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For a @st-incentive-based procurement (known as HIP), the U.S. Postal Service
(USPS) developed a methoddogy to predict the recognition performance of Remote
Computer Reader (RCR) systems for handwritten letter mail. Very high volumes of
mail in the United States mean that dight changes in mail piecefinalization and error
rates have substantia cost consequences. Thus, high measurement predsion and
caefully truthed data ae required. Because of considerable regional and seasona
variability in address qudity, the HIP evauation required large, representative
databases of images and confirmation wsing high volumes of live-mail. At least four
RCR versions were evaluated in HIP. In comparison to a basdline RCR system, the
fina HIP RCR system achieved the mnsiderable gain of approximately 33 percent in
the findization rate for an image database, while reducing the eror rate to about 2.5
percent. Live-mail measurements from 25 dverse sites corrobarated the database
results and illustrated the high variability in address quality and consequent
recognition performance  USPS' testing confirmed that evaluation with sufficiently
large and representative databases is an effedive means for predicting performance
onlive-mail.

1 Background

The United States Pogtal Service (USPS) processes ©me 134 hillion pieces of
handwritten letter maill annuelly. 1t employs a embination of manual key-entry from
digital images and multili ne opticd charader reagrition (OCR) to develop an 11-digit
delivery point bar codel for encoding U.S. letter mail. The bar code, known as the
POSTNET Code, is grayed on the lower right front of an envelope, fadlitating fully
mechanized, highly reliable sorting of the mail to a carier’s wak sequence The OCR
agorithms, which encode most of the handwritten letter mail (and a smaller portion of
the machine printed letter mail) reside in Remote Computer Reader (RCR) systems now
deployed at 254 sites nationwide. Substantial computing power is required in the RCR

1 Ddlivery point bar code: An 11-digit bar code representing the ultimate ddlivery point for which amail piece
is destined; comprising the ZIP+4 code (i.e., 9 dgits) and, for regular residentia mail, the last two digits of the
household stred addressnumber.
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systems to achieve throughputs that range from 30,000 to 330000 mail pieceshour,
depending yon sitesize(i.e., letter mail volume and image lift cgpadty).

Recat advances in postd OCR systems in the United States have dramaticdly
improved the percentages of handwritten letter mail that can be read fully automaticaly.
Prior to 1997 the percentage of handwritten letter mail readable by USPS OCR systems
was only about two percent. Thirteen yeas of USPS-supparted reseach conducted a
the State University of New York (SUNY) a Buffao? resulted in commercialy-
produced equipment that increased this percentage to about 23 percent.

In 1997 the USPS initiated its Handwritten Improvement Program (HIP) to raise
substantialy the findi zed encode rate (findi zation rate) for handwritten letter mail on its
RCR sysems. In HIP, a USPS contrador integrated within a highy parald,
multiprocesor system OCR dgorithms receantly developed at SUNY-Buffado and by a
for-profit OCR firm to achieve the recogniti on speed and acaragy goals.

A mall pieceis “findized”3 when ro further encoding is possble, as determined by
the RCR system itsdlf. The tota findlizaion rate is equal to the sum of percentages of
input images finali zed to threelevels of sortation:

= 5digits(i.e, to the Post Officelevel)
=  Odigits(i.e, toasdeof a dty block, afirm, or abuilding)
= 1l-digits(i.e., tothe carier'sddivery point sequence

Theinitia goa of HIP was to read within two yeas a 50 percent totd findlization
rate for handwritten letter mail, while smultaneously maintaining or reducing the eror
rate, which was at that time dightly less than three percent of the findized pieces.
Engnees and contrading officers at the USPS devised an incentive @mntrading system
that envisoned payments to the HIP contrador based on measured percentage paint
improvements in the total handwritten letter mail finalizetion rates, rather than on costs
incurred by the ntrador. The HIP contrador bore the expense of deploying al
hardware and providing the omplete suppat infrastructure to ensure a predetermined
througltput a ead ste. The USPS would not incur payment liability if there was no
findizaion rate improvement, even if hardware was deployed to maintain a ste's
throughput while atempting to raise the encode rate.

2 S N. Siihari and E. J. Kuebert, Integration of Hand-Written Address Interpretation Technology into the
United States Postal Service Remote Computer Reader System, Proc. 4" ICDAR, Ulm, Germany, pp 892896,
1997

3 The number of input images “findized” is not the same as the number of mail piece images correctly
recognized. A mail piece can befindized, yet beincorrectly encoded.
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The USPS has verified that the RCR systems procured through HIP achieved a 57
percent average totd findizaion rate within the two-yea period, while reducing the
error rate to 2.49 percent. As aresult, the USPS saved many milli ons of work-hours of
key-entry labor and thus far, eleven of its Remote Encoding Centers for key-entry have
been closed ar are scheduled for closure.

