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1. Introduction

The Image Recognition Group at NIST has developed a uniform method of evaluating the recognition of optical character readers
used to process the information on electronically scanned forms. NIST Scoring Package Release 1.0, NIST Special Software 1
(SS1)[1], isdistributed on CD-ROM as areference implementation of this uniform method and was successfully used in the First
Census Optical Character Recognition Systems Conference.[2]

Aswith any effort related to technology devel opment, the Scoring Package has evolved and matured over time. The Scoring Pack-
age was originally proposed in the draft, “ Standard Method for Evaluating the Performance of Systems Intended to Recognize
Hand-printed Characters from Image Data Scanned from Forms”, which was submitted to ANSI X.3A1. Early implementations
of the Scoring Package exposed various shortcomings and contradictions within the draft standard. A public version of SS1 was
released in October of 1992 along with “NIST Scoring Package User’'s Guide Release 1.0” (NISTIR 4950).[1] The User’'s Guide
describes the reference implementation in great detail, but it does not address the theory used to derive the implementation itself.
In February of 1993, the paper, “Methods for Evaluating the Performance of Systems Intended to Recognize Characters from
Image Data Scanned from Forms” (NISTIR 5129), replaced the draft standard. NISTIR 5129 formalizes the theory used in the
Scoring Package and establishes a uniform method of evaluation.[3]

The Methods Paper outlines four general steps needed to assess the performance of an automated form processing system. Choos-
ing an optical character recognition (OCR) application is the first step. Once an application is selected, the recognition tasks
embodied in the application and the interactions between the tasks that impact system performance are identified. Based on these
tasks and their interaction, a scoring flow is derived. Scoring accumulators designed to capture system performance statistics are
defined within the scoring flow. Finally, recognition performance measures that use the scoring accumulators asinput are defined.
In order to formalize these steps, NISTIR 5129 introduced a standard nomenclature for accumulator names.

The purpose of thisreport isto map the nomenclature defined in the Methods Paper to the pre-existing User’s Guide. The scoring
flows, scoring accumulators, and performance measures defined in NISTIR 5129 are presented in Section 2. Section 3 documents
the Scoring Package output files (summary report and fact sheet) defined in NIST 4950 using the new nomenclature.

2. Scoring Flows, Scoring Accumulators, and Performance M easures

The scoring flowsillustrated in this section are a flexible framework by which form processing systems can be analyzed and com-
pared. However, these scoring flows should not be mistaken as amodel for implementing form processing systems. Three recog-
nition tasks areidentified in these flows: form identification, field recognition (character or icon), and character recognition. These
tasksin no way limit the implementation of aform processing system by dictating a presumed set of algorithmic procedures. In
general, thefirst step to processing aform requires proper identification of the form type. Based on the identified form type, the
fields may be located through the use of a spatial template and recognized. The task of reporting a single response for an entire
field isreferred to asfield recognition. If the field contains non-character information such asabox check mark or asignature, the
task isreferred to as icon-field recognition, and the recognition system isrequired only to determineif the field contains informa-
tion or not. If the field contains characters, the task is referred to as character-field recognition. Character-field recognition is
dependent upon the results from the character recognition task wherein single system responses, one for each character in afield,
are reported.

Systems have the potential to reject the outcomes from each of these processing tasks. Thisisillustrated in the following scoring
flows by variables and branches labeled (A) if a decision was accepted and labeled (R) if rejected. For example, in Figure 1, a



system may choose to reject the hypothesized form type assigned to a specific form image, and in Figure 2, a system may choose
to reject the hypothesized classification assigned to a segmented character image. Rejecting outcomes gives a system the ability
to flag low confidence decisions as unknown, so that they may be verified by human inspection. The scoring flows also include
scoring outcomesthat determineif the recognition system’s decisionswere correct (C) or incorrect (1) or whether information was
missed (M) by the recognition system.

Task interactions of interest are those that impact system performance. In Figure 1, a system rejection of aform’s identification
resultsin all characters on the form being tallied as missed. In this case, a decision made within the form identification task influ-
ences performance within the character recognition task (characters are missed). In general, system responses at subsequent tasks
are analyzed only when the recognition system’s response at the current task has been accepted by the system and the responseis
correct. For example in Figure 2, only fields on forms that have been accepted and correctly identified are analyzed at the field
recognition task.

