q 0} poon V,usa] o/ th yuy 1318101 t( wv (uy apx») ) ndino
) 1 - Bty aearo
fuap ‘omu jJuy Bbuoy 1SHId ~ U aa1)
‘eva119e FIL. ¢{ azysy (Juy Junono) ) ysey o
(Uap ‘umu ‘weo 19 )orIe e Jrpuan
/s a(qey bupsys dump o/ ‘()qey ump
{ (asoqiaalyy
e « dqeiy oMa3a 13p) 1|
C -10CT 91 =+ 1) 10 ‘0 - ofex
11puap ) esya {
. { ‘301 = Ofje2
| } Coryes ¢ yex ) 3y
91 XIN3X JAD)IN (
(0 ~¢ (9T =- 1)) aptun | /e BIIQ (PUOTIOPI) @ o/ o sMAq / (g )y yumo: “uy) - jex
‘91 -- d ary ) este |
‘1w -« (1-d qeiy)e {
‘im - (g daeiyle 1391 / MMOO U] - el
tw - (¢ d qeinde ) osta (
‘1w - (v 4 qeay)e 1333093IL%C - I°I
‘1w - (g4 qeiyde /e 0182 Aq epalp 3,000 o/ } (o == Fe1))y
‘qu « (3 d qeay). 19 ¢« W0 siq - ez
‘1w - (¢-d qeande /e mOTIIDA0 LTIA ATUS o/ ) (J3177000%0 ¢ AUmoD uylgy
fim -~ (g d qeiyde
‘1o - (g d qein)e /e DNAAQ o/ JIPUR
‘1% - (o1 4 qede {
‘1 = (11-4 qriy). £, 0\, ‘119pIE ) Jwyadg
o - (g1 d qea). *( 1o sa3hq ‘wmoo uy ‘1rapye ) oyrerid
fm - (g1 d qeay)s ( yumoo up Y, 0JIel1 ‘ply (unmoo, ‘11api1s ) jaugrdy
‘1 - (o1 d qeay). ) ( ongep ) 3y
tm - gy d qey), 5Na3a -vv:J
‘im - (o914 qeind, fAND ADAHD ¢+ Moo Ut = Jujodyoap
/e 1 (g)1nsusnn A RAG asn NHIW o/ } op
11puag) fyex yuy buoy zaysybas
‘ey - ezysy - |
asyayg /e SEAIdIDO XOO(q IOJ IPI[D A|qQPY o/ () yootq 1IN
) (o ¢ Iy
] \
eyt )armly - d qeay /e SWA o/ JIPUR
| 1) e
ve heg LT 91 9961 1O LT €70 SSAHARO M HO0) * TV8000:51 (g aheq £Z:91 9861 L0 T €2 mmu_...;.:ﬁs.suc_":.awoooumi

96




r{(sL18 ‘. U\PY ~ SLIf.,

(. ‘T vasd,,

(., ‘onam,,

(v A LINIWOO,,

{w ‘91 XINAX,

‘133pg)3Iuyad}

‘a1opys)yvgad)
T vase

/130p38))ut2dy
a3

‘1sapye) v ad)
T ILVEO

‘11apIs)yugady
91 XIN3X

)ipua

19P3t
JIpud

1901
Jipua

P31
Jrpud

12033
yipua

cr oheg £T791 9A61 JOO T €7D SSAUMKDHD " ¥I0] ¢ TVI$0000SH

97




s

Je 0] prscor aphunag poaxey oy o/

f
SRR T
‘O qriabae C u\sy Bo ey oaeato ‘paxty,  Hops ) g edy
Py -- (tzising "7y ‘fzlabav) pava - pp) ) gy
Zeo {P1 M) sunmar VAN D) proans yihung poaxe) A Pney

