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ABSTRACT

Use of the Jet Propulsion Laboratorv Image-Based Information System
is explored for mapping, charting, and geodesy. Methods and capabilities are
detailed, and recommendations are made on wavs to expand the systems A com-
parison is made of the approaches used in geo: phic intormation systems by
the Jet Propulsion Laboratory and by the Analvtical Scicnces Corporation.
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SECTION |

. INTRODUCTLON

. HAUKGROUND

The Farth Pesources Applications (FERA) Croup of the Image
— Proce i baborators CIPL) 0t the et Propulsion Laboratory (JPL) has been
. pvod it ecoeraphic rerote sensing rescarcin since the carly 197005, During
Peootaet decadey several appdications hased on digital processing of remotely
vt baeve been andertakboen, resalting in increasced knowledge ot both the

i il s naturad o environoents.  As carly as 1974, it hecame apparent
— o prerate b sensod datay even Landsat, did not always provide sutticient

‘ st et conduct particular spatial studics. ConscquentIy, multistape
ol teetnignes wore erploved o hope o obtaining more uscerul intormation.

S Bt aine d tron o several sources as owell oas terporal "scenes'™ were oiten

Pinod e ana v,
itk contioned dvancenent nd develapnent af remote sensing
) tocthne ey two i jor problors were concountered.s Pirsty the availabiliv and

o o rerate by sensned data tor ccorraphic o analvsis was stappering.

e delopices bed to be developod to reduce the valume of data into managpeable
Plestione while sl proving to be vwetul too e subscequent uscers ob the
e Secand and niore dnportant, tor rermotelv o sonsed data to o be most ouseful,
i et be anadvzed i oconjunct o with other jorms ot data rrequent Ivoused
i oo hiie analveds o suchoas o plandcotric o and thernatic maps, or demographic

retiene Sl solution to o hoth oor theso probloms vas to o be found witl the

oo Dere et s oo raplhi plormation custors (GES) . Ceopraphic intormation
e b cnab e the o mercine b vere tedy sonrod and rore traditiona!
coo b carce taterials tor cpatial o anadveis oand o snde lines o Furthermore,

. ol i e o T tedic Ui oo

[ ] [ T T R S F RUTE NPT O

D oetorase o renotels wonsed data, boeonming

Voaer e st b g e PUIS Chrevanty ot bey TUae s 0DYSEEY ) and
[T o cecter=hoo 0 te e o ioally stractared GESy vcovraphers and
P TR AR ot e i d thert these PG Lere v Gosdornod vt i
I R ATIN pecote e need data o etticientbe o and crtectivel,
) o C st bt b e B d T ot bon S be s (s L
L " [EUTE . Prist, 1977)e  Todan, SR nory e i
. TR Corr, SO prosrans por i Lo ‘ ot
T ' ! b i et ! AR BT RS A Cotiten f RS
\ , . . ! to, e, Fe b e, ‘; R RIS SVE M : Lot
. . [ P R P AR B tot VO e i e, T . Yooy P,
' i ) f [ toagy, . B f o1 P iy { (. . vl TR AU
! i . PR I R I
, .
PR [ P e [
4 L , ret [ S N | i [EEPE e, Dogs iva by
, [ [ A . e e g ! Cach o




ol

o

~toras

e tara
divi

i

L

il

’

L}
el

1}]\

ITadye .

e

pri

Ther

et d

that

ISR

'

4o important, since one prin

rost GIS store data as strings of topologicallv Tinked
rary o tornat tor data ostorage vithin ITBIS is the raster or

are several advantapes to storing data in raster format, one
coardinates arc not required to designate the location of
Tocation being derived inplicitlv by their position in the
irv objective of the GIS is to
sensced and more traditionagl rorms of spatial data, a raster-

Lvsten provides the most otticient means to establish the

TUods o very o casy to depiot Intorrat fon obtained from thematic
oipn o dn drare tormats Hovever, it is not casy to depict image

e teature whioh o sete TolS apart trom o all GIS, is that ITBIS is
i svaten comrenly referred to oas VICAR
cuslboation and Potriev:el)e The developmnent of VICAR began in

Stencive im0 proco 559

"too i bitre thie o acqui ition, processing, and recording of
SUoCse fdnn and Stk 19790 =)0 Initially VICAR was a

Sotary scientisty oand wvas used to nap the Noon, Hars, llercury,

oV nne . Vot recent by VICAR fas been used Lo process data
. tors Vaare r spraceera it
i catrenwe by o bl and o versatile svstem, and in

cetary drngee pronessine it b been used for processing

by renmrade b ety ad the humam bodve o Vith respect Lo
preh e suroc ey il st fonres asdinge VICAR and TBES have bheen

P the o rd=tuieT L,
[ ‘ P et b [
Pl sy et ier o PRI o e deviened to etrective by
cro e s bt died b dE it processing of Landeat
Soree e b b the iy b plhoere Thils vas sccompliishiod by
o oo Bt e o b = roqiee aterial o tor the
' ool e e oty bat don it o cormmon vy Froown heaondarics
! bl e Bt Iy ey Lyeant, 19 )0 TEDS provcdd
H ‘ [T oo R TR .
AR A : o Crot i the o« oy TRTS was nsed
vl e el ! ! NI 1ol tia }lii‘\.ll“ SUoo o ol
Coon e Crob e, ot b, PSR o T tepes which
BN L i : Cod st e st sy et L]
: i : b 1 i .
N ! i el
' ' R : Crd
. C . . P it cin [ R SR
N . R ! ' ! A i b Pote .
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Some of these mosaies are in fact multi~layered data bases containing Landsat
- iravery and digital terrain information, in addition to land cover data
‘ obtained from multispectral classification. Highly sophisticated image
revistration (geometric transformations) routines enabled the structuring of
these data bases with precise planimetric qualities (Zobrist, 1979). Vhen
. nultispectral dita was not available for all aspects of a spatial analysis
o probler, LIS provided the technology for merging Landsat with non=image data
L in modeling applications.