2 Methodology

USPS management developed a methoddogy to ascetain that the USPS recéved the
contraded rate improvements.  The need for sdf-oversght was megrified by the faa
that the very high volumes processed mean that dight changes in the findizaion and
eror raes have sgnificant consequences for the USPS' operating costs. The USPS
worked with Mitretek Systems, Inc. (a not-for-profit, conflict-free systems engneeing
corporation) concening its computations of the encoding rates and verificaion of
datisticd significance of the measured gains.

There is consderable variability in the quantity and qudity of the handwritten
addressimages processed by the RCR systems, bath among the sites and at a singe site
over time. Somefadorsthat can affed the aldressquality are the foll owing

= Daily, weekly, monthly, and seasona variability in the mail sream

=  Varying modes of operation of systems that cgpture the input images (the
AFCS* and MLOCR®), depending pon the availability of labor and/or
equipment

* Vaying frequency and qudity of AFCS and MLOCR preventative
maintenance procedures

= Differing addressng schemes in ead locdity, including gid addressng, high
rise aldressng, hyphenated-numeric addressng, and addresses with foreign
words

An acarate aadyss of an RCR system's patential cost savings requires that the
test data refled this consderable variability and that al mail charaderistics be fairly
represented through a suitably randomized sampling process  Therefore, USPS
engneas and ecnomic anaysts developed a testing methoddogy to ensure that, within
reaonable tolerances, the RCR systems met or exceaded expedations following
deployment. A threestep testing processwas devised, consigting of the foll owing;

4 AFCs: Advanced Facer Canceller System. A madhine that faces, cancds, and sorts incoming letter-size mail
to ane of seven stadkers. Aninpu subsystem nodification providesthe AFCS with imagelifting capability.

5 MLOCR: Multiline Opticd Charader Recognition sysem. An opticd charader reader that reads and
interprets more than oneline of the ddlivery address
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Stepl: A test would ke run wing one milli on contemporaneoudly colleded images
from handwritten letter mail. Five hurdred thousand o these images (known
as Sample Set 1) would come from the ten sites with the highest processng
volumes and from the ten sites consdered to have the most difficult addressng
stuations. Approximately 25,000 images were @lleded randomly from ead
of these 20 stes. The remaining 500000 images (known as Sample Set 2)
would come from a random sdedion of 100 sites, with gpproximately 5,000
images colleded per ste. To measure the eror rate, 100000 d these images
(50,000from ead set) were ground-truthed using key-entry techniques.

Sepll: Twenty-five stes were seleded as verificaion stes. The 50,000 contemporary
images from eat of the 25 stes were ombined to crede atest set of 1.25
milli on images (known as Sample Set 3). This st would be used to predict the
findization rate aticipated for eah ste during Step Ill. Ten of these stes
were represented in Sample Set 1 and eight were represented in Sample Set 2,
athough the Sample Set 3 data were distinct from those in Sample Sets 1 and
2.

Steplll: A 30-day pre- and pcst-deployment test would be runwith live-mail a ead of
the Step Il sites to ensure that the USPS adualy achieved the findization rate
improvements anticipated. The aiterion employed was that the results of this
st (Step 1Il) should agreewith those from Step I with lessthan a 10 percent
probability of error.

2.1  ThePostal Cost Model

In automated pcstd address reagnition systems, many fadors must be @mnsidered to
determine a1 overal confidence in the determination of the delivery paint sequence bar
code. The development of an address recogrition system involves sleding many
thresholds to determine an optimum tradeoff point between the percentage of addresses
corredly recognized and those in error.  The tradeoff paint should be sdeded by the
system devel oper to result in the lowest overall mail-processng cost.

To predict the st consequences for eah spedfic set of performance
measurements, the USPS developed a Cost Modd. The processng costs associated
with differing levels of sortation and categories of recgnition errors were caculated
using detailed pastal flow models that tracethe paths of letters from initial image caoture
to their fina degtinations. The reagnition results using the truthed images of Step |
served as the source of input data to the Cost Model. The Cost Modd is adually a
matrix of the st consequences for spedfic combinations of address patentias (the
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fines levels of sort to which maill pieces could be resolved using the available
information) and outcomes from the RCRprocessng.