{

CAMMOD y AL - 2SN

/e UAAD S| SANT JO TN BY) NS OYPR o/ T« (p/m0a) - mor
) Ao

|
C MO0 5 AOT = ZIS)NG
‘g w (/A1) = Ao
! AWMNOO - ZIREDAL
f O - mgon
t (1 'm0 ‘moa ‘sbrwy) uAA3APH
/s PPO B8Y SIMOO JO 1amnu gL o/ | ( Celp/tAnjoo) <1 mmtod ) )y
/e UAAD FUOJSUAMIP
81y} oxrw 0} ea am ‘ohiey 00y jou 8§ abeuwg o), o/ ) esye
{
¢ 2151007161 « 2YSAOWIGL - TIE)Nq
! 215100316, - ZJROM
! 2yst{003hL = MM
¢ 315moRI6L = mox
! (prd(oDn ‘ZISTONWAL ‘ZiISmodIfL ‘tun[oo ‘mox ‘abewp) duesumop
! 21S10J10LL - MO0 - PPYIOD
r {(zys10036L ‘3iSmoIfy ‘tnm[oo0 ‘M0l
#U\PGY = ZJST0DIBL ‘PGY - TISAONIRL ‘PGY = MIMOO ‘pGYy = mna,) Jiujad
/e SAbomy o/ ‘e e (p / vamoo) = 215100161
/e UNTSUMIIP UDAD KPIAU TdED o/ ‘g e (y/ m1) ~ 315A0H 6L
) C vzot o TIS -¢ 2I8INQ ) )§
/s ¥ Aq 3y ejduesusop ablrey ooy 8 obruy ayy )1 o/

t (dj) asoyng
r (218 ‘L u\prax s23Aq py. ) J3ufid
(( dy ‘zysjnq ‘Y ‘obemj) peas) ) - 218
' (.3, ‘l11aB1w )} undo) - d)
/e abvay uy peay o/

NN 00 AT = T8RN
f WO - X001
‘TIS - T1SWIg

fhmnyooy ‘,ps. ‘(e]abiv) Jueoss
(mo1y ‘Pt ' lelabie) Jueons
/e Wi§ 0y azye abew) Indup 113AUN) o/

t

f (thxa

! C gsn ‘11apys ) Jmgidy
) ( ¢ =y ohte ) 3y

e T1VOCYETN] o/ ¢ lTSU{60TInbemy aenn poufisim o) 3R

/e UaAR abeng Ay Jo FUOISUMBYP
o) buyyem 1a93)e sahq aredg o/ ! ped1on
/e 83ZfF (0 3 Aol fay yahael 4/ ¢ zISToNAL 1 ziSeoq6L

/e Fuy 06303 Jo m1ajutod 0 9 moy o/ Cjonyhy ¢ mMbyL

‘2|8

/e 0 P | 10q 10) 1031 10%0p B11d o/ o ]
t obvg AD:GY LAGL NIV 9 91 m1AWN HOO) VNS 000nsH

Ja Gwirgzapnaxgd; prsne gn v o/ .
/e (Hamy/ ) oagrg v sproosary o/ .
Je Fay 1oy po R B RLIU BN TERR Y Ky 4 '

(Huardog, T

)

/s (1P0 uy shuynys 3aeaey) o/ t [Jabre, 1Y)

/e 11PO Uy shie jo 1oxpinw o/ ¢ obie |

(ab1e ’0obie) uyem e

‘215%149 wraix

/e

8y0T  JQWXYH aut jepy

tis z1sin suyjapy

: 11161 AN )14 X ] U} )3pH
"8Y0T X BIOT SUOTRUANIP JURIRUOD Jo s3Hewr) UOIINA PIO YA BEN 104 :933{0SQ0 «/]
WU\ S[0)01S SMONOIS obewyabiv), abewjaoinos OX1d.  FONSH sujjape
aty epnjouy

oypis apnjout g

\CCICIICIIOIIIIIII.IIIIIC.IIIII'ICIIIIIIIIIIIIIII..-.IIIII.II...IICI..I.-.I

R “(ANNS Aq popraoad se) 1)) Jopeay v wo1)
FAM{O) JO WMN ‘EA0H JO N ‘PeNR T3 INdIN0 SPEII Yorya ‘Inq
‘buiyy FmPE 2Y) S0P PR D ODXIA pAareu amwaboid Ia|0ue 8] UMl @'N

SIMMOD JO 1P SA0T JO I3qIU 9] }AdU 3113PLIo OXId §

‘voy3d{Iosep aumwibosd
oYy uj pIIOSep FR aweu paj)ioads 8y Jo e[y pIoOaL gaoﬁ--eﬂu. v
ERE Lo LU ¢

SM0) JO W ‘SMny JO UNN ‘aweNa[TdIndIng ‘owenNa| i Indu]
: r19yawered p Induj sv fayey sumeiboid syyL
T