Urban expansion around major nmetropolitan arcas was modeled through
the combination of Landsat and census data depicted in an image format
(Fricdran, 1960),  Land cover maps ard tabular reports emphasizing census
tracts which exhibited markbed transitions from non-urban to urban land were

E- denoted,

riips and other non—imiage source materials, have also been completed wvitt
IBISe To one application, the potential for extraction of coal from a

Cartographic applications, solely based on the analvsis of thematic

particular scam in [llinois was determined (Farrell and Wherry, 1978). et
project requicred the building of a complex data base consisting of sev 1
[ digital images that vere constructed trom a variety ot source material

ohtained in variocus scales, formats, and levels of completencess. A mo.
rocent application {Logan, 1981) dealt with the analysis and modeling o the
potential tor debris stides occurring within mountainous terrain,

| PURPOSE OF RESEARCH

Rescarchers gt the U.Se Army Engincer Topographic Laboratories
(ETL) have been interested in determining the capabilities and draubacks of
varions GIS tor mapping, charting and peodesy (C1IC&GC) applications.  After
E Learning the capabilities of the ODYSSEY System (a vector-based topologically
Ctrictured GIS) tor MCsG applications (Sharplev, ¢t al., 1978), the ETL
roscarcbers becane interested in determining i a raster—based GIS could be
re nsctul tor NC&G prograns,

[na cooperative ettort between JPL and ETL, o program to test HNCSG
coapabilitios o IBIS was tormulated and inplenenteds The primary center tor
\d this rescarcio vas the Inage Processing Laboratory at JPL, while technical

dircotion remained with the YTLe  The purpose of this report is to pravide
reccarebors e BETL with the results of MC&G rescarch conducted at JPL under
contract NAs/-leng Task Order RD=187, Amendment Noo 125, entitled An Inape

bascd Approach to Mapping, Charting, and Geodesv (19680).  The period ot

recearch was trom January to Aupust 1981,

®
VN Ko venrehs b jectives

) The purposc ot the MCSC task was to denonstrate the ntility ot oa

, rocter=bhoood approach to mapping charting, and geodesve  The 1olloving

® ch i trves were o omphasized during the execution of the 1C&G task:

d 1-3
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(1) Demonstration of basic data manipulation capabilitices of IBIS
including vector=-to~image conversion, geonetric and
planimetric rectitication, and polypon overlay.

() Demonstration of the capability to incorporate digital
imagery (core, Landsat multispectral) and digital terrain
data into the data biasc.

(1) Demonstration ot the ability to add new data plares or update
previousty conpiled data planes, without redigitization ot
basic datas

(") Demonstration of the capabiltity to integrate and merge data
trom o several data planes,

() Demenstration of the capability to query the TBIS NHOLG data
buase tor determining ansters to specitic questions pertaining
to intormation stored in the data bases  Output products were
to inclade both (1) thematic maps depicting the spatial
divtribution ol the desired teatures and (2) tabular reports
summarizing aerial coverage ol such features.

feplomentation

Pheo it base was constructed using an TBM 370-158 computor located
i i drace Processing Laboratory at JPLe o The primary softwvare packages
(o processine the data vere IBIS and VICAR . The source materials
cre e ided b othe PTE in the torm ot threc tile transparencices.s Four
) totberes e included:s (1) Tand use (Figure 1=1), (2) topegraphic
v i I=0, (8) dth=ccar ploodplain (Fipure I=3), and (4) land use

R O leos vire I=9)¢  These data were converted into vector format by
et Corporation, g local data processing vendors The process
e e edie s o ol pertinent boundary teatures and respective
ot e tetres o b three mapse s The vector tlles were
! St teor ot PR and cvertual vy became the foundation tor
! ! .
i oo e e and b be a v omparative study to o g
S i bt et et by Thie St Sctences Corporat ion
Yol o, o Ly TS e the P Tl ectie mayp prodoc ts and
! S S A R SR e b PR e e d to provide puidelines
I ! o P lovr bl ot Lo b trar IPLe However,
Coe cahecr e VIS it T trcgnent Lo reterred Lo
! o o, e e Vel o by Proee st b hoen nsed 1n the
ot ’ ] ' RN t P R S R R R S S [
e o E Pt RS IR U A SRV SN SPE I T I SUNE S SUPOU




Figpure -1, Land Usc Base Map Used in the NC&G Application
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o
C
vhere most map products were produced by printer-plotter in the TASC c e
. . . . . |

> publication, map products were produced via digital-to~analog photo-recorders °
in the JPL task. Since certain inherent differences exist between raster and \
topological approaches to data storage, processing, and display, some products R
produced by JPL were not identical to those products produced by TASC. L
. :._. .‘

The task vas to be divided into two parts. First, a high

resolution MCLG data base was to be constructed.  That data basce was queried '

-

Lo demonstrate the information retrieval capability of IBIS. A sccond HC&G
cubtash wos to entail registration of dipital imagery (both Landsat
multispectral seanner (1SS) and Detfense Mapping Agency (DA) terrain data) to
{he MCEC data base, Nowever, no inagery of the study area was available at
JPL at o scile suitable tor inclusion in the data hase. Conscauent v, that
qubtask was not completed. -

.l




SECTION 2
CONSTRUCTION OF THE MC&G DATA BASE ®
Jal PREPROCESSTNG

The creation ot a denonstration data base for the NC&G rask
invelved the oxccution ot a set of data processing steps collectively refoerred
to as preprocessing.s In this context, preprocessing refers to all procedures
invoked during the data basce preparation and formation phase ol the project,
When oraw data are made available in the form of map transparencies as in tle

HELG application, preprocessing invelves six distinet steps: (1) coordinate
Afpivivation, () Jogping and revormatting, (3) spatial rectification, (4)
veolor=to-inia. conversion, (5) raster=image region formation and identiti-=
, and n) pesion Tabeling. When source materials are obtained in image (]

catiorn

tormat, prenrocec inge involves the steps (1) lopging and reformatting, and (2)
sootial arienrent and rectification,