2.2  TheBasdline System

For its performance @mparisons, the USPS sdleded a previous verson of its RCR
system to use & a Basdline. Percentage improvements above the Basdling s findli zation
rate determined the incentive payments to the HIP contrador. That version, known as
Verdgon 4.03, was adieving the dorementioned 23 percent total findization rate for
handwritten letter mail when HIP was initi ated.

It should be noted that the denominator (i.e., the number of input images that are
handwritten) in the RCR system’s cdculation of its handwritten address finalizaion
raes is, itsdf, sysem-determined. For this reaon, a comparative evaluation of
handwritten address reagnition systems requires that a “Basdine” determination be
made of the number of addresses in the input database which are handwritten and that,
whenever possble, this number should be used in lieu of the system-determined
quantity. Otherwise, the system’s determination of its handwritten findizaion rate
could be improved by its categorizing some of the more difficult input images as being
non-handwritten (i.e., as machine-printed).

2.3 TheHIP Versions
Under HIP, threeversions of the RCR software were déli vered and evaluated, namely:

*  Verson 5.0, first tested by the USPS in-house 4 its Engneaing Fadlity in
Merrifield, Virginiaduring July 1998

=  Vesonb5.1, firg tested in-house during October 1998

=  Verson 7.1.1, first tested in-house during July 1999 and deployed for the
processngof live-mail at initid field sites during August 1999

24  Satistical Analysis Program

To provide a onsistent and straightforward means to input RCR performance data and
to compare finalization rates achieved hy severa releases of the RCR system software,
Mitretek developed a database program—its Statisticd Analysis Program—using
Microsoft Access 97 and Visud Basic for Applicaions. The Statisticd Anayss
Program uses two dfferent sources of input data produced by the RCR software—
summary shed text files and continuoudy updated binary files, known as RCRSTATS
files—and provides various types of statisticd cdculations for the image databases and
live-mail. For more sophigticated dtatisticd andyses, a ommercidly avail able software
padkage that works in conjunction with Microsoft Accesswas purchased.
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The reaults from tegting the four RCR versions with the image databases &t the
Merrifield, Virginia fadlity were incorporated into the Statisticd Analysis Program
database. For live-mail, the results from over 14 system-yeas of pre-and pcst-
deployment testing, obtained from more than 125 5Megabyte RCRSTATS files, were
aggregated hourly, daily, and weekly, and then imported into the database.

3 Stepsl| and |1 Results

Figure 1 dsplays the handwritten addressfinaization rates for the four RCR versons—
Versons 4.03 (the Basdine), 5.0, 5.1, and 7.1.1—for the three separate Sample Sets and
Combined Sample Sets 1 and 2 The bar heights represent weighted mean findli zation
rates and the surrounding error bars represent standard errors of the means. Note that the
verticd axis is <ded from 10 to 70 prcent. The aror bars are tightet for the
Combined Sample Sets becaise the highest number of stes is represented in the
Combined Sets.

As may be observed, the results for Sample Sets 2 and 3 are within the standard
errors of one another, while the results for Sample Set 1 are somewhat lower. It is
suspeded that this occurred becaise Sample Set 1 was obtained from sites having higher
volumes and more difficult addressng schemes;, whereas, Sample Sets 2 and 3 are
probably more representative of all stes.

Thetotal finalization rate results measured for Combined Sample Sets1 and 2are:

= 2236%+ 0.400 for Verson 4.03
= 5501%+05%%for Verson7.1.1

The result is a very subgtantial gain of 32.65% * 0.37% for the final Version of HIP
over that achieved by the Basdline Verson.

For Combined Sample Sets 1 and 2 figue 2 dsplays the hisograms of the
findizaion rates measured for the four RCR versions, with the values grouped into
intervals of two percentage paints. The digtributions for the four RCR versions gppea
to be amilarly shaped and o roughy equa width, with only a few outliers on their
lower sdes. The site with the lowest total findlizaion rate in ead of the distributions is
the same site and islocated within amgjor urban area

As a part of the Step | testing, the USPS measured the eror rates for the 100000
truthed images. The HIP contrad required that the eror rate be maintained at lessthan
threepercent of the finalized mail pieces. The HIP contrador was able to achieve this
result at the finali zation rates reported.
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4 Step 111 Results

Step Il conssted o measuring live-mail pre- and past-deployment finalization rates at
thefirst 25 deployment sites, ead over aperiod o at least 30 days.