*(14yD Aq peiynbai

se) eHvw] POUCTEUIMTP UaAd uP PIATA O) pouepl) S§ Abrwy Jueynsar oyy
‘bujbesoae ojjaumpyIe

atduye Hbuyen powtojied ey bujjdursumop oyp “(g.r) INOJ Jo 1030%) v Aq
petdwesunop €1 17 ‘etfe o] e1igH G 'Q uUvy)y aabie| sy obewy feuibyro aypy 3t
"StNod Jo 1ammu oq (1A Yibuaj prooas eyl

"£311] n1ooar Ihuat paxy) 0) §3()) wearls 11aA000 (I8 weaboxd syl

: voyydjrosaq

: 9yeg
: Aq pATITPOH I8%7

YItws aaa1s Aq D (rIX1A wOI) POYJIPON
(861 1114V ¢ : eyeq ¥anp syouesy : Ag
ANV HINJ o-bxy}
uebyyoyn ‘r10q1y uvLY
WPhP O IR JO 2NN ISUT YoIRasay [eymmsalfaul 9get Mbirhdon

acc-a-uccla-..cnlﬂlcnIiﬁlqi.q.qlltqlcnllccl..l..ﬂ.....lliccull!.ICCI'-Ilul\

1 abeg 8O:ST [B61 HAV 9 01¢D OX14{HDd 820] : TVAI$0000SH |

98




© prhan oyt (FRATAG U P wmr C 1IMORDISE T L IAORngG
I Cnove qp ) opaym C oo 2 zisoaby, ) 0o g-fon) 10}
Je So4Aq Dupupensay Jo gteys oy 1 njog «/ ol - hao gl } Cmargy 2 zismoqaby, ) a0 g-mn3 ) 10}
Jeo WEWNODB v i Dovds AN mon o) i) o/ Coang . s gl Copean)  ZISIOIS - ZiS(00by
t T e (p/71SMM018) - ZiSAnNRIDL
fo(asngl v ! abewy < mogiby,
o wsn q CLu\indno qJou gnjAg py 100D Do eo pagra, ¢ afivw] - moONOIS
Crropy ) _._:._:
)} (zasa pug de)uewuyabhy ) gy ¢ 215m0yg1by
fOFIN - g d /e OHBNT Y JO UNFSUMIEP (PRINAAD DY), o/ ‘ zystod1hg '
/e (o215 o) prooar 3sey ped 03 aavp o/ ] (e q ) gy /s S100 pue sang Jo yoriy dony ap o/ ‘oo ' mna Uy
{ ! aoibLe 2P poubysun
‘ot s d ! 01 - uwot q /v abuuty 20IMOS MY JO SAOY o/ ! MOROSSe anp poubysun
{ )
{ (ASIVY) vanyas /e VanD abewy a4y jo
*(umvr q ‘L \VIRL £aAq Py ‘A1IA uo HOHNA 18V )IA, C110paR) pugidy sunjrumsyp oy Hbujyrw 193)e mo..ha oseds o/ ! pedlod k1]
) o> o1 ) gy ! 21S{0001§ Juy
¢ (zyes ‘qd ‘p)) ayjaAn. - O2 /e SUNysUIMp abewy 201005 o/ ! zTISmOYo1s oy .
) (2151 -¢ X q) B{IYA /o obeury ayy o/ ! obewje 1P poubysury
(PPaIod ‘2IS1O003S ‘I1SMOUDIS ‘abvay) ueazateR R1) ]
/e P21S prooas jo Adoo sasjboy «/ ! ZY5001 - 29X /s
/e DPTIIPIIFUY ‘uMfaA aq 03 Bujujeunr 63148 o/ teoqaawmrq 1 e ————— .
/e BlqPIIPA 1015621 Ul 1)) 0y 13d ¥ o/ t nqd - qd uPAd suoisuaip ebvey a3 sOYeH UIAZOATN .
e ST E PP ¥ 4
Ve 215001 3 wnr q Jy prooalr 1se] Adoo o) pasp «//0a1 qds ‘610 qd,
/e 12)jinq 0y 193uj0d 19181698 o/ ¢ adsy 3RO pomibyEim ua.a_?:j t
/e 333300 w01} UBIJIA aq Oy Bujuyeuns £03Ag o/ f w1 q i
