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This report describes the continued development and testing of a system for contextual
analvsis of machine printed address block images. The system receives a binaryv image
of the address block (location of the address block is not a part of this work) and
then: 1) segments the image into lines, words, and characters with multiple hypotheses,
2) assigns class confidence to each character hypothesis using neural networks, 3)
locates, reads, and reconciles the city name and ZIP code, 4) parses the address block
using keyword recognition, 5) if a PO Box is found, reads the box number and verifies
it against the postal directory, otherwise, 6) forms a street name lexicon based on
contextual information, including number of street name words, word lengths, recognition
of suffix and directionals, and the ZIP code, 7) forms an additional street name lexicor
based on partial recognition of the street words, 8) uses word recognition within these
lexicons to rank street name hypotheses, 9)retrieves street and range records from a
postal directory, 10) matches information from the retrieved records to the fields on
the mailpiece forming 9-digit ZIP code hvpotheses, 11) applies decision logic to assign
the finest supportable depth of sort. In an end-to-end test on data selected for

OCR difficulty, using corrected LOS scoring, the system had an encode rate of 50%

(with 9.5% error) and an accept rate of B4X (with 9.37 error). This compares favorably
with an encode rate of 16.7% (with 13.6% error) and an accept rate of 617 (with 15.5%
error) achieved by the current MLOCR machine on this same dataset. 1In related tests,
the word recognition submodule performed at 967 with a lexicon size of 100, and 927
with a lexicon size of 2000. A detailed analysis of errors and rejects is included in
the report. This analvsis includes a study of patron errors. A plan for further work

is also included.

28 corm 1439, Dciover 1988
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1. INTRODUCTION

This report describes ERIM’s contextual analysis system and presents the
results of tests performed at the end of Phase III of the project.

The balance of this report briefly describes the workings of the contextual
analysis system and gives details and analysis of the test results. Section 2
gives a brief system description. Section 3 details the results of the word
verification test. Section 4 details the end to end system test results. Section 5
gives a detailed analysis of errors in the end to end system. Section 6 contains
an examination of the computation time requirements of the system. Section 7
contains an analysis of the patron errors detected in the test data. Section 8
contains a plan for Phase IVa of the project. Finally, Section 9 provides a brief
discussion and conclusions. ’




DERIM
 4mmmm—

2. SYSTEM DESCRIPTION

The major modules of the Phase III contextual analysis system are depicted in
Figure 2.1. This diagram represents the data-flow through the system. Each
module uses the results of previous modules (as shown by arrows) and also, as
results accumulate, the results from modules further back in the chain. The
word verification and database systems, not shown in the diagram, are used by
several modules in the system. The working of the each module in the end to
end system will be described briefly in the following sections.

2.1. Image Segmentation

The image segmentation module performs the following steps. Image tilt
correction, where initial tilt is determined by Hough transform. Segmentation
of the address block into lines. Segmentation of each line into words with
multiple hypotheses. Segmentation of each word into characters with multiple
hypotheses.

2.2. Fuzzy Logic City/ZIP Reader

The fuzzy logic City/ZIP reader assigns a S5 digit and/or 3 digit (city default) ZIP
code to the mailpiece. This module uses its own parsing with loose constraints
on word arrangement to locate city, state and ZIP code word images. The system
looks at each city name with a high word verification value. It then uses word
verification for all legal ZIP codes in that city to assign a ZIP code confidence.
It then assigns the ZIP code using fuzzy logic. The fuzzy logic rule returns the
ZIP code which maximizes the score of the minimum between the city name
confidence and the ZIP code confidence for each legal pair. A similar system is
also used to assign city default ZIP codes.

2.3. Address Block Parser

The address block parser uses models of address block formats to assign roles to
words in the address block image. Multiple parses are generated and ranked
according to confidence. Confidence is assigned using number versus non-
number recognition, word verification of suffix, directional, state, and other
key words.

2.4, Numeral Reading System

The numeral reading system uses neural networks to read the characters in
the ZIP code word assigned by the top ranked parse from the address block
parsing module. The module outputs a 3 and a 5 digit version for each ZIP code,
and a 9 digit version if 9 digits are present.
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Figure 2.1 - Overview of system modules.
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2.5. Query System

The query system uses the results from address block parsing to generate
queries into the database. The stireet names from records matching the queries
are verified, and ranked according to confidence. This module generates
queries from the 7 top-ranked parses. Each parse can give rise to several
alternate queries due to multiple hypotheses from word-length and key word
verification systems. The module also uses backoff rules which form more
general queries by leaving out seiected pieces of information from previously
generated queries. The output of the query and verification system is a list of
candidate street names.

