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opment, or automation,l process. This may contradict
ploples' assumption that quality control is merely checking
itre hnat produit for errori. Quillty control in the Northern
Forest Lands Inventory (Nnlt) attempts to both identify exist-
ins errors in the data and prevenl errors from occurring'
Co"nsequently, the quality iontrol approach is both pro-active
and re-active.

The lmprtance of QualitY Contrcl
Deveioping a quality control program is important for all cls
projects. It"is vital, however, in large database produ.ction .
broiects for numerous reasons. Large proiects naturally deal
*itfr lu.g" amounts of data, and managing these data be-
.orn", i"o-plex problem as more and more are created' Ef-
forts must be taken to insure that all automation steps are
executed and that each database file is complete and correct'

GIS production projects employ many people' Iv{g:J
likely, the experience and abiliiies of these pe-ople will .vary'
Personnel must be trained so that they are well versed in au-

tomation procedures. Such familiarity will help reduce the
ootential ior error and ensure that existing errors are recoS-
i'rized. Rll personnel's work must be checked, espec-ially that
created byihose recently employed, in order to evaluate
their digiiizing and automation abilities.

In s"mall Cts proiects, the database develop-ers m.ay also^
be the database ulsers. This use provides an informal, let ef-
fective, check for errors in the database. In contrast, develop-
ers of large GIS databases generally do not-use the data in
anv applications, and. consequently. this form of error check-
ing fv 

"se 
is omitted. Other efforts to check the database for

eriori must be emploved.

Components of the NFLI's Quality Control Efforts
General Techniques
A number of quality control tools are employed continuously
throuehout the automation process' These include the use of
oro""fr,r" sheets and mucros, and extensive record keeping
procedures. While not typically thought of as such, these are
oualitv control techniquei because they help reduce the po-
t^entiai for error.

n the entire Process of cre-

ating a cls database, from digitizing through edgematching and final

review.

Photogrammetric Engineering & Remote Sensing,
Vol .  6 t ,  No.  5,  MaY 1995,  PP.  523-527.

0099-1 1 1 2/95/6105-523$3.00/0
O 19s5 American Society for Photogrammetry

and Remote Sensing

Quality Control Techniques for a
GIS Database DeveloPment Proiect

Jeffiey L. Nugent

Abstract
Basic quality control techniques were developed for.the .
Northern Forest Lands Inventory, a GlS-based data develop-
ment project. These techniques are both preventative and re-
actioiary. Typical administrative fosks such as procedure
sheets and piogress tracking serve os pteventative quality
control tools. Personnel management is also an important
preventative factor in a quality conttol program. The com-^parison 

of proof plots against the original source data is pet-
haps the most effective method for identifying existing
daiabase errors. Developing and implementing a quality con-
trol program can be a time consuming effort, but many -qual-
ity iontiot technigues are very effective ond require little
time to implement. Several such informal techniques ore ex-

flored.

lntroduction
Backglound
The Northern Forest Lands Inventory (Nru) is a multi-state,
multi-agency effort to develop a geographic information sys-
tem (cri) based inventory of natural and economic data in
the 26 million acre northern forest of New York, Vermont,
New Hampshire, and Maine. One of two data development
centers in New York State is the State University of New
York (suNv) College of Environmental Science and Forestry
(nsp) in Syracuse, New York. One full time database admin-
istrator and several part time graduate student assistants
form the data acquisition team. Though basic geographic-
data analyses are-performed on occasion, the primary effort
of the NFLI at SUNY-ESF is data development.

Because the NFLI was SUNY-ESF's first major data devel-
opment project, few previous procedural protocols were
available. As a result, most automation procedures, including
quality control techniques, had to be developed in-house and
implemented without guidance from previous work. To keep
wlihin the limitations of a restricted budget, small personnel
pool, and completion deadlines, quality control techniques
had to be easy to implement and not excessively time con-
suming.