In order to accumul ate performance statistics based on these tasks and their interaction, scoring variables must be defined. Perfor-
mance statistics are accumulated at the form, character-field, icon-field, and character levels and are represented as the variable
subscripts form, chrfld, icofld, and char respectively. The form processing task contributing to a particular statistical accumulator
is denoted by the variable's superscript. Statistics accumulated for forms identification are denoted as frmid, field recognition as
fldrec, and character recognition as chrrec.

Using this nomenclature, variable accumulators used to compute system performance measures are defined. For example, the vari-
able ACI"™ can be used to represent the total number of correctly identified forms accepted by the recognition system. Likewise,
avariable representing the total number of characters missed during character recognition is M. Several other accumulators
are aso required for scoring. They include accumulators such asthe total number of forms processed total and the total num-

ber of reference characters known to be on the forms processed total

form
refchr*

Section 2.1 illustrates scoring flows, Section 2.2 defines scoring accumulators, and Section 2.3 lists performance measures.

2.1 Scoring Flows

Form | dentification

frmid frmid frmid frmid
I:\)form RIv'chrfld RIvlchar RIvlicofld

frmid frmid frmid frmid frmid
ACform AIform AMchrfId AMchar AMicofId

Figure 1: Scoring flow for form identifications.



Character-Field Recognition

fldrec fldrec fldrec
RCchrfld RI chrfld RIVlchar

Character Recognition
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Figure 2: Scoring flow for character-field recognitions and character recognitions.

Icon-Field Recognition

fldrec fldrec fldrec fldrec
ACicofid Alicoid RCicofid Rlicofid

Figure 3: Scoring flow for icon-field recognitions.




2.2 Scoring Accumulators

Totals

1. totaly,,,  formsprocess

2. total gy character-fields processed

3. total.4q icon-fields processed

4, total .,  reference characterson al forms processed

Form ldentification

5. Acfrmd accepted correctly identified forms

form
6. Alffmd accepted incorrectly identified forms
7. Rimid rejected form identifications

Character-Fields

8. AmMmd missed character-fields due to accepted incorrectly identified forms

9. Am[mid missed characters due to accepted incorrectly identified forms

10. rRmfimd missed character-fields due to rejected form identifications

11. Rmfmid missed characters due to rejected form identifications

|con-Fields

12. amirmid accepted missed icon-fields due to accepted incorrectly identified forms

13. RMITmMd missed icon-fields due to rejected form identifications

Field Recognition
Character-Fields

14. AChdec  accepted correctly recognized character-fields
15. Alfjdree accepted incorrectly recognized character-fields
16. RCMI" correctly rejected character-field recognitions
17. Rifldrec incorrectly rejected character-field recognitions

18. RMMd®  missing characters due to incorrectly rejected char. field recognitions




Field Recognition Cont’d
Icon-Fields
19. ACldee  accepted correctly recognized icon-fields
20. AINAeS accepted incorrectly recognized icon-fields
21. RChee  rejected correctly recognized icon-fields
22. RIfdre rejected incorrectly recognized icon-fields
Character Recognition

23. ACSIe  accepted correctly recognized characters

24. AISITec accepted incorrectly recognized characters

25. Marree missing characters

26. RCY'rec  rejected correctly recognized characters

27. RISMTe  rgjected incorrectly recognized characters

Figure 4: Table of scoring accumulators and their definitions.