R Coordinate Digitization

[ETS daty sets which store spatial data as raster—type images arc
retorred to oo data plances. When source data are provided in the form ot

Beratic raps ar other two=dinentional hard copy products, the pertinent data

St be converted to odnagpe tormat. First, line scegments and other important

o teature s are digitized with an clectronic coordinate digitizere  The
cicditicer nreduces vector strings, or line segrients, vhich are then convertod R )

T P Torrol o,

Tho dicivivinge process involves tracing all live sepments bounding

Gt e Cowray Tand e volveons, and census tracts) and/or recordin
spoecdrie pe it e tore st Gy bench marks or labeled identificrs) cith
the id o v and o specbally convtructed table containing o priddod .
O cree e s irion ot the cursor is monitored at oall times beoo
Porovrcr sy e e b sewronts are traced by the digitizer operator,
e e e v s bt o athor peripheral storage devices Uit
o cp bl or o e cter ey o= line editing of the data can boe opoertormed
0.
I R Slor, conrdinate digitization vas s rioreed hes
e v oo ety e vendonr, Thev !‘T‘l'(]lll'\ d ot Sty
T o e e T e r o e Uirsty, Tine scomente dering
' T T I P P R LN RUNPES ERRRPALIE o BRI vi]l\"), anothor wotooe
I I ctredd Tetory ction. Cheer bt (o L=
I RS SUFL Phe e ot ver ity the quality or i ®
. : Forr cor b e Bipmre U=y o ctaa b by D oo ¢

' o Lo tere oty ety ot thie capabilite o TRIS e e

Bt Bt St Bl Bas B e g P——
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iy oand Retormatting
prioed map gnt s vere transterred trom the vendor to JPL ag
ottt tapoe A the first step in forming the IBIS data
fev e paoditicd Lo ocontforn to VICAR svstem standards.  The
oot wdditieas o proper label dintarmation to each files The
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to control the transtformation. Distortion removal by rubber sheeting has been
found to he vitective tor rectifying spatial anomalies frequently attributed
to diftering nap projections and map compilation practices. After geometric

‘I transtormation, the correspondence between all data sets was acceptable
(Fivure 2=7).

A Vector=to-Inage Conversion

L. The atrine and peometric transformations were performed on the line
seement data while thevy were in vector format. Upon satisfactory completion
o the spatial tranformations and sclective ediL€ng3 of line segment
information, the vector data were converted into digital images”. Four
individual images, or data planes, were produced: (1) land use, (2) 100-foot
(30.4-m) clevation contours, (3) 100O-year flood plain, and (4) land use

2 revisions  (Figure 2-8).

The lTand use map was digitized in two sections (Figure 2-9); they needed
1o he corbined to form the complete land use data plane (Figure 2-10). No
apparent seams, cxstra lines, or artifacts resulted from the juxtaposition of

Ul twlan imiages.

»

’ Atter the tour thematic image planes were produced, a special composite
irire was created by combining the segments of the four source images. That
imave, reterred to as a conposite-feature (CF) data-plane (Figure 2-11), was
entabhlivhed to enable effective querving of the data base in later
coerations. The CF hase is similar in concept to the least common geographic

il foit ool (LOCT) used in ODYSSEY (Sharpleyv, 1978,pp. 3-4) and other

: Cocter=hboscd mpping svetems.

- Ceden Recion FPormation and Identitication

-

] Stter conversion 1rom vector to imape format, the IBIS raster-

e termngtion and identitication process was performed on all four thematic
ot anes i addition to the CF data planes  Being very difterent from the
fes preaedures utilized in vector=based svstems which include locating and
: : Do Gory o mserment s, and nininum mapping units, the IBIS process
RS foirle G adinting procedure that assigns cach separate geographic
® Pocioe with i orinal identitication code.

ine ooemente vere not properly dicitized by the vendor. To ensure
® vt b dara bace ool b properly o structured, all files were edited at
ot s re b ot e s cine Tine serments were added before building

gt Pl ! t .
Ceccr o it o e i ot by converted to dnare space pixel Jocations.  Each
e e e e ered oo s T pixe D undts and were comprisced ot
. . . RO e Nine o svevment s wore encaded s owhite (25 DY) while
» Coo ey e vor cnnaded black (e ).
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Figure 2-8. Images showing the Four Data Planes (The four data planes:

land use, 100 foolt contours, 100 vear floodplain, and land usc e
revisions were converted into image format and became the . :T’{
foundation for the MC&G data base,) o p
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FORVATION ¢F THE DATA BASE

Vith completion ot the preprocessing stage, the franework for the

e iU hase s established (Figure 2-15). Tt consisted ot several
voventational tiles derived trom the four original thematic data planes
Fand o, contours, revisions, and tloodplain) and the nevly established CF
P STEIN S el o these thematic overlavs, o Hine sepment inase, a region

. Ton dintertace tile vere produced.s The final processing steps
: rocempletion ot the data base entailed the establishment of logical
Pilees reprosenting the thermatic data overlavs to the intertace
' colocoe e ot thie OF bases Two procedures were performed: (1)
N deoaed () reraine ot intertace files.
oo Plane Overtoay
Iraee Plane overtay (oonventionally referred to as polypon overlay
“ a=hood wvstens) is o process which cnables the computation of the
e G ocourrence ol ospecitic teatures in oone inage within the context
i diced rogsions {(Ceve, polveons) detined by a second image.  The overlay
ooaodure b hoen utiliced in o previous applications to derive the frequency
prrence o Tand use teatures within civil regions such as census tracts
oot beardaricess The recults of the averlay procedure are stored in an
i tertoaoe files
Topicallyy, an iatertace rile produced from the overlay of two
! citains throe columns describing corresponding peographic region
! LY Lo cverlaid fmapes o two columns and pixel summations (the
" e piwe ba) inoo thivde In the case ot the NCSG application, o
' crlac preeedure was developed to o enable the sinultancous overlay of
+ ‘l H et .
P, o the INLG pradecty the dmape plane overlav procedure
: ooooobieins the crtributes of the tenr thematic overlavs with the
o e resditant intertace tile contained sis ocolumns of
b -
ooeohe o phaee e dderived threaeh the combination o the tour
o Caviteey the e sualtant ieape plane overlay o pile o was o simply
SRR TR T R coaoatpbe, the characteristics of region 25 of
v owbiic b rorees the npper richt-hand corner of the data base, will be
: fvo e tai . Yo o boanding teatnres controlling the spatial extent ot
Cote Tine weveents trom the Lond nse data plane and the edpe o the
coee e taatnre Grea o resions within the other three data planes
S cond the o reyion OO hoarderes The corvespondingg region Tabel
vl e s throagt i the drage plane cverlay tile
e s e e o e b et e cver oy v P ror the Land nee
P o ey e et e b i Sy and 1o thie fand
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oot e tren the tour centrold intertace tiles with the inage plane