Deflning Quality Control
Qualiiy control, as practiced in the Northern Forest Lands In-
ventory, comprises a two-stage process: (1) implementing
techni[ues and procedures that attemptto reduce errors and
eliminite mistalies; and (z) reviewing all completed work to
identify and correct errors before any product is released. (A
good overview of the types of error in GIS databases can be
Iound in Thapa and Bossler (1ss2).) Quality control tech-
niques are implemented throughout the GIS database devel-
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Figure 1. Sample procedure sheet for automating tax
MADS.

detrimental. Even though a standardized automation proce-
dure has been developed, problematic situations can still oc-
cur, and automation personnel should be attentive to any
unusual or non-typical occurrences in the data. To improve
their knowledge of the procedure, automation personnel
should be individually tutored and supervised at the onset of
a data layer automation project. Further, it should be made
clear to them that using a procedure sheet is no substitute
for a thorough understanding of the automation procedure.

Record Keeping
Detailed record keeping throughout the automation process
is important. The Northern Forest Lands Inventory at SUNY-
ESF uses two forms of record keeping: Iog sheets and Iog
books. Log sheets are associated with each individual cover-
age. The sheets allow automation personnel to record the
progress and development of each coverage along with any
pertinent information concerning each automation step. Each
entry in the log sheet includes the date a specific task was
performed and who performed it (Figure 2). In most cases,
the entries in the log sheet chronologically match the auto-
mation steps described in the data layer's procedure sheet.
. -Whereas log sheets are specific to each coverage, log
books are specific to each worker. All automation personnel
have a log book in which they record, on a day to day basis,
the coverages they worked on, the tasks they perform'ed, and
notes or problems associated with their work. Log books are
the property of the proiect and remain in the work place at

Procedure Sheets
Procedure sheets are a very detailed set of instructions to be
followe4 when creating a GIS file, or coverage.2 In many
cases, the instructions include the actual software commands
to be used. Use of a procedure sheet insures that the exact
same procedure wil l  be fol lowed by al l  personnel. This con-
sisten-y is important when an automation step can be per-
formed using two or more techniques or commands which
yield slightly different results. (The clsnN and BUILD com-
mands in Arc/Info are an examDle of this: both can be used
to create topology, but only one can be rel ied upon not to
move arcs or nodes.) Addit ional lv, i f  personnel fol low the
procedure sheet in a sequential mann;r, there is less chance
an automation step wil l  be omitted. A port ion of a tax map
procedure sheet is shown in Figure 1.

For data themes,r where many coverages will be created,
procedure sheets make good managerial sense. In many
cases, automation personnel can merely consult the proce-
dure sheet instead of the database administrator when confu-
sion develops. Procedure sheets do have a disadvantage in
that they can lure the automation personnel into a falJe
sense of security. The belief that sirict adherence to the pro-
cedure sheet will result in a problem-free automation se--
quence, and, therefore, an error-free cIS coverage, can be

'zThe term coverage is used to denote a cts data file that contains
both positional and attribute information. It is, more specifically, a
term associated with such files produced using the ari/Info cts soft-
ware package.

3A data theme, or data layer, is a set of data representing a singular
feature type, such as roads, hydrography, or wetlands.
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digitizing, con't
date file name and task RMS backup initial lcation

C. CREATING TOPIOLOGY
date backup initial location

BUN-D--

D. ATTRIBUTES
completed

date file name and task backup initial lmation

verification

E. ERROf, CHECKING AND CORR.ECTING
completed _

date file name and task initial

Figurc 2. Portion of an automation log sheet for regula-
tory wetlands maps.
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all times. Notes, clarifications, or additional information on
certain procedures can also be recorded in the log book for
future reference by the worker.

The coverage-based log sheets and the personnel-based
log books together serve an important role in the proiect.
Should any problems be identified at any time during or af-
ter the automation process, the log sheets can be consulted
to identify the person or persons working on the coverage.
The problem can then be discussed with that person, or the
log bbok can be checked for a possible explanation of, or in-
s igh t  in to .  the  s i tua t ion .

Macros
A macro functions similarly to a computer program, but util-
izes GIS software commands. Macros are used in a variety of
situations, from establishing tolerances and other specifica-
tions in a digitizing session to facilitating attribute coding of
a coverage. Macros are an effective qualitv control tool, and
automati-on personnel are motivated^to use them because
they reduce typing; you can execute numerous software com-
mands by simply typing the macro name. When numerous
commands must be issued in sequence, using a macro can
insure that al l  commands wil l  be executed (provided, of
course, that the macro i tself  is executed).