2.3 Performance M easures

Form-Based
(1) FORM1
(2) FORM2
(3) FORM3
(4) FORM4
(5) FORMS5

(6) CHRFLD1
(7) CHRFLD2
(8) CHRFLD3
(99 CHRFLD4

Icon-Field Based
(10) ICOFLD1
(11) ICOFLD2

(12) ICOFLD3
(13) ICOFLD4

(14) FIELD1
(15) FIELD2
(16) FIELD3
(17) FIELD4

Char acter-Based
(18) CHAR1

(19) CHAR?
(20) CHAR3
(21) CHAR4
(22) CHAR5
(23) CHARG
(24) CHARY
(25) CHARS
(26) CHAR9

(27) CHARI10

Character-Field Based

Combined Field-Based

fraction of all forms accepted and correctly identified
fraction of all forms not accepted and not correctly identified
fraction of accepted forms correctly identified

fraction of accepted formsincorrectly identified

fraction of all form identifications rejected

fraction of all character-fields accepted and correctly recognized

fraction of accepted character-fields correctly recognized

fraction of all character-fields missed due to rejected form identifications
fraction of all character-fields missed due to accepted incorrect form
identifications

fraction of all accepted and correctly recognized icon-fields
fraction of accepted and correctly recognized icon-fields from all
accepted icon-field identifications

fraction of all icon-fields missed due to rejected form identifications
fraction of all icon-fields missed due to accepted incorrect form
identifications

fraction of all fields accepted and correctly recognized

fraction of accepted and correctly identified fields correctly recognized
fraction of all fields missed due to rejected form identifications
fraction of all fields missed due to accepted incorrect form
identifications

fraction of correctly recognized characters including characters missed
due to rejection

fraction of correctly recognized characters from all accepted field recognitions
fraction of accepted correctly recognized characters

fraction of all character recognitions rejected

fraction of characters rejected from all accepted field recognitions
fraction of correctly recognized characters rejected

fraction of characters missed due to rejected form identifications

fraction of all accepted and correctly recognized characters

fraction of accepted and correctly recognized characters from all accepted
field recognitions

fraction of all characters missed due to accepted incorrect field
identifications

Figure 5: Table of recognition system performance measures and their definitions.



2.3.1 Form-Based Perfor mance M easures

]Ermid
_ orm
FORM1 = 7t0talf0rm 1)
frmid+ frmid
FORM?2 = form orm 2
total;,, ,
Cfrmid
FORM3 = frmidform frmid ©
ACform +A|form
Al
FORM4 = ACTmid o frmid (4)
form form
frmid
_ orm
FORMS = 7t0talf0rm (5)
2.3.2 Character-Field Based Performance M easures
L
CHRFLD1 = ___d 6)
total g, i
Cfldrec
CHRFLD2 = chrfld W

fldrec fldrec
ACchriig + Alghriig



frmid
chrfld

CHRFLD3 = — ——
total 44

frmid
chrfld

CHRFLD4 = — ——
total 44

2.3.3 1 con-Field Based Performance M easures

fldrec
icofld

ICOFLD1 = — ———
totalcqfq

fldrec
ACicofid

ICOFLD2 =
fldrec fldrec fldrec fldrec
ACicoid + Alicotid T RCicofid + Rlicotid

frmid
icofld

ICOFLD3 = — ——
totalcqfq

frmid
icofld

ICOFLD4 = — ——
totalcqfq

2.3.4 Combined Field-Based Performance M easures

fldrec fldrec
ACchriia + ACicofid
total oy, 4+ total;

FIELD1 =

(8)

(©)

(10)

(11)

(12)

(13)

(14



fldrec fldrec (15)*
ACchriig + ACicofid

FIELD2 =

fldrec fldrec fldrec fldrec fldrec fldrec fldrec fldrec
ACchriig T Algnriia T RCehriia T Rlchriia + ACicotid T+ Alicofid T RCicotid T Rlicofid

frmid frmid
RMchrfia + RMicorig

FIELD3 = (16)
total gy 114 + total; 1
frmid frmid
FIELDA — AMchrtig T AMicofi -
total gy 114 + total; 1
2.3.5 Character-Based Performance M easures
chrrec chrrec (18)
CHAR1 = ACchar + RCchar
- ACchrrec+A|chrrec+ RCchrrec+ RI chrrec+ RMfrmid+ RMfIdrec
char char char char char char
ACchrrec+ RCchrrec
CHAR?2 = char char
- ACchrrec+A|chrrec+ RCchrrec+ Rlchrrec (19
char char char char
ACchrrec
CHARS3 = chrrecchar chrrec (20)
ACchar +A|char
chrrec chrrec
CHAR4 = I:\)Cchar +RI char 21)
tOtalrefchr

* Note that FIELD2 was incorrect in NISTIR 5129. The corrections have been included in this cross-reference.