/v 2js0a1 jo Adno amsybay o/ ‘27181 ¢ { peAI0Dd 4 TYISI0D01S | -4 gaowdls
/o I 3no ga3AqR ‘T1PO DIFIM UNI] APOD UINIAY o/ ‘ o1 Wy 19r1603 t ( pedlod ¢ 2ISIOD0IS ) -4 [MmO¥OIS
J {
/e I 2111A 01 €334 jo 1aquau 1o/ ! sa¥hq wy !y / g = ymouIble
/e PYTIA UT ASH O) BPIOOAL JO BZIF - 1 o/ ! 16021 Y ! (4eLMONDISe ¢ 14TAONDISE ¢ E[MOHOTSe ¢ 241MONOISe (FUT)) - wme
/s Wdno aq 03 I@AJINq oy Mg - 1 o/ ¢t g d, 10y paubdsury )} ( 1004 ! 2ISIOOWBY ) (00 ! Q=100) 20}
/e« 103dy3059p 8y} 1 o/ ' py My ) ( An14s ¢ TISAORIBL ) MO2 ! g-moa ) IO} o
/e 323)0 @311m O} PALIP] ‘ISING o/ ! pbew] - moyiby oS
/e B1PIA [NJSER0ONE ‘FAHL - OW o/ . ! 3YS10001s ¢+ abrw] - groNdIS
( sajkq ‘zysoas ‘v d ‘p3 ) jerfin g ! obvw] - [AOYOIS
/e
g /s €100 puw sm01 Jo xoe1) daay ol «/ f 0o ‘' mO2
sprooas by pax() ‘ary) oy 1agpnq sndino )AVIIA . /e ®bviaae sy 9ye) Of o/ ¢t wme uy
BN e e e e e el 4 ! mogyble 2vyo poubysun
{ /s obew] 801INOS OYy JO EMOY o/ ! gANYD1Ss ‘' [MONDISe 2010 poubjsury
f (pjluimia: H
t ( bye ‘sre ‘' xyj-mji, ‘, 33y’ yqo-do), ‘g ‘Fweuj ) vaio - pj /e UoAD ohewj a4y Jo
¢ 2w/ (1-21SW184927193) ‘,py-bie, ‘bie } jyuyrds suojsuanp o) bujyrw 131je £a3Aq BSreds o/ f pediod ug
¢ { zysoa1 ‘,py-srm, ‘sre ) jauyrds ! 2151008 vy
/e suwojsusyp obemy 3obiey o/ ¢ z1smou by uy
/e 39910 03 {1ed ‘A3juenb vojiesolv o/ f for)bive ! TIS10001S uy
/e 1°A10 O} {{eD ‘ATi8 PICOIL wEvMXTY o/ ‘tor)sie Iy poubjsurny /e svojsusmip obew] ©01InNOS o/ f TYySMOYDIS ug
/e powInyal1 ‘abvuy 03y 103d{1089p Q{14 o/ ! p) g /e obwa}] o3 o/ ! obrwje 10y poubjsun
) (pedfod ‘zy1STo0IRL, ‘21SAOMIBL ‘21S10D01S ‘TISmoyols ‘ebewy) dwvsumop wy
/e 3[J] u} €93An JO 2aqpuwu - | o/ ! ozyw}) /e
/e pirovar 1ad s3jdq Jo 1aumu 1 o/ ! 238091 uy e e e e e e .
/e POIPAIO DQ 0O) AL]J JO vy .} o/ I e AV pnHysny % Aq obvwy ue satduvsumng dwesumop .
/e 110 o0 w1y modjsap ey - M/ | | eeeeeemmee—ees U SO Uy RS —/
(AziR]‘ZIRODI'AMPU)) JIPRID g
/v t
T et Y | ¢ (p)) esoId
SPINOAT PAX(] YI1IA B1]) FRIPaI) JionId . ]
e e - - : e e o/ e
t {p3) ®sOYD
{ ! { {r)abre ‘ u\sy wo PafP) 211 ‘pAx(], ‘119pIs ) Jujady
1 ) € 1. == (zyspna ‘zysoaz ‘ebewy ‘P) ) Ja31Ia ) )Y
¢ PPATO) =4 AONDIS * (0 ‘0 'PJ) w9991
¥ abeq 80:G1 LAGT HdV- ) 911D OXIAIHDA U0  ININI$000ISH € obeqg 80:G1 (B61-N4V 9 9172 'Ox14 (D4 ¥20) : IVNA$000ISH