2.6. Street Recognition System

The street recognition system (formerly referred to as the system 2 hypothesis
generator) represents an alternate approach to generating street name
hypotheses. The module uses its own parsing with loose word arrangement
constraints to locate potential street name word images. It then uses neural
network character recognition and a 2-out-of-4 matching criterion to select
street name words from the entire 4-SCF word list. It then queries the database
for street names containing those words and verifies and ranks street names.

2.7. PO Box Processing System

The PO Box processing system handles assignment of 9 digit codes from post
office box records. It looks at the top ranked parse from the address block
parsing system to see if it contains a post office box number. If so, it reads the
number and tries to assign a 9 digit code based on the box number, city name,
and ZIP code.

2.8. Address Block Verification 1

The address block verification 1 module tries to assign a 9 digit code based on
the top ranked street name from the query and street name verification
system. The module looks at database records containing the hypothesized
street name. Based on the number of such records it may also narrow its
search based on additional information from the query which produced the
hypothesis. The module examines fields in the database records and attempts to
match those fields to elements from the image. It generates a ranked list of
matching database records.

2.9. Address Block Verification 2

The address block verification 2 module tries to assign a 9 digit code based on
the result of the system 2 hypothesis generator. It investigates several top
ranked street names from the hypothesis list generated by system 2. As with
the address block verification 1 module, a ranked list of matching database
records is generated.
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2.10. Contextual Analysis Result Assignment

The contextual analysis result assignment system combines the results from
the two address block verification systems to arrive at a lowest expected cost 9-
digit (or § digit) ZIP code assignment. The system uses information about the
hierarchy of database records to discover cases where 2 (or more) conflicting
records match with approximately equal confidence. In these cases, the
decision passes up the hierarchy to a point where the matches are consistent.
The module also weighs the processing costs and against confidence values to
arrive at the decision with the lowest expected cost.

2.11. Final Decision Strategy

The final decision strategy integrates the output from four modules: 1) the
fuzzy logic city/ZIP reader, 2) the numeral reading system, 3) the PO box
processing system, and 4) the contextual analysis result assignment system. It
generates the final output from the end to end system. The final decision is
arrived at based on an ordering of the outputs from the various modules. At
ecach stage in the order the appropriate module is interrogated to see if
generates a certain kind of answer with acceptable high confidence. If so that
result is taken. If not, the processing passes to the next step. The order of
processing is as follows:

1) Numeral reading system generates 5 digit direct.

2) Fuzzy logic city/ZIP reader generates 5 digit direct.
3) POB system generates a 9 digit result.

4) Contextual analysis result assignment to 9 or 5 digits.
5) Fuzzy logic city/ZIP reader generates 5 digit result.
6) Fuzzy logic city/ZIP reader generates 3 digit result.
7) Numeral reading system generates 9 digit resuit.

8) Numeral reading system generates 5 digit result.

9) Numeral reading system generates 3 digit result.

10) Reject the mailpiece.
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3. WORD VERIFICATION TEST RESULTS

The word verification module assigns confidence to a given word for a given
word image. For Phase III, the word verification module system uses multiple-
hypothesis character segmentation and neural networks to assign confidence
to a given word/word-image pair.

The word verification module was tested on 1055 word images. For this test 20
lexicons varying in size from 100 10 2000 strings were used. For each lexicon
size, the results were averaged among the lexicons of that size. For the most
difficult case, a 2000 string lexicon, 91.8% of the 1055 word images had their
correct string appearing as the top ranked candidate. For lexicons of 100
strings each, the percent achieving top rank was 96.3%. The results of this test
are summarized in Table 3.1. '

Table 3.1 - Word Verification Results

L exicon Size 1 2 3 4 S 6 7 8 9 10 >10
2000 (1) 91.8 938 946 950 9527 954 954 959 959 96.1 100.0
1000 (24  93. 948 9531 95.7 96. 96.3] 96.4 969 97.21 97.3 100.0
500 (2 94. 95.9% 96. 9694 97.3% 97. 97. 97.4 97.1 97.71 100.0
200 (S 95.94 96. 97.0 97.4 97d 97. 97. 98.04 98.11 98.23 100.0
100 (103  96.3 97. 97.8] 98.00 982 98.3] 98. 98.§ 98.5 98.4 100.0

The character segmentation module presents the word verification module
with multiple segmentations of the word image into characters. These word
segmentations are generally of different lengths. We can use the average of
these lengths as an estimation of word length. Table 3.2 shows the percentage
of word images whose true length differs from this estimate by a specified
amount.