. RCGu™ + RIg

chrrec chrrec chrrec chrrec
ACchar +A|char +RCchar +R|char

(22)

Cchrrec

_ char
CHARG = ACchrrec+ RCchrrec (23)

char char

frmid

CHAR7 = __ char (24)
total refchr

chrrec

AC
CHARS = __cnar (25)
total refchr

ACchrrec
CHAR9 = char (26)*

chrrec chrrec chrrec chrrec chrrec
ACchar +A|char +RCchar +R|char +Mchar

frmid

CHARI0 = @7
total refchr

* Note that CHARO was incorrect in NISTIR 5129. The corrections have been included in this cross-reference.
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3. Scoring Package Output Files

The Scoring Package generates two output files defined in the User’s Guide (NISTIR 4950). Thefirst file, asummary report, lists
the performance measures computed by the Scoring Package, and the second file, afact sheet, gives a detailed accounting of var-
ious event statistics. The summary report isdocumented in Section 3.1, and the fact sheet isdocumented in Section 3.2. Comments
delimited by “<” and “>" have been added to thefile listings for the purpose of documentation. Where appropriate, the statistics
reported in these two files have been cross-referenced to scoring accumulators and performance measures defined in the Methods
Paper (NISTIR 5129).
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3.1 Summary Report Description

Summary: < beginning of summary report >
TOTALS (output=FCItdA ,of=form.sum,cf=form.fct ) < scoring profile options selected >

Draft standard measures:

< fundamental accumulators: TP= Acgﬂ;rrec + chﬂgrec >

< FP= AL+ RIS >

< M= MEe - AMETS >

< RT = RCEpIre >

< RF = RIghIree >

< RM = RMfrmld >

char

Accumulators: TP=1648 FP=43 M=36 RT=45 RF=18 RM=164
Character recognition decision:
< CHAR1 (18) >
accuracy: 88.8410% (1648/1855)
< CHAR2 (29) >
accuracy (formright): 97.4571% ( 1648/ 1691)
Character output:
<CHAR3(20) >
: accuracy: 98.4644% (1603/1628)
Field accuracy:
<FIELD1 (14) >
accuracy (including icons): 81.2762% (777 /956)

Character rejection rates:

< CHAR4 (21) >
al: 3.3475% (63/1882)
< CHAR5 (22) >
all hypotheses: 3.7256% ( 63/1691)
< CHAR6 (23) >

matches: 2.7306% (45/1648)
< percentage of substituted charactersrejected >
substitutions: 44.1176% (15/34)
< percentage of inserted charactersrejected >
insertions: 33.3333% (3/9)
< CHAR7 (24) >
al (duetoformtype): 8.7141% (164/1882)

Fields (excluding icons):
<CHRFLD1 (6) >
: accuracy: 81.7010% (634/776)
<CHRFLD2 (7) >
accuracy (with formright): 90.1849% (634/703)
<CHRFLD3 (8) >
rejected (dueto form type): 9.4072% (73/776)
<CHRFLD4 (9) >
deleted (due to form wrong): 0.0000% (0/776)
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Fields (including icons):
<FIELD1 (14) >
: accuracy: 81.2762% (777/956)
<FIELD2 (15) >
accuracy (with formright): 89.8266% (777 /865)
<FIELD3 (16) >
rejected (dueto form type): 9.5188% (91/956)
<FIELD4 (17) >
deleted (due to form wrong): 0.0000% (0/956)

Characters:

<CHARS8(25) >
: accuracy: 85.1753% (1603/1882)

<CHAR9 (26) >

accuracy (with formright): 94.7960% ( 1603/ 1691 )

< CHAR7 (24) >

rejected (dueto formtype): 8.7141% (164 /1882)
<CHAR10 (27) >

deleted (due to form wrong): 0.0000% (0/1882)

Icons:
<ICOFLD1 (10) >
: accuracy: 79.4444% (143/180)

<ICOFLD2 (11) >

accuracy (with formright): 88.2716% ( 143/ 162)
<ICOFLD3(12) >

rejected (due to form type): 10.0000% (18/180)
<ICOFLD4 (13) >

deleted (due to form wrong): 0.0000% (0/180)