Tidle, o new vomposite intertace

o gt hugsie (»[n-l"‘xli'm‘-\.

Plee =G Partial Listing oy Data Plane overlav Intertace File

tile was produced which

Tibic J=4. Column Features of the Image Plane Overlay Interface File
Column Contents
] Revion identitication code: CF data base
2 Corresponding region codes Land use
4 Corresponding region coder 100 foot contours
R Corresponding region code: 100 vear flood plain
B Corrcsponding region coder Land use revisions
t Pisel summations for region "n' of CF data base
.. Ceroin oo dntoert e Files
Cithout provision tor determining what attribute label polvgon
P the dand vee drveece, tor o exanple, little can be understood about
e o it ion ot resion oot the composite teature image. By merging label

is

I Rt Y O B U G %) ) )
Contentar o GEORE! LU CONTOUR - FLOGD  REVISTON COUNTS

| b } ] ] 1019
B N | | | 209

} § ! | | 030
) [ [l 4 | [ 302
It Y /3 i | 354
s S0 B ] ] 8
. e Pivol Uadit i ations e the Doedter Intertace File

ot mrrentations to the dintertace tile were recuired
Prteadaee riles turthor intormnition was requirced to o support
oot T ot b ot }w!"iu'xl g I'i]\l ion,

frety e aren s arcrant s o1 polvyons would beoreguived

i b oy acre ey omd square mi le o caleunlations wer
P addiiriana o Taene o the dntertace vites The areald
C cteopertereod throash o the o nac ar the IBIS mathemat o]
v e i e e et inter ot with the intertace il

L I T I S R AR YR B RS E

'

torm

e ry

i

portorned

tittie 11
throweh




Tia el e totlen was pordormed to enable direct querving of

Rt e e e Ui CREY guers oporations require numerical codings for

et Lo atiyotelre bty the alphoebot e labels contained in the interface

. Ui R Lot o o curerical tormate This required the addition of

O A S A RS o,

s iitert e tiie, cortaining tabular intformation pertaining
o o sy centroid=ratel, (3) pisxel counts, (4) arcal

: vas two conpletes The file will be

Fioooo i1’ e The master interface tfile

[ T PSR Coderopr tiey {Table =),

[ AN S S AR IR SV IS

s LT e D atDE D S LML TERRATN DATA To THE NCEG DATA BASE

oty o b e tives was to demonstrate that Landsat
o ol et s e the T data hases T was also proposed that
ol s s e e sisterod as we b e Howevor, due to extrene
I N R Potee s o et dreeeery and the data boso, the addition
L S St bhoeee sroved to be aouscless caerelise.s The
: e o i o resolution o 20w 2 reet (7 0w Tm).
. : : T T P I SR B R B SRS
' Coio o e e horweon the tuo tvpes ot data was 113,
EEE e oo tral g

ution ot b meters, it owas

the Landsat diita were repistered
S 09 by 8L pixels) would be
o e S e it b bel s 2o piwels ) Such Tittle
. e oo e e s it e wondd be considered meaningless
a S A I e e e it data was nol o processed. Other

o S, Pl e e not readily o available at JPL.

e I not b registered to the NCu data
it citective s in other research prograns.
, o e e date were combined to o study urban
spatial extent o the JCLG data
Cre U o e barser v, the resistration ot Landsat

¢ ' o ' o e dntertoace pile can o he tonnd in Appendix B
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Table 2-5. Composition of Master Interface File

Badh 20l B s aan Bas S A M g

COLUMN Use

[ Georeference data base polygon numbers

2 Number of pixels per polygon

3 ~unused-

4 Land use Corresponding polygon code from these
5 Contours data planes

6 Flood plain

7 Revisions

8 Number of acres (computed)

9 Number of square miles (computed)

10 —unused-

11 Land use Alphabetic labels for polygons
12 Contours described in columns 4-~7

13 Flood plain

14 Revisions

15 Land use Numeric labels for alphabetic labels
16 Contours described in columns 11-~14
17 Flood plain

18 Revisions

19 -reserved for query-
20 -reserved for query-

Number of entries: 764
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SECTION 3
3.0 TABULATION AND QUERY OPERATIONS

The completed MC&G database can be utilized for a variety of data
processing operations to obtain information about the Healdsburg study area
which the data base represents. The most basic of these operations is the
calculation and reporting of areal measurements for polygonal regions
comprising the CF data base, or from the other polygon data planes within the
data base. tlore complex operations such as questioning, or querying, the data
base are also possible. In addition to obtaining tabular reports as a result
of specific queries, thematic maps depicting the spatial distribution of
features identified by the query can be produced on request.

The most important data set for tabulation and query operations is
the master interface file. It contains valuable linking information
describing the association between geographic regions comprising the CF data
planc and all other raster-region image planes. Both numeric and symbolic
labels describing qualitative attributes of ecach geographic region in the CF
data base are stored as well. These labels provide a natural mechanism for
linking the data base to the Healdsburg study area. Additional data such as
histograms (i.ec., pixel summations by geographic region) which were obtained
during the image plane overlay procedure are stored in the master interface
tile.