Table 3.2 - Word Length Estimation Results

Correct 29.0
Off by One (1) 52.9
Off by Two (£2) 16.5
Off by Three (+3) 1.3

Of the 1055 word images, 6, or 0.57%, resulted in segmentations where the
correct length was not among the ones generated by the character
segmentation module.

The following three tables show the word verification results broken down by
image sortation category (5, 9, or R). The cardinality shown with each table
gives the number of word images falling into the category.
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Table 3.3 - SET 5 (Cardinality: 642)

| exicon Size] 1 2 1 31 4 5 6 7 8 9 10 | >10
2000 (1) 949 964 974 97.94 97.4 980F 9800 983 983 98.4 100.0
1000(2) 96 97.3% 9771 98.1] 984 9874 98& 989 99.1 99.1f 100.0
SO0(2Y 969 98.3% 985 98.8 99. 99.1f 99.4 994 99.2] 99.4 100.0
200 (S 97.9 98.8 99.00 99. 99.% 99.4 994 994 9924 99.24 100.0
10010 984 99.d 9921 994 992 99.3 99.3 99.34 99.3 99.3 100.0

Table 3.4 - SET 9 (Cardinality: 80)

[_exicon Size 1 2 3 4 5 6 7 8 9 10 >10

2000 (1) 95.00 95.0 9500 95.0 9500 95084 950 95.0 9500 95.0 100.0

1000 (21 95.04 950 9508 950 950 95. 95.4 95.4 963 96.3 100.0
S00(2Y 9500 95.4 9568 956 96.3 96. 96.3% 96.3 96.3 96.3 100.0
200 (SN 953 96.04 9600 9600 96.3 963 96.% 963 963 96.3 100.0
100 (10) 95.4 96.1] 963 963 96.3 964 969 969 97.00 97.11 100.0

Table 3.5 - SET R (Cardinality: 333)

[exicon Size] 1 2 3 4 5 6 { 7 8 9 10 | >10

2000 (1 853 884 894 901l 90714 913 91.3 914 91.6 91.9 100.0

1000 (21 8771 899 90.71 91.4 91.7 919 924 93.43 938 941 100.0
SOO(2X 89.9 91.3 9231 93.7] 9404 94.1 94.4 949 95.06 95.0 100.0
20005 91.1 9394 944 94.8 9511 955 959 96.% 96.54 96.4 100.0
100 (10 923 94.§ 9594 96.1 96.8% 9671 969 97.1 97.21 97.3 100.0

The following tables show the word verification results broken down by word
case.

Table 3.6 - UPPER-CASE (Cardinality: 631)

| _exicon Size] 1 2 3] 4 5 6 7] 8 9 10 | >10
2000 (1)) 9271 94.d 954 959 960 964 964 96.7 9671 96.8 100.0
1000 (2] 94.3 957 9631 96.4 967 968 97.3 97.94 98.04 98.2 100.0
S00(2) 953 968 9731 979 982 983 983 984 984 98.4 100.0
200(SY 964 97.4 982 984 9894 984 987 989 989 99.0 100.0
100104 97.)] 98.3 98.71 98.8 99.d 99.00 99.1 99.1 99.1] 99.24 100.0
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Table 3.7 - MIXED-CASE (Cardinality: 424)

exicon Size 1 2 3 4 S 6 7 8 9 10 >10
2000 (I 90.d 9271 934 934 9394 946 94 948 948 9534 100.
1000 (21 92.1] 934 938 944 95.08 954 954 959 960 96.0 100.0
500 (2% 93.(0 94. 94.9 95, 959 959 96.)] 963 963 96.3 100.0
200 (5 94.4 9S. 95.8 96.1] 96.3 9654 96. 96.81 969 969 100.0
100 (10 95.00 96.08 96.4 967 969 97.11 974 97.4 975 97.4 1000

The following tables show the word verification results broken down by word
length.