Form type identification:
<FORM1(1) >
: accuracy: 90.9091% (10/11)
<FORM2(2) >
: failurerate: 9.0009% (1/11)
<FORM3(3) >
accuracy (excluding rejected): 100.0000% (10/10)
<FORM4 (4) >
. failurerate (excluding rejected): 0.0000% (0/10)
<FORMS5 (5) >
: rejected: 9.0909% (1/11)
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3.2 Fact Sheet Description

form type: < form-level accumulators >
count: 11 < total;y, >

rejected: 1 < fgm’ >

not rejected, right: 10 < AClrmid >

not rejected, wrong: 0 < Alfrmid
icon fields: <icon field accumulators >
count: 180 < total; o4 >

< indented counts are subsets of all icon fields scored >

form type rejected: 18 < RM{(THS >

form type wrong and not rejected: O < AM{rcg}i% >

form type right and not rejected: 162 < AC{giig + Alfcoiig + RCicoa + Rlicard >

<indented counts are subsets of all forms correctly identified and not rejected >

right: 143 < AcifL%rf'Isg >

wrong; 19 < A+ RO« RIS >
rgected 15 < RCl e RIS >

o et 147 < AClLE AllS >
rches 157 < Acliti - Relidts >

<indented counts are subsets of all correct icon fieldsignoring rejection >

. . fldrec
rejected: 14 < RCicorig >
. . fldrec
not rejected: 143 < ACicorig >
. . fldrec fldrec
mismatches: 5 < Aliconig + Rlicofid >

<indented counts are subsets of all incorrect icon fieldsignoring rejection >

rejected: 1 < Rifldrec

not rejected: 4 < AI{'C%rﬂeg >
not present / not found: 115 < # of empty icon fields detected correctly >
not present / found: 3 < # of empty icon fields detected incorrectly >
present / not found: 2 < # of non-empty icon fields detected incorrectly >
present / found: 42 < # of non-empty icon fields detected correctly >
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character fields: < character field accumulators >
count: 776 < total 114 >
<indented counts are subsets of all character fields scored >
form type rejected: 73 < RMfCrhTfifjd >
form typewrong and not rejected: 0 < AMghTfif’d >
form type right and not rejected: 703 <ACHAeC 4 ajfidrec | pefldrec , gyfidrec

<indented counts are subsets of all character fields on forms correctly identified and not rejected >

right: 634 < Acfidrec >
. fldrec fldrec fldrec
wrong: 69 < Algheria + RCehriig + Rlcnreig >
characters: < character-level accumulators >

< indented counts are subsets of all character scored >

in aignments: 1891 < # of character alignment positions >
hypothesis: 1691 < # of hypothesized characters>
reference: 1882 < total oo >

< indented counts are subsets of all reference characters scored >

form type rejected: 164 < RML'hrgird >
form type wrong and not rejected: 0 < AMLrhrgird >
form type right and not rejected: 1691 < ACSIITeC 4 AlSITec . ReEirec 4 gienrrec >
<indented counts are subsets of all reference characterson forms correctly identified and not rejected >
rejected: 63 < RCghrree | gychrrec
not rejected: 1628 < ACEE;’reC +Al gﬂ;rrec >
correct: 1648 < ACEE;EC + RCEE;GC >
<indented counts are subsets of all correct charactersignoring rejection >
rejected: 45 < RCEIrEC >
not rejected: 1603 < ACEIreC >
substitutions: 34 < # of substituted charactersignoring rejection >

< indented counts are subsets of all substituted charactersignoring reection >

rejected: 15 < # of substituted charactersrejected >
not rejected: 19 < # of substituted characters accepted >
insertions: 9 < # of inserted charactersignoring reection >

<indented counts are subsets of all inserted charactersignoring rejection >

rejected: 3 < # of inserted charactersrejected >
not rejected: 6 < #of inserted characters accepted >
deletions: 36 < Mgﬂ;rrec S

Accumulators; TP=1648 FP=43 M=36 RT=45 RF=18 RM=164 < fundamental accumulators>
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