Image planes are not required for simple tabulation, as all data
(labels, codes, and pixel counts) pertinent to the operation have been
previously encoded in the master interface file. However, several image
plancs can be required for query operations. The most important image plane
utilized in querying is the CF data plane. Other image files which are
frequently uscful include geographic feature outline and region identification
images of the four thematic overlays. The outline images can be used as a
spatial referencing tool, providing a cognitive association to the Healdsburg
study area, while the various region ider: ified images can be directly queried
through the master interface file.

3.1 AREAL TABULATION

The master interface file contains most important information
needed to compute areal measurements for geographic regions. For each
geographic region comprising the CF base, its identification code (paint
number) is found in colunmn 1 of the interface file, while the numbers of pixel
units contained in vach respective region are stored in column 2. The pixel
counts were stored in the master interface file during the image plane overlay
step covered in Section 2.

3.0 Calculation
Since the pixel counts (column 2) for each region in the CF data

plane (column 1) were calculated previously, the calculation of area in
specific unit measures, such as acres, hectares, or square miles, was a simple
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operation involving the nmultiplication of pixel counts by computed scale
conversion factors”. The scale conversion factors can be plugged into
simple algebraic expressions:

(1) ACRE
(2) SQMI

NPIXELS * 0.00182736 or
NPIXELS * 0.000014348,

where NPIXELS is the pixel count for any given geographic region, and
(L00182736 and 0.000014348 are respective areal scale conversion factors for

acres and square miles. The results of the calculations, ACRE and SQ1, were
stored in columns 8 and 9 of the master interface file and were printed with
the execution of an interface file listing program (Table 3-1).

3.1.2 Aggregation by lLand Use Codes

The tabular listing referenced only by region identification codes
of the CF data plane was only marginally useful. It was hard to interpret the
meaning of the reported information in any context with reference to the study
arcd. A more useful analysis tool would be obtained if areal calculations were
lined to specifically known thematic features from the source maps. For
cxanple, the land use overlay could be effectively used for that purpose, and
such a report was easily generated with information stored in the master inter-
face file.o Columns 4 and 11 contain important attribute labeling information
tor the generation of areal tabulations aggregated by land use codes.

The process of obtaining a tabular report of arcal coverage by a
specific topical theme, such as land use, involves some reordering and aggre-
gation of data components in the master interface file. Since the formation of
most complete land use regions wvould require the merging of several adjacent
regions in the CF data plane, attributes of those smaller polygons had to be
nerged in the interface file as well. First, the file was sorted numerically
bv ordering region identification codes (column 4) representing coding assign-
rents made to the land use region labeled image during the PAINT process. That
cperat ion caused a Juxtaposition of all data representing specific land use
codes to adjacent rows of the intertface file (Table 3-2). Then pixel counts
trac ol CF data plane regions which collectively represented specific land use
revions wore ageregated to obtain total arcal definitions for all independent
Loand vee regions with the data baseo With the addition of alphabetic attri-
bite labels for the land use regions (stored in column 1), a final report was
praoduced (Table 3-3).

As computed carlier, the relative map scale of the data base is 1:240,000,
being scaled to U1 of the original map base having a scale of 1:24,000,
At 246,000 1 pixel equals 9418 x 10(=3) acres or 1.43 x 10(=5) square
milese  In conventional representation | acre cequals 108,9 pixels, and 1
square mile covers 69,696 pixels. The linear resolution of a pixel is

20 % 20 feet to cover 400 square feeto The total study arca, 1,008,000
pixels, covers 4,46 square miles.
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Several o other thenes conld be represented throaph sorting and appregating

Codntorration in the intertace tiles For oexzanple, one usctal report could be

‘ Dorived trorm reportine sl unique thematic conbinations between the rour map
e overtavs (hable 3= 0 The data processing steps used to obtain that
Poport owe re similar te those wsed o the previouns exanples The operation

ol ved the utilization oo Fow o dabel fatormation wbiich desoribed the
ctribhutes o the tour thoenatico overlavs tound o coltumns T1=18 of the mastoer

Tt oo ciles.

Lo [
bt ansalesis o tabular Tisting suchk as those produced for the previous
ooty s et de oy intormation can o be learned about the Healdsburg
P el The croportional coverage ot ospecitic Land use or topographic features
ol e chotersdnede s Poer the size o and topes ot regions vhich could be subject
' coere chendine daricge o Tet=vear flood could he determined with some

ot tecver, the ot o value ol the intormation and the utility ot the

L S oo bieited due te the cambersome nature of the report struacture and
i e L Cotthe dats o sets involveds The missing olements needed to make such
T o the data hase really userul are selection and spatial refer-
c i ittt the repart procodure previously o descoribed, there is no wav to
oD e ine what o conditions specitically o exist, and it s impossible to
Dol e specitic teatures ob anterest exist without cumbersome analvsis
Cre Dol e pape Purthermore, there s ono o mechanisn to provide a ospatial
oot the analvsis,
o opercotion has been develaped to provide an casy methed for

o lected racts tromoan IBIS dats base in both an ordered listing tform

Prioma ]l Tvoin oo spatial o contexts Since many disparate data sources may

oerctedin g weorraphic data heacoy topieal dngquirices, some of which mav
. co b i atructnre that they conld not o he casily perceived throuph
ol e dnterpre tation, can be constrocted to Tearn about the nature

Ceoost o s teatares stered In thee dats hase.