The pre-deployment (Version 4.03) and pacst-deployment (Versions 5.0, 5.1, 7.06
and 7.1.1) RCRSTATS binary data files were used to compute the tota finalization rate
improvements for ead Step Ill ste. Each RCRSTATS file mntains at least 42 days of
performance information, with data @lleded in fiveminute intervals. Unlike the
analyses for the image databases, the denominators in the cadculations of the live-mail
finalization rates had to be madhine-determined, with ro feaible procedure to determine
independently the number letter mail pieces that were handwritten.

For ead of the 25 sites, figure 3 displays the measured Step 11 finalization rates for
RCR Versons 4.03, 5.0, 5.1, 7.0, and 711 The st of paints on the right side of the
graph represent the averages (urweighted by mail volumes) for these five versons. To
the right of the graph, the crresponding numericd values are provided. For these 25
stes, the average findizdion rate is 2325% + 0.55% for the Basdine Verson and
59.95% + 0.55% for Verson 7.1.1, thus producing a gain of 36.70% + 0.85%. Even if
the differing denominators in the respedive cadculations is acounted for, this live-mail
result represents a somewhat higher finalization value than that achieved using the
image databases. Some of this difference may be atributed to the fad that the national
addressdiredory for the image database testing was sleded at the beginning of the HIP
contrad and remained unchanged during the evaluation. In contrast, addressdiredories
used duringthe live-mail testing were typicaly updated weekly.

For Verson 7.1.1, it is observed that (with the exception of Processng Center |,
which represents the results from less than a sinde day) Processng Center E has the
highest totd finalizaion rate (at an average of 66.37 percent during 55 chys), while
Processng Center N has the lowest rate (at an average of 51.42 percent during 40 cays.)
The predominance of highrises and numeric streg addressng within the Processng
Center N areaprobably acourt for itsdiminished rate.

Figue 4 dsplays this livemail data & five higograms, again with the vaues
grouped into intervals of two percentage pants. As was the cae for the Sample Sets,
the digtributions for live-mail appea to be smilarly shaped and o rougHy equd width,
with just a few outliers on their lower sides. The distributions are more narrow than

6 Accordi ng to the HIP Contrador, Verson 7.0 used the same recognition algarithms and parameters as
Verson 51. Themeasured performance diff erences for live-mail between Versons 5.1 and 7.0 probably reflect
seasondly differing mail charaderistics.
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those for the Sample Sets becaise the number of images processed per ste is
substantialy larger and the sites are fewer in number and lessdiverse.

5 Variability in the Mail Stream

As previoudy mentioned, there is consderable variability in the quality of handwritten
mail’s addresses and images. Figure 5 ill ustrates ome of this variability. In the figure,
handwritten letter mail volume and total findlization rate ae plotted hourly over the
course of one week for the Processng and Digtribution Center (P& DC) with the
highest volume of mail. At this ste, there is a fairly consstent daily pattern in volume
and finalization rate, with hourly volume dowly increasing after about 7:00 AM,
pe&king at about 5:00 PM, and remaining steady urtil about 11:00 PM. The exceptiona
days are Sunday and Monday, with Sunday’s volume substantialy lower than average
and Monday's volume higher, but more variadble. Tota finalizaion rate rises more
quickly eat day and remains gealy, at just under 60 percent, urtil after midnight.

To understand better hour-to-hour variability in the mail stream, total handwritten
address findization rates obtained from Verson 7.1.1 RCRSTATS files from the 25
Step 11l sites were aygregated hourly and dotted as a hisogram. Figure 6 dsplays this
hisogram, using one percentage point increments, and represents the processng of
amogt 140 million handwritten addresses.  The digtribution’s unweighted mean is
53.6 percent; the mean, weighted by the handwritten address volume processd in ead
hour, is59.3 percent; and the digtribution’s mode is about 62 percent.

The distribution is remarkably wide, with an urweighted sample standard deviation
of about 16 percent —ill ustrated by the horizontal datted line. Even when weighted by
volumes processed, the sample standard deviation—ill ustrated by the horizontal solid
line—is dmost 10 percent. Instances with a zeo findi zation rate occurred during dadk
processng periods and adualy represent avery low number of mail pieces.

6 Conclusions

The USPS believes that HIP achieved its objedives and the reported results demongtrate
that testing with sufficiently high-volume image databases is an effedive means for
predicting the reaognition performance with livemail. The finaization rates achieved
during live-mail testing confirmed the predictions from the database testing.

The use of a Basdine verson for performance @mparisons to determine the
incentive payments sams fair to sysem developers and to the USPS, dthough rew
basdlines and databases will be required as yystems and addressng schemes evolve.
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