Because many cIS software commands require a compli-
cated set of parameters-some Arc/Info commands may have
over one hundred characters in the command line-there is
often the potential for typographical or omission errors. A
command may still execute despite these errors, and the im-
pl icat ions may go unnoticed for some t ime. Placing compli-
iated command parameters correctly into a macro can help
reduce the potential for such errors.

The Digitizing Process

Equipment c ons i derations
In order to minimize (actually, to make consistent) the effects

of any equipment errors in the digitizing process, a standard-
ized map set-up procedure is followed each time a map is
placed on the digitizing board. Maps are always oriented in
ihe same direction on the digitizing board (for quadrangle
sheets, north to the top). During tic registration and digitiz-
ing, the digitizing puck, or cursor, is held in the same gen-

eral orientation. We have found that changing the orientation
of the puck while holding it over the same point on a map
can produce variable point coordinates. Holding the puck in
the same orientation will reduce such variations.

Errors caused by the digitizing board itself have been
documented (Giovachino, 1992), sometimes occurring only at
isolated locations on the board. Where these errors are signif-
icant, i .e.,  detectable, that port ion of the board should be
avoided during digitizing, and maps should always be placed
in the same general error-free location on the digitizing
board. In most cases, however, only very minor, virtually un-
detectable, errors are present in a digitizing board. Regard-
less, utilizing the same location on the board will help hold
these minor errors constant.

Personnel Considerations
Whenever possible, one person works on any one coverage
throughout its automation process. As a result, that person
becomes familiar with that coverage and any specific prob-

lems associated with it. More importantly, that person is
aware of what has and has not been done in terms of the au-
tomation procedure. Knowledge of the automation status of a
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coverage helps reduce the chance of omitting step^s in the au-

tomati6n p.ocess. In addit ion, having one per'son fol low a

coverage through to completion ( i 'e.,  having that person re-

sponsiEle for tliat co\reraae) improves the likelihood that any
pioblems will be solved before the coverage is deemed final.' 

A number of actions can be taken to improve personnel
performance. All automation personnel should be familiar

with the entire automation procedure for each data theme

that they are involved with, even if they are responsible for

only a small portion of the procedure' By p^ossessing this

knowledge, they will be able to both identify potential prob-

lems or errors, and correct them.
The database administrator should thoroughly review

each employee's work with him or her soon after employ-,

ment. The u"cn.ucy and quality of their digitizing should be

evaluated using both edit plots and large-scale on-screen re-

views (edit plots are explalned later). Such supervisory feed-

back is vita[ to the first-1ime digitizer' New employees must

be able to relate the effort put forth during digitizing to the

quali ty of their product. Moreover, many new employe.es

ai" ,tn"-ar" of lhe high level of accuracy required during

database automation, as evidenced by the fact that nearly

every employee's f irst digit ized product is reiected during

the edlt plot 'checking stage because of an excessive number

of errors.
Digitizing is a monotonous, fatiguing, and oftentimes

boring task. Howe.ter, it is a task that requires skill, accu-

racy, and alertness. For this reason, it is important to encour-

age digitizing personnel to take frequent breaks. Though -
dlgitiz'ing utiliies computers and peripherals, it is indeed a

physical lxercise, and a demanding one at-that. The recent
i*hr"n"tt of carpal tunnel syndrome problems attest to this'

In any event, no person should digitize for more than four

houri without a maior break from his/her work (Burrough,

1986J.

Preliminary Checks Using the Softwate
When all automation steps for a GIS coverage are complete,,a
number of preliminary quality control checks are performed

by the digitlzing personnel using the GIS software. These

cirecks hive the advantage of identifying errors before the

coverage undergoes final quality checks.-Preliminary checks
will find errors while the file is still in the automation envi-

ronment ( i .e.,  at the hands of the digit izing personnel and

not in hardcopy format), making error correction quicker,

easier, and more likely to take place. Moreover, digitizing
personnel are afforded the opportunity to examine the results

bf their work first-hand. Such self-review can be more effec-

tive at insuring a quality automation process than a data ad-

ministrator's ciitique. And involving automation personnel

in a portion of the quality control program may help foster

a.r udd"d sense of cbmmitment to producing an error free

oroduct.
One preliminary check performed by the digitizing per-

sonnel is for errors 
-of 

commission and omission. Errors of

commission involve a feature being digitized more than

once, while errors of omission involve features that were

overlooked during digitizing (commission error may also be

attributed to a sliver polygon). To check for such errors, the

cIS software is used tb generate a report on the number of

map features ( in most cases, points or polygons) in a cover-
age. The digitizing personnel tally the number of features on