Cr I T TR N A Y R C ST AN TR S o SRR N quest ion. The answor
R AT I P D N S S SEE I R SR TS DR S P ARG Tevo primary data sotr
e ‘ et ere “ton terioon i h ceorcterence hasco,
ot st b hoe e s T i o it b oot cotunc Lion renerator dind
' Proeeo v dine vt iee Cohore e thr teped e atilised.
.o P le e e
L N R B AT O TR S B Feoors worne tacts about the study ares
oo et beandne o r e s hree o bor s ey a0 gue st o could be posced: e 1
;
_
[ [ U (T R R ATE I i e code NCUDT 9
D
Doactoagre by TRTT ce e e iy st o oy ahin i ties Tave not been IR
N : . : . . A -’ - 9
oo b denc e e b e rbe e i o b e tien in normal L
et i oy e b o sen o oot D oo Trntead e apeciad ‘ ® 1
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vt dr s baae te tind ol lands with ocode ACCT G query statement s

(C15 ko, 1),

chere CY represents colunn 15 of the master intertace file wherd

Povd e cndes were storeds JEQC as in FORTRAN s the check tor logical
Sl i this casoy represents the numerical label tor land cover

. he corputer has been asked to identitv all entries in the raster
oy where din ocolurn 1Y the value TOCACCY has been stored. [nter-
Cothe o computer treats the query as oo binary operations Tt ointorprets the
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where in this case the computer is asked to find all regions with topographic

relief codes greater than 2 but less than 4. Again the result of the query is
binary, cither true or false depending on whether the topographic relief code

is between 2 and 4 exclusively. As in the previous example, a tabular listing

(Table 3-6) and a distribution map (Figure 3-4) were produced.

3.2.3 Multiple Column Queries

Queries are not limited to asking questions from single columns in the
master interface fileo Queries can be formulated to involve multiple columns
as welle For example, to map all lands within the flood plain but below 100
feet (3005 m), the query statement is formulated:

(C17 .EQ. O .AND. Cl6 .LT. 1).

The question which has been posed is to identify all regions having a code
of 0 (within the flood plain) in column 17 and all regions less than 1 (below
100 feet) in column 16, The results of this query were reported (Table 3-7)
and mapped (Figure 3-5). Of course very complex queries could be formulated.
Seme of these will require sceveral steps for completion. For example to show
all land use polygons which have been altered by revision, the query starts
with an easy expression:

(C18 .NE. 0),

kut becomes complex in subsequent interface file manipulation and merging exer—
cises invalved to determine which land use polygon codes (stored in column &)
have been partially or completely altered by land use revision. As in other
queries, a tabulation (Table 3-8) and distribution map (Figure 3-6) were
produced.

it £ 4 o
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Tabular Report of All Areas Between 300-400 feet in Elevation

Table 3-6.
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SECTION 4
CONCLUSTONS

The JdPL task, An Imape Based Approach to Mapping, Charting, and
Ceodesy, has been completed on a best efforts basise.  Most items outlined in
the Objectives section (Scetion 1.2.0) and the MC&G task work statement
creparced by the ETL have been producede The products and results obtained )
froc this study, though similar to those produced by TaSC (Sharpley, 1978) in »
anovarlicr study vor ETL) reilect the specitfic features and data processing :
ilvorithms which make IBIS o unique GIS.  In completing the MC&G task, several
Improvements and areas for expa sion of IBIS capabilitics were identified and
ire covered in the tinal portion ot the section.

rol REVIEW OF OBJECTIVES

The tive basic objectives outlined in Section 1.2.1 were derived
“rem the work statement preparcd by ETL for the JPL MC&G task. The objectives
aore conceived to demonstrate the capability of IBIS cartographic data in
Bl hainy oo Jdara base rar JCAG operations. The capability to execute a defined ®
wotoot areat tabulation and quers operations was to be demonstrated as well. -
Coat ohacctives and data processing operations were completed satisfactorily,
oot cne b e tive wae found to o he jmpossible to complete.

vl Demonstration ol Basic Data Processing Capabilities ®
o,

e pricory objective of the rescarch task was to build an MC&G
oo hose with RIS Basic to the objective is the ability to register all
doate oo g cortaon omap base (planimetric base) and the subsequent conver-
ar ot it te e dormat.  This objective was completed successfully.
fte iy sped ]l rubbor shecting alyorithms were utilized to register the °
il nee revision data oscet o to the other three data sets. This demonstrated ~

sl st il alignment and tocal distortion problems frequently encountered in
oo o GES) whiielr can be caused by several factors such as diftering map
Crechections, map conpletion errors, human inferences, and simple errors, can

e ddentitied and removed with IBIS,

L
R Depmonstration o Capability to Incorporate Image and Non-Tmage Data
Powres bioped ther Do ss and MA digital terrain data could be
Glded Lo rhe MCEG datss by o ver, due te extrime scale differences between
i drapery and the dita bhaoae, the merging operation was not completed since °®
farce=scale imapers o0 the ctady area was unavailable at JPLe The scale
Gditterences wWere o estrere toot o the dipitized cartoeraphic data were trans-
rarmed to the HU=metrtor oro dur 0o the dipital Landsat data, the relationship
ctothe map data toore cbite e b Lot Similarly it the coarsely resolved
Landsat digital deovory oo oo i tercd te the MGEG data base, so Tittle data
wonld be added teo the dor s b that it wvenld be considered meaningless in °
cabsequent operat ione,
® )
4=1
4
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hd
ol Demonstration of Ability to Add New Data to the Data Base
F‘ Ssince the IBUS data base consists of several independent image
Slones and tabular tiles, the system configuration facilitates cither adding
. or o cuhstracting intormation from the data base as Jong as complete inage
plancs are added or deleted in the  process.s  New image tiles can be added and
- dd g iles deleted at anv time. Image tiles comprising the data base can be
soprocessed or noditicd and returned to the data base as replacements for old
h froeee planes or oas onew dnage planes.s When compared to topolopically structured
Silos, TEIS 08 not o a ripgidly structured data base that requires all relation-
<bips to be detined at the formation of the data basce.  PBIS data planes are
‘ and con be dncluded in oor excluded from data base operations at the discretion
. o the anatvest. When needed for a specitfic application, selected windows from
. . e the data planes can be specificd for moditication.s Resultant images
i' oo he added to the data base as new image planes or as a replacement tor
L“ ioting imag e planess  In the case of adding land use revision data, the
) wiciaal bind use data plane was not moditficed.  Instead, a new data plane
! oo tine land use revisions was produced and incorporated into the data
oo Uhiis method provides an added feature to the data base, the concept or
Pooe e temporal nature of non-static thenes such as land use can be
oottt ooy oanalveis and modeling.
el Permanstration of the Capability to llerge Data