Table 3.8 - LENGTH 2 (Cardinality: 122)

I_exicon Size 1 2 3 4 S 6 7 8 9 10 >10

2000 (1Y  77.9%  83. 8771 893 902 9100 91.0 91. 9100 91.8 1000

1000 (24 834 889 89.8] 9068 914 91.8 93.00 943 959 96.71 100.0
SO0 (2%  86.11 91.08 93. 9s.l 96.3 9671 97.11 984 988 988 100.0
200( S 89.8 954 97.0f 984 98.4 989 99. 99.71 99.8 100.00 100.0
100 (10 93. 97.9 99.1] 99.d 99. 999 999 100.d 100.08 100.04 100.G

Table 3.9 - L[ENGTH 3 (Cardinality: 80)

exicon Size 1 2 3 4 5 6 7 8 9 10 >10
2000 (IX 92.§ 93.8 93 96.3 963 97.5 97.% 9871 98.71 98.71 100.0
1000 (24 93.1] 9500 97. 98.11 9871 987 994 994 100.04 100.04 100.0
500 (2 95.00 969 969 10000 100.0 100.00 100.00 100.00 100.04 100.00 100.0
200 (S 97.3 99.54 99.8 100.00 100.4 100.00 100.0 100.0 100.00 100.0 100.0
100 (100  98.3 99.& 100.00 100.0 100.00 100.08 100.00 100.04 100.04 100.3 100.0

Table 3.10 - LENGTH 4 (Cardinality: 202)

I_exicon Size 1 2 3 4 5 6 7 8 9 10 >10
200010 90.d 93.1 94 9411 9411 944 944 944 944 94.4 1000
1000 (20 93.1] 94.1] 943 948 948 95. 95. 95. 96.00 96.0 100.0

SO0 (24 93.& 953 959 9594 9604 9600 9604 960 960 96.0 100.0
200 (5K 94.71 9571 95.8 95. 96.00 9624 96. 96.4 96.5 96.§ 100.0
100 (100 949 959 962 963 9694 967 969 9724 9731 97.3 100.9
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Table 3.11 - LENGTH 5 (Cardinality: 168)

[_exicon Size 1 2 3 4 5 6 7 8 9 10 >10
2000 (1)) 944 97.4d 97.64 97.4 97.4 982 982 98.8&% 988 98.8§ 100.0
1000 (24 96.1 97.3 979 982 98.94 98.8 988 99.1 99.1 99.1 100.0

500 (20 97.00 98.24 98.8 99.4 99. 99.4] 99. 99. 994 99. 100.0
200 (S 98.01 99.0 99.3 99.3 99.4 994 994 994 994 99.4 100.0
100 (100 98.71 99.4 993 99.4 99.4 994 99.4 994 99.4 99.4 100.0
Table 3.12 - LENGTH 6 (Cardinality: 157)
exicon Size 1 2 3 4 5 6 7 8 9 | 10 | >10
2000 (1Y 934 934 934 93.4 934 943 943 94.3 94.3 94.3 100.0
1000 (2] 93.4 934 936 939 939 946 949 954 955 95§ 1000
S00 (21 939 943 946 949 9527 952 95.4 954 95.5 95.§ 100.0
200 (S 943 954 954 95. 95,9 955 95.94 95.%F 959 96.1] 100.0
100 10 94.9 954 958 959 9600 962 96. 96.4 96.8 96.§ 100.0
Table 3.13 - LENGTH 7 (Cardinality: 161)

[_exicon Size 1 | 2 3 4 5 6 7 8 9 10 >10
2000 (1) 94.4 95 957 95741 9541 9571 951 963 963 9694 1000
1000 (24 95. 95.71 95.71 96.% 969 96. 969 969 969 969 100.0

500 (2 95.1 964 964 968 9694 969 97.2 97.8 97.4 97.94 100.0

200 (5% 96.00 96. 96.81 97.11 97. 97.8 98.1 9894 985 98.4 100.0

100100 96.d 97.3 975 98.1] 98.d 987 987 988 988 988 100.0
Table 3.14 - LENGTH 8 (Cardinality: 74)

| exicon Size 1 2 3 4 5 6 7 8 9 10 >10
2000 (1§  98.4 100.00 100.00 100.00 100.0f 100.0{ 100.00 100.00 100.00 100.00 100.0
1000 (2% 98.4 100.04 100. 100.d 1000 10000 1000 100.0 100.0y 100.00 100.0