tlie corresponding rirap or maps, and compares the map tally

with the r-oft*u.J."port. If thb number of features in the

coverage exceeds those on the map, commission errors have

s25
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EDTTPLOT MATCTIES SOIJRCE MAP EDITPLOT DOES NOT MATCH SOIJRCE MA}
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Figure 3. Hypothetical comparison of an edit plot to the
source map. The diagram on the left shows digit ized l ine-
work within an acceptable accuracy tolerance, attributes
for polygons coded correctly, and no omission errors. The
diagram on the right shows inaccurate digit izing and at-
tribute coding, as well as an omission error.

occurred; if the number of features in the coverage is less
than the number on the map, map features were omitted dur-
ing digitizing. In a similar sense, attribute files can be re-
viewed and the number of records in the files comoared with
the number of features that should have been coded. Attrib-
ute coding omissions can also be identified by empty or
zero-value fields.

Such omission/commission checks are not exhaustive.
They would not, for instance, be effective when errors of
commission balance errors of omission. These checks do,
however, serve as an effective preliminarv check and have
the benefit of being easy and quick to peifor-.

Another way to identify digitizing errors (in vector for-
mat) is to check the coverage for logical consistency
(NCDCDS, 1988), also termed topological integrity. Logical
consistency indicates features are defined with a correct data
structure. In other words, all lines that are suooosed to inter-
sect do indeed intersect. all polygons close, and, if attributes
are to be included, all features are labeled. These topological
checks are easy to perform. The Nrr,r's cIS software (pcArc/
Info) flags non-connected lines or open polygons on-screen
with a red box. Such an error would indicate either sloppy
digitizing or omitted lines. Unlabeled polygon errors can be
identified by comparing the number of attribute labels with

:lll:-O* 
of digitized polygons; the values should be the

Edit Plots
The final step in the quality control program is checking an
edit plot. An edit plot is a hardcopy output (usually pro-
duced by a pen plotter) of the coverage. The edit plot is at
the same scale as the source map, and contains all features
(points, lines, or polygons) and their attribute codes. The
source map is placed on a light table, and the edit plot is
laid over the source map (Campbell and Morteson,lg8g).
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Every feature on the source map is checked against every
feature on the edit plot for three conditions (Figure 3):

no errors of commission or omission-all features that should
have been digitized were indeed digitized (and digitized only
onceJ ;

no positional errors beyond a specified tolerance-the edit
plot linework overlies the source map linework; and
no attribute coding errors-the attributes listed on the edit
plot match those on the source map.

when checking this coverage for
would be better spent checking 1

' positional accuracy, effort
the curw roads instead ofcurvy roads instead of

the str-aighter roads. When digitizing a map or coding a cov-
erage for attributes, small or isolated featuies are moie likel,

For most cIS applications, including the NFLI, errors of
commission, omission, or attribute coding are not acceptable.
In contrast, it is impossible, or nearlv so, to achieve or meas-
ure the exact positional accuracv of-hand dieitized features.
Typically, some sort of tolerance standard is'set. Such a
standard specifies the acceptable distance the digitized fea-
ture may deviate from its location on the source map. In
many cases, this distance is the width of one pen line on
the edit plot.

The edit plot checking procedure is essentially a 100
percent sample of the data. It is very costly (in terms of
time). However, it is an extremely effective quality control
technique and perhaps the most effective melhod available to
identify errors of omission and attribute coding or assess the
positional accuracy of digitized features. There is no substi-
tute {or viewing the coverage in hardcopy format; examining
the file on-screen is simplv not as effective.

Conclusions
While a quality control program is a necessary part of any
GIS_effort, implementing such a program can be-expensive
and time-consuming. There are, however, a numbel of qual-
ity control procedures, including some described above, that
are easy to implement and quick to execute. With this in
mind, it is fair to say that no cts effort should be without
some form of quality control.