¢ abvy

A0S LA61 WV 9

¢ (anKy) wmiea

f
! (ASINd) wimyaz

£ (w1 q ' N\ RAYAQ Py ‘PIODSRT ISPl 00 HOWNA ‘JAITIA,,

‘11apys ) jujadj
J Loy oax )y
¢ (nq d) 130

¢ (2181 ‘nq’d ‘p}) @IfAm ~ O3

9t A.‘ud:m.:.,&...uw_..l:a»osuwz

{

100




COMIMITY MY . TN
g « (7/m001) & ROt

-
Oy Ctmton Anr ‘aleay ) uoaayey
Je PO T StaAmod Jo 1apng agl, o/ | { gelr/tnmpon) < wmmpon ) gy

, o/ ) asta
(

Crystioobt o TismouIhy - ZISING

fzisionbyg - zpsoat

Crysodhy - mmpon

*zismogihy - Aos

¢ (ped10) ‘ZISIONAL “ZIsmonifL, Cinmpod ‘mor ‘abewg ) duesusop

! IS0 W0Ler - WM -« peRiO)

¢ (zysiomfg ‘zismogibl ‘tmtoo ‘ang

SINPGY = ZISTODMWAL ‘PG = ZISAOYIRL PGy - tAm0D ‘pGy - A0, ) Jiujad

/e sobowy o/ ‘g« (p / mmpoo) - 2y51000164

/e HOISIEMIIP UDAD PN 10D o/ ‘g e (0 / m1) « 2gsmoyIfy,
1 € veot « E1S ¢ TESING ) 3y

/e ¥ Aq 1} erdwesumop abiep ooy §1 Abewy Ay 1 /]

¢ {dj) esoyo)
t { zys ‘', u\peax sai1hq py, )} Jrujid
(O dy ‘zysynq ‘| ‘abewy) pealy ) - Tys
! (.1, ‘lt)abae ) vado) - d)
/s whvmy uy peay o/

A |CO4A0T = 2SN
¢ WMOD = TYRINIL
gIs = 3ISYIN
! (vamjoo ‘mo3 ‘ewvualyjIno
‘W\PY - B[OD ! Py - sy ! By 017} IndIng,) JIuyad
f (WMo0Y ‘, Py Aey Eoy B}, ‘BUI[UJ) JueIsE
¢ (dy ‘gog ‘aaptug) sjeb)
! (AD1Y ' ,py Bey Se} Hey, ‘Oujuy) juwoss
/s sID|cumMnip 3bvay ey) VIPINO o/
! (dy ‘geg ‘eujiuy) 81ab)
! (Jmy , ‘aweuagpjIno)vorie
¢ (aureuajyyIno ‘,.ey, ‘Iujjuy) juvoss
¢ (du ‘¢gg ‘sujtuy) rybH}
! (.1, ‘[r)abae)uadny - dy
/e OUIT 19pvay oyl «/

/e abomy ndino oYy J0} PN o/

L)
* { aovsn ‘119pIw ) Jaupad)
) (g -1 ofae ) g

fo 1U800V6TNE o/ ¢ (rSiisoTiobrug aeyn paubysum uScL

! {qglemwuagyjino
* Issrlauptug i
/s uaaa abrurg ayy jo snjsummip
oY) Bujyem 15931)e ra3Aq ereds o/ ! peaiod
/e $9218 (oo 3 mn1 by yabreg o/ ¢ Z1STODWRL ¢ TySmoyby

/e fany jabiey jo s1aquiod 0D ¥ MY o/ tomby o sonabhy
‘zy9

/s 0 pue 1 g0 10} 10ndi10s9p O(14 o/ )
/s (oupy/staxjd) pioar jo azis «/ R SLAET

/s (Pug/eaupy) aggy vy sp1co1g o/ ! onrmu

/e fan] 303 pOIPIOLIP 1IDJJNG JO FZIS o/ ' RIRINq
‘U 00

T abeq 0151 £A6T WAV 9 01’2 OXIALIHDA 80D IVINI$000SH

‘AT ) nr

/e toquyesl agrg sopemy o/ ¢ dye
.._—-
‘{Yuwlog . Ina
|
/e 11PD Ut shNTIYS 23 0PIPY) o/ ! |jabav, Jey;
Je 1IPD W1 5HI® JO 1wpimw o/ ! ohre uy
{abhie ‘ohie) uivw My
‘ZISHe u1a)
/s
a0t  JOUXVH auy)sp
tis 215w Buj)ap
%0z  Widqud ouy jap
"RY0T X RI0L FUOjSUANEP YIPISUOD Jo Sabewy VOIIY3 PO YIIA ISN 103 :9I1B[OSQ0
#U\B{ ]} 1apeap abrulaoinos OX14.  3OVSN euyjop
a11) apnyouj
oypie spniouy