The ability to merge data from several adjoining map sheets was
rrated by the concatenation of the two partially complete land use image
ST Coons and bottom) into the Tand use image plane used in the data base

.

trot fone Moo seams or misregistration problems were apparent.

ce b Demonstration of Guery Capabilities

o prime consideration in building the HC&G data base was Lo cnsure
e edure which would enable the querving of the constituent thematic

wtes comnrisdny the data base could be implemented.  The queries were
vroed i stored macrolanpuage procedure vith the aid of a mathematical
Heratore  Byocommunicatiog to the master intertace filey, querics
! el Lo pose wpec il gquestions about the study o areas Results were
tec i tababar tore, and thematic maps were also produced.

e agnery procedure utilized would satisty all necds tor obtaining

Pt iron the current MCSG data bases  However, it the size ot the data
cowe o espanded to include (1) a larger geographic arca, (2) tiner spatial
ool oy or 00) more data planes, the query procedure mipht becone
coe st o Proposals tor g new query method are covercd ot the end ot this
Cio
. SO CHTPARTSON BETWERN TP AND TASC APPROACHES 1o &G
Althonyh some deliverable products prodoced ot JOPL are sinilar to
Cooresdu o d by TASC) the data processing approaches enbodiced by both
e as are o quite ditterents The ramitications of cach dnstitution’s

‘.v




prep———

»

*

PP R P Y L NP U I 4

oy ¥ . "2 L a w o

philosoplhv and approach to the processing of spatial data affect the actual

time expended in both the building and processing of a data base, as well as
the flexibility to solve a varietv of complex GIS related problems with the

data bhasce.

S Svstem Contiguration Implications

The most fundamental difference between JPL's and TASC's approach to
DCSC operations arises out of differences in the basic components comprising
data bases tor both svstems,  ODYSSEY in a topologically structured data base.
The most basic element of the data base is the point on a Cartesian plane.
Groups of points torm line segments, and several line segments are chained to
form a polvpon.s  The concept of insideness (i.e., being inside or outside a
specitic polveon) is not intrinsically known without inspection of polygonal
cdges, or line segnents bordering a polygon. IBIS is a raster-based GIS, the
raster inage being the basic format for data storage. Though line segment
files are processed, they arce included in IBIS to provide the mechanism needed
to add non~image spatial data to the data base. Where ODYSSEY considers points
to be the basic geometric unit, pixels serve the same pupose within IBIS.

Pixels are a unique storage feature. They do not need to have
vaplicit positional referencing as their position is implied by their location
in the raster displayv. With IBIS, a geographic region is defined by all
adjacent pixels having the same gray value. This data storage format favors
=imple histogramming techniques such as image plane overlay or areal calcu-
lation and also enables the utilization of the entire VICAR image processing
svaten program library as a supplement to IBIS programs.

Wl Output Products

Both GIS feature tabular line printer and spatial display of data.

The tvpes ot tabular reports available from both systems are virtually
identical, as the same basic types of information can be reported. However,
maps derived from data base queries are distinctly different. Since ODYSSEY
deals with edges, only the boundaries of geographic features can be shown
(Fipure S=-1). VWith complex topology, it becomes hard to determine what is
inside and what is outside the polygon(s) mapped. IBIS, on the other hand, is
i areal based svstem, and mapped areas are displayed as regions of uniform
srav o tone.  This feature of IBIS improves the visual discriminability of
iwiands and other complex features. With this display format, edge features
v he added to improve spatial referencing. By extending the display to
seitipde wrav tones, complex queries with hierarchical answers can be

G laved s well (Figure 4=2).

. Comparat ive Space and Time Expenditures

It s hard ta assess the comparative expenditures for HC&G appli-
tien bhotveen the TASC and JPL studiess  Both projects involved considerable

crecodural develbopmenty and operational data processing in a production

At B e 8 g N e M B
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environnent would be less expensive for either GIS. Scveral tables were
prepared by TASC to assess the relative requirements and costs of processing
data with ODYSSEY. Some of these tables can be modified to compare IBIS to

ODYSSEY. L
L
i A comparision between the number of geographic regions (IBIS) and o
polveons (ODYSSEY) comprising each map overlay in both svstems (Table 4-1)
. shows that in most cases the IBIS data set contained more regions than
{ polveoons of the same ODYSSEY data set.  The difference can be attributed to
the ditterent storage schemes for polyvgonal data with ODYSSEY uand geographic
regions with IBIS, With ODYSSEY, the topological structure of a polygon
[ remizins intact even if line segments converge, or a pinch occurs at one or L
t several places. With IBIS, when line segments defining a geographic region -
s become pinched, two or more independent regions will be formed during the
regcion assignment process.
These extra geographic regions can be dealt with in two wavs.e With 9
one method, the pinched region can be recorded to ensure that c¢ach subregion
is assigned the same region {dentification code. This procedure, hovever, is
a4 Jabor—intensive and time-consuming process. The other method is more
rrequent v useds It involves manipulation of the interface file representing
the regicn labeled data planes
When comparing the number of polygons forming the LCGU data base
oy ODYSSEY with the number of regions comprising the CF data plance, the IBIS
data plane contains signiticantly less spatial arcas. The difference here is
that IEIS has a rudimentary stiver removal algorithm included in its region
identitication process while ODYSSEY does not. A threshold parameter is
incluaded in the IBIS painting process that effectively limits the minimum size )
of pelvoons toon pixelse Any pixels comprising those small polygons are
desiymed to o adijacent polveons onoa random assignment basis.
Table 4-1. Data Base Size Comparisons S
Data Scet Number of polygons @
TASCH JPL .
i.and usc 210 229 R
Topography 70 77 S
Floodplain 3 4
Land use revisions N.A. 5 o
Combined data
sets 958 763
T Semree: Sharples, 1978,
.l
Comparing time spent on the computer to build the data base . i
irdicates that the JPL and TASC approach require nearlv the some amount of ]
computer tire ju building the data base (Table 4-2)., But the JPL approach to S
poivieon overlay s sieniticant !y taster, vhile the TASC querv procedure seems L
tastor than JPLY S, .‘
o
-1
S—6 ‘ )
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This comparison should be made cautiously, for different computers
were utilized by TASC and JPL, and the output products derived from the data
base queries were quite different. With the TASC approach, simple plots were
produced, while the IBIS approach involved more complex image generation
procedures.