As stated previously, checking for commission and omis-
sion errors is an easy process, and, though not exhaustive, is
quite effective. Due to its simplicity, it is a good check of
completeness for a coverage, and a check that identifies er-
rors early in the automation process.
- S-houfd the 100 percent sample during an edit plot check
be infeasible, spot checking certain featurJs is a good substi-
tute. It is recommended that efforts be concentrated on those
features more prone to errors. For example, in a roads data-
base, digitizing very curvy or sinuous roads entails more ef-
fort and concentration, and therefore a greater opportunity
for error, than digitizing straight roads. If time iJ i concern

erage for attributes, small or features are more likely
to be overlooked than larger ones. It is these features that
should receive priority when checking the coverage for omis-
sron errors.

One technique that can be used to check for feature
omission and attribute coding errors involves comparison of
spatially adjacent cIS coverages. Such a check can be per-
formed on-screen or by using hardcopy plots. When eiamin-
ing th-e common border between two adjacent coverages,
each feature on one side of the border should have aiorre-
sponding feature on the other side (Figure  ). The attribute
coding of these corresponding features should also be the
same. Be aware that original source maps often contain omis-
sion and coding errors along their borders. If the maps are
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digitized faithfully, these inconsistencies will appear in the
coverages as well. However, they do not represent automa-
tion eriors. Regardless, this technique is a useful one, and is
especially appiopriate when performed prior to edgematch-
ing.- 

Finally, there is an unconventional and frequently ov-er-
Iooked technique (perhaps better described as a skill) useful
for identifyingsignlficant errors in a GIS coverage. Simply
put, it is helpful to have a first-hand knowledge of the study
irea. Such knowledge allows one to develop a cognitive map
of the area which can be compared with the database. Situa-
tions such as missing roads or lakes become obvious as
omission errors, or at least features in need of verification
against the source map. In a similar sense, automatiorr per- -
s6nnel must be encouiaged to be fully aware of the data with
which they are working, and be inquisitive about situations
that simply "don't make sense." Peculiarities such as an in-
terstate trighway coded as a gravel road or a wetland located

Figure 4. Errors on two spatially adjacent
coverages are obvious when examining
the coverages side by side. An omission
error is present on the right-hand cover-
age at "A", while an attribute coding er-
ror exists at "8".

on the side of a ridge should invite attention. Sometimes
these situations are real life anomalies, but more often than
not, they are the results of automation errors.

Acknowledgments
I wish to aiknowledge Lee P. Herrington for his comments
on this paper, and the New York State Department of Envi-
ronmenial^Conservation's Habitat Inventory Unit in Latham,
New York, whose automation techniques provided the stimu-
lus for several of the procedures outlined in this paper' The
Northern Forest Lands Inventory is funded by Congress as
part of the Northern Forest Lands Council's efforts'

Refelences
Burrough, P.A., 1986. Principles of Geographical Information Sys- -

teis for Land Resourcei r{ssessmenf, Clarendon Press, Oxford,
194 p .

Campbell, W.G., and D'C. Morteson, 1989. Ensuring the Quality of -
beographic Information System Data: A Practical Application of

Quality Control, Photogrummetric Engineering & Remote Sens-
ing ,55 :1613-1618.

Giovachino, D., 1992. Graphic Digitizer Accuracy, Technical Papers
of the ASPRS/ACSM/RT 92 Convention, 3:380-389'

NCDCDS, 1 988. The American Cartographer, 1 5 (1 ) :1 1-140'

Thapa, K., and |. Bossler, 1992. Accuracy of Spatial Data Used in
beographic Information Systems, Photogrammetric Engineering
& Remote Sensing, 58:835-841.

(Received 10 May 1993; accepted 9 September 1993)

feftey L. Nugent
|effrey L. Nugent received his MS in Environ-
mentil and Resource Engineering from the State
University of New York College of Environmen-
tal Science and Forestry (suNY-ESF) in Syracuse'
He is the technical director of the Northern For-

est Lands Inventory project at SUNY-ESF, and is actively in-
volved in GIS data development and exchange in Northern
New York State. His inter-ests include cartography and devel-
opment of data documentation standards.

NOW YOU CAI.I ORDER ADDITIONAL COPIES
OF ARTICLES YOU HA\M SEEN IN PE&RS.

For more information and prices on reprints write:
ASPRS

Attn: CarolYn Staab
5410 Grosvenor Lane, Suite 210

Bethesda, MD 20814 -2160

or call 3Ot-493-0290; ext. 24, fax:. 301-493-0208;
email: cstaab@asPrs.org