\.IC.C.I.III.IC.Il......l.l.l.lll.ltll....IIlIC.IIl.llllI..C....IIII.lI..l.
2'0r1a s} sumwiboid jeyy
‘gyusmnbie 1101 1dxe ge SUNN{OO JO 13EU By} PUP EA01 JO JOqUNU 9} ‘Sumu
a11) WndIno 9y) FOxP) Yoy ouwvibord ST} JO VOIBISA IOYJOUR 8] BIayl ‘@'N

SUM {00~ JO 13(MNU §A0I° JOTI9quNY Bfj)madu o1])plo ODXIA ¢

ANNS Aq papiacid o] Jepeay @y U] INEIO) I ) STYL
oll " |oweuobrwy| swreu oyy
1eaq (11n obrwy Juel(nsal.ayl " (mweu o4y buymoitoj
.. I0U8) volsUa I INOYITA abeury a1 JO sweu o) 6] [(cuvuabew]] o1y
1M (SUaNoD J)O 2NN
t01L smO¥ JO IOQUEWN
(owvuobew |
. :yem1oj Hutmog o) o
JO Q1] 19peay ¥ JO muPy 9} S| pUDOAS ay) pue ‘o] obvuy weollw oy
JO WU A} S NI} BILL CSANPL 81]) ony ‘ynduy ke saye) swreaboird oyl
nduj

“(14¥D Aq porynber

cv) abew] PAVOIRUASIP UIABG ue plafA 03 pammyI) €] ebvw] JuLIINSIT YL
‘buybeiraae ojyamnjav

ojdrjs bujen pamiojsed g7 Hujiduwsunop syl "(Lef) InOJ Jo 3030vj ® Aq
porduesunop By 3] ‘0318 Uy BYAgH § 0 uey) rabiwy sy ebewy jruibirzo oy Pt
‘FMoo Jo 3aqunu 9q (i Yibual prooas eyl

‘FAT) N100IX YIHUD] PANf] O) E8[]) WPA1IS 313AU0O [[IA wwiboird syl

: w0y 3d1a1088Gg

T eyeq
: Aq paT)IPOH I5e)

Miyws 8am1s Aq D (@X13 W0I) PO IPOM

zanl) sjouriyg : Ag
o bbxy)

a6t t11dv ¢ ¢ eieq
ANV HIN3

ueh oW ‘10q1y LUy
urh O IW JO AT ISUL Yoreasay (v iuammijang 9aet 1ubtahdoo
Il.ll’lll.lllllIICII..IIICIIICIIIQIIIII.‘ICIIII.IIII.l...lll'l....l.l...l.\

0172 00X 14 1HDI "¥I0) * 1¥NA$0000SH |

| abeg ] 01°ST (861 U4V 9

101




(uray a  uN ey catAg py

/e DZIS proant jo Adon ragsifay
/e DZLIPIIUY ‘uayyraa ) o) bujuivuent soqAg
/e dPLIvA sihor at 10y ng o)

« 215001 )y wesr q 1y preoar asep Adaa oy pag
/e 12)Jxg oy 103ujod 1y hoy

/e 1D W] UYL e D 0y bugugeuns sayAg
/o TYs0aY Jo Adon 1mysyihoy

o Ao 823408 1P AT IR BI] APAO HINOY

/e YO 33j1m 0) §33)Aq JO IMpmu 1
/e @YJIM UJ DEN O) SPIOOIT JO AZYS 1
/e WdIno aq oy 1aginq o) xayujod ]
/e 10hdy10sap agyy 1