Table 4-2. Comparison of Processing Timing

Operation CPU Timings
-Data set
TASCA JpLb
Data set preparation 37 total min 23 total min Y
-Land Use 15 min 1
-Topography 20 min Average time ]
-Floodplain 5 min 5.81 min K
-L.U. revisions N.A. ]
Image plane (polygon) 7 4,2 A
Query 12 - 24 sec : 2 min avg. . i
o T
o TASC computer was PDP~10. Source: Sharpley, 1978. .
h JPL computer was IBM 370~158, 8
»,

[ RECOMMENDATIONS FOR [BIS EXPANSION RN

In completing the MC&G task, it was determined that some IBIS
teatures could be modified to be more usceful and effective. Other features
which woeuld greatly improve the capability of IBIS in manipulating geographic B
atd other torms of spatial data were identified. Specifically, three research .hi
topic: miviit be useful for further investigation,

et Advanced ITmage Query

burine the execution of the MC&G project (JPL Task RD-182), data ° J
s ciner e were performed by submitting questions to a special tabular file
whiob s Toeically linked to a CF data plane, the CF data plane being an
s i vomnosed of all o unique geographic regions formed by the combination

Che pear data oplanes (Tand usce, topography, tloodplain, and land use

rocdisen ot i the data bases When a guery was made, regions fitting the
voaription ot the query were tlapped and mapped throupgh a process similar to
Boroplothiio mappinge.

Vaodemonstrated, the procedure proved to be effective for small
Gt hocos i wize ot Healdsburge  But it the number of data planes comprising
the lata bare and/or the extent of the study arca were increased, the number
ot onnigue geographic regions produced would preclude the construction of the
ceorvterence base and tabular tiles  Consequently, another method for querying
must o he tormelateds A more sophisticated query based on the analysis of each
individual thematic data plane is one approach to this problem. Such a
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procedure would involve breaking the query down into questions pertaining to -
each individual data plane. Then each data plane could be queried individ- R
ually, producing several binary masks. The logical intersection of these STt

binary-mask data planes would be the answer to the original question. .
Currently, software does not exist for this procedure, but its benefits would -
be substantial. The procedure would involve optimal methodology for synthesis :
of the binary masks to determine areas of logical intersection. As an alter- .
native to the current methodology, this technique would involve direct queries e
to the image data planes instead of through a tabular file.

4.3.2 Point and Line Overlay R

IBIS software exists for overlay of twoc or more image planes. :
lesults from the process (areal measurements or pixel counts) are stored and -
can be reported as a regular feature of the information system. This is how L
acreage tabulations for land use and other thematic features were derived from '
the data base for JPL Task RD-182. Currently, no effective method has been
developed to determine the nature of features within a radius of a given point
and/or along a sinuous or linear feature. The possible benefits to be derived
from determining what features lie along a given stretch of road~bed for N
example would be quite useful. The inclusion of a point-and-line overlay i .'
procedure in IBIS would greatly enhance the system's utility. ’

4.3.3 The Sliver or Skinny Region Problem L
As several line segment image planes are combined to form a g"
composite feature image, the number of unique geographic regions increases
substantially. Several of these polygons are quite small and are actually
unimportant in the global scnse. Frequently they are a result of distortions S
caused by map projection and/or slight geometric registration differences. As e
more vector images are combined, the number of these sliver or skinny regions Foa
increases to wne point where the data base is overloaded with small pieces of j"‘.fw;c-
data, and e¢ventually the data base will collapsc. o )
The solution to the problem is to generalize the data basce through T
selection of pertinent detail. This procedure has not been formulated for ‘f;}
data processing in the image domain, and should be considered to be one of the s.

rore challenging problems currently facing users of automated geographic -
information systems. '




T — T——— A " B W W W W WV VY~ T~ ¥~ g~ =~ Tv= =, ~

REFERENCES

Angelici, G.L., and N.A. Bryant, 1976, "Techniques for the Creation
of Land Use Maps and Tabulation from Landsat Imagery," Proceedings,

Second Annual William T. Pecora Memorial Symposium, Sioux Falls,
South Dakota.

Bryant, N.A., 1976, "Integration of Socioeconomic Data and Remotely
Sensed Imagery for Land Use Application,” Proceedings, Calcech/JPL
Conference on Image Processing, Pasadena, California, pp. 9-1/9-8.

Bryant, N.A., C.K. Paul, A.J. Landini, R.W. Bannister, and T. L.
Logan, 1976, LUMIS: Land Use Management and Information Systems
Coordinate Oriented Program Documentation, Jet Propulsion
Laboratory, Pasadena, California Report SP 43-33, prepared for
Office of Technology Utilization and Office of Applications,
National Aeronautics and Space Administration, November 1, 1976.

Bryant, N.A., and A.L. Zobrist, 1977, "IBIS: A Geographic
Information System Based on Digital Image Processing and Image

Raster Datatype," TEEE Transactions on Geoscience Electronics, Vol.
GE-15, No. 3, pp. 152-159,

Clark, J., 1979, "Land Use Tabulations From Thematically Classified
Landsat Imagery and County Boundaries Coordinate Files Using IBIS,"
Documentation of the Montana Case, Earth Resources Applications
Group, Image Processing Laboratory, Jet Propulsion Laboratory,
(unpublished internal report).

Farrell, K.W., and D.B. Wherry, 1978, A Synoptic