S00 (2% 99.3% 100.00 100.00 100.00 100.00 100.0{ 100.0 100.00 100.00 100.0 100.0
200 (5S4  99.71 1000 100.8 100.0 100.0 100.0{ 100.00 100.00 100.00 10004 100.0
100 (104 100.00 100.04 100.0f 100.00 100.00 100.0{ 100.04 100.(0 100.04 100.0 100.0
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Table 3.15 - LENGTH 9 (Cardinality: 51)

f_exicon Size 1 2 3 4 5 6 7 8 9 10 >10
2000 (1y 96.1] 98.0 98.00 98.( 98.00 9801 98.00 980 98.0 98.0d 100.0
1000 (2% 96.1 98.00 98.00 98.04 98.00 98. 98.4 98.04 98.0 98.0 100.0

SO0(2) 98.00 98.04 9800 98.0 9800 980 980 980 980 98.04 100.0

200 (5 98.G 98.00 980 98.a 98.04 9¢. 98.00 98.04 98.0¢ 98.00 100.0

100 (10 o8.00 98.0 9800 98.00 984 9924 994 994 994 99.4 100.0
Table 3.16 - LENGTH 10 (Cardinality: 33)

I_exicon Size 1 2 3 4 5 6 7 8 9 10 >10
2000 (1Y 90.9 90. 9094 909 93.9 93. 93.9 939 939 93.9 100.0
1000 (2] 90.% 92. 924 939 939 939 9394 939 939 939 100.0

SO0 (24 92. 93.9 93, 93.9 93. 93.9% 939 93. 93. 93.9% 100.0

200 (S5  92. 93.9 93, 93.9 939 939 93.9 93. 939 939 100.0

100 (10 93.3 939 939 9394 939 939 939 939 939 93.9 100.0
Table 3.17 - LENGTH 11 (Cardinality: 4)

| exicon Size 1 2 3 4 5 6 7 8 9 10 >10
2000 (1Y 100.04 100.00 100.00 100.04 100.d 100.04 100.0 100.00 100.04 100.04 100.0
1000 (2 100.4 100.00 100.0 100.0d 100.00 100.08 100.04 100.00 100.0¢ 100.Qd 100.0

500 (2) 100.4 100.0 100.04 100.00 100.04 100.04 100.0 100.00 100.04 100.00 100.0
200 (S} 1000 100.0 100.00 100.0 100.0 100.00 100.6 100.3 100.0 100.04 100.0
100 104 100.00 100.00 100.0{ 1000 100.00 100.00 100.0 100.00 100.04 100.04 100.0
Table 3.18 - LENGTH 12 (Cardinality: 2)
xicon Size 1 2 3 4 5 6 7 8 9 10 >10
2000 (1Y 100.00 100.08 100.00 100.0 100.00 100.0{ 100.04 100.G 100. 100.0 100.0
1000 (21 1000 100.0 100.00 1000 100.04 100.0{ 100.00 100.00 100.04 100.d 100.0
500 (2§ 100.04 100.0 100.0f 100.0 100.00 100.0{ 100.08 100.0 100.0% 100.0 100.0
200 (SY 100.00 100.04 100.00 100.0 100.00 100.0{ 100.03 100.4 100.0 100.0 100.0
100 10Y 100.04 100.0 100.00 100.00 100.4 100.0{ 100.04 100.0 100.0f 100.0q0 100.0

10
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Lexicon Size 1 2 3 4 5 6 7 8 9 10 >10

2000 (1Y 100.04 100.d 100.00 100.00 100.08 100.04 100.00 100.00 100.08 100.00 100.Q
1000 (24 100.00 100.04 100.0¢ 100.0d 100.0d 100.0{ 100. 100.00 100.04 100. 100.0
500 (2% 100.0 100.4 100.0f 100.0 100. 100.00 100.0 100.00 100.04 100.0 100.0
200 (SY 100. 100.00 100.00 100.0 100.00 100.04 100.00 100.(00 100.00 100.0 100.
100 (10} 100.00 100.0d 100.00 100.00 100.00 100.04 100.0d 100.00 100.00 100.3 100.

Table 3.19 - LENGTH 13 (Cardinality: 1)

By restricting attent