/e IRLINQ 2)[I8 O} pO{JP) ‘FSTINA
/e PVTIM [NJESIOONE

/e
/e

I®a10 03 [1vd ‘Ayjwenb voyenor (v
1010 0 ([P0 ‘AZIS PIOOAT WIRE)XPH

/e pouINIar ‘abeny oy aoydysosap arid
/e @11) uy sajhq jo zoquu - |

/s p1rooar 1ad sarhq jJo 1aqumu 1

/s pOIPATIO B O} B(}§) jJo awen . |

/e T1PD ®a10 wn1) 103dy1059p Q) oM

! ped

/s obwup ;) Jo uojRuTIUIp (enjuaaa Myl
/e SLOO pue RA0T Jo xoviy daay nl,

/v PhoNy AnTog ayy Jo sy

v obeg OL:SE LBGL MV 9

rv:lm.:..‘-a.n._ ‘qn:.: ‘al1) om ..:.:3 sndino

1
C(aa ) o
BRE R LU R R A N LT Y ....—;::.:_..:
) Coy o)
C(zear cqd Cpg) gm0
} (Zyar - ukrr ) apyym
o/ ¢ 2)5091 - ZYRT
¥4 oA - w01 q
nd v o/ g d oo gl
/001 qlg ‘Fro qd,
o/ fly  veyn peubysim aagzshal
o/ ‘Wt q
o/ ' 281
o/ ‘o1 Juyp 1aysybal
)
o/ ¢ FaAq Wy
o/ [ STREY g
o/ ¢ iy dy 100 paubjsm
./ A ) } wy
o/
‘AML - M o/
( sayAq ‘28001 ‘Jnqd ‘p) ) )pIA yuy
/s
e e
19 In .
S - o/
(

t Cbre ‘sro ‘, xjjanr, ‘,Jayaqo-doy, ‘g ‘euwuj ) w1 - pj
¢ C s/l Tiswmaziey) ‘. py-bre, ‘bie ) jrujids
¢t { zysoas

o/
o/
o/

o/
o/
o/
o/

(a2

av..x.au pexXy) A ATI} FAIPAI)

" s

( (oo * ZIS1O0NRL ) 100 1 0=10) 10)
) ( Aangy ¢ Z1SARL ) AOT f g-Ant ) 10)

100

v e (g/215M015) = 31SANINL

¢ apseomifi
o/ * zpstooby
o/ f  mog ng
¢ mghle ety pasf sy
o/ I MOWIIG, o panih sy

t (pjlumiaar

‘Py-fre, ‘giw ) Jyujrds
t lotibye
‘joelere  aep peubieury
‘e uy
)
! azyF}
‘! 28031 g
f awuj, 10 pauh )Ry
J1R]‘3I50A1 ‘tureu]) Jrearn g
/e
e e e e a
Jvaro -
- e el
|
!

f PPAIND =4 MOYO1IS
1MORDISe = 110N IBLe

TIS[0001§ = FISIIBL

t ofiowy - moNVhy
! abvw) - mONDIS

oL D OOXTAHOA MO INK18000.9SH

-y A N AN e Em o s W™
]

/e UaAn Dhowy gy jo

cucgaentp wgy Gugyew Bpye g atedg o/ MR 114%] Wy
‘215100018 ny
Je swnopsimpp obhemy Adnog o/ ! ZYSMONNIS ue

/s pbhvmy ) o/ ¢ abewmy, 10y pathjsuny

(pPa1) ‘21800018 ‘ZigaoRnas ‘abemy) uaalanen ut
Rl
oL . - e e — .
UaAD BUofsumIp ahvwy an) sayel UDAZINPH .
S Yy
(
{
' ( PPALOD 4 TIS[OJ0IS )} -« TMOWOIS
! ( pPAIO) ¢ ZISINDOIS ) -4 [mONOIS
{
fy /s - panonible
C (IIEAONDISe ¢ SITADNDIS, 4 $4IAONDISe ¢ $4[MOUDISs (IUT)) - wne
} ( tooer f 2yS1ODWRL » 100 ! 0=100) 10)
) ( mores ! 215m046L ) MO ! Qemox ) 10}
¢ obewy - moyIby
! 2YIS10J01S ¢ BHPW] « EmOYOIS
b t obew] « [MO¥DIS
) /e S[00 puU® £m01 J0 Yoe1) 433y af ¢/ ! (o0 ’ mo1x
/e abviane ayy ey o o/ ‘ wng uy
t nowiblLe 10t poubysun
/s obpu] 80INOS @YY JO SmoN o/ ! EMOYDIG, ! [MOYOISe p{ 7] vo:o_w:_ur
/e UIAD iwqﬁh oYy jo
snisuaup o) bupyew 1a3je 3340 ervds 4/ f pediod uy
! zys10016y uy
/e suojsuanip abeuy 19b1ey o/ ! zysroNIBY vy
! 2y§100018 uy
/+ SUOISUINP nhew] 3005 o/ ! 21SMOYWDIS g
/e obhvay oy o/ ! obewye Ieyo poubjsury
(pediod ‘21SIO0VBL ‘ZYISmoNIBL ‘215100018 ‘31SmoNo1s ‘ebruy) deresumop w.:
.
............................................................. °
¥ Aq ebvuy ue sajduesug duesumop .
.............................................................. o/
(
¢ {p)) asoro
{
! (1)ape
t (p)) esoyo
¢ (g)afue ‘ u\py uo pajfe] DITIA ‘PAX|], ‘119P1S )} JIUtId)
) ( - == (zy8)nq ‘Tysoax ‘obewy ‘p} ) JO31IA ) )
- * (0 ‘0_'P)) y~a8Y
) /e ®11] prooal yIbuat paxy) 9ITIM ¢/
{
f (iyxe
( U D ‘L, U\BY UO Pa[fr] OIPIID ‘paxi], ‘119p1S ) Jaujad}
} (1 == ( (z2y8)nq ‘zysnar ‘eweuniijino) 31va10 -« pi) ) 3% ¥
/e (p) sy swInyaz INAND) 2113 pIooas nbuay paxy) eyeard 4
{
|
! N0 ¢ A0T = 25N
/e UDAD S| KAOT JO INPRNI M) BIMS AYPH o/ ' e (B/M1) = A01
) osyo
{

¢ abeg 01:ST (R61 AV 9

01D OOX1AIHDd  ¥30) : IVna$000ISH

102




t
f (anWL) umias
{
{
! (asTVe) umyas
t (w1 q ‘. U\1)91 803kq Py ‘PIOORI IV VO HOWNI ‘)I3ViAm,
‘3319pys ) Juysd)
1 Codyor) g
¢ (pnq d) ees}o
¢ (zyex ‘Jnq d ‘pj) ayrIA - O1F
1
¢ 33610 Wy - 24091 qde f —_EI T q
- ) {wasTa ) egjun
/e £23Aq bujujven: JO 1PN O} IAjOd o/ t qd -« 610 qd
/s wmnab w1} aoedr 12330 A O} 1DUTOY o/ t 3nqd - o1 qd
{
! (3STV¥s) umias
¢ (was q o\ I In0 Jou §214qQ Py ‘10118 DOj{ED ‘eI,
‘230pys ) )iuyad)
) ( (z151’)nq dy)waneb) )} J§
! TN ~ ynq d
/e (72186 ppo) prooas arel ped oy aaey o/ } Cemaq ) 3y
{
‘o1 waqd ! O3 «. WX Q
g abey 01'GT (P61 ¥V 9 o...w 3—:«_:.& uuo..._cagcoumz,‘

103




I

1 abry

¥8€ 9% azls
oxyy AL L oY)
o TORINOO N THNVD

o3

S0P K 1] XYA [9°%1°97 [AGT ¥VH (1. JIN3O)

9F LV (B6T HVH Al KL (X 1A RDE  %00) © IVx1$00005H

104




Appendix D

Processing Stages

105




106




Processing Description

The frst image shows the original grey-level image displayed in grey tones.
To threshold this image, a threshold level is determined by fltering out the
high-frequency address information with a morphological operation to give
an approximation to the background, and subtracting this background fom
the original image. The resultant image possesses only foreground (address)
information (the second image). The third image shows this threshoided
image. To determine address lines, a line density image is created—all pixels
in the thresholded image are shifted to the right, and the resultant peaks
are separated to give line locations, as shown in the fourth image. The
red bar at the right is used to separate peaks from eachother. Five lines
are detected in this image: the name, title, and business lines (not shown),
the 1800 Boeing Drive W line, and the [tasca, Illinots 60143 line. The
4f:h image shows the last address line. As a simplistic first guess. the ZIP
Code is assumed to be on the last line. To quickly and easily separate
characters. a the character density image is created—all pixels in the last
Line are shifted down, and the resuitant peaks are separated to give character
locations using a method similar to the line separating algorithm. The sixth
and seveath images, continuations of the fifth, show further steps in the
character segmentation algorithm. The result of the separation algorithm.
along with concavity features of the lastline, are shown on the very bottom of
the seventh image. The eighth image shows an enlargement of the separated
ZIP Code block with colored concavity features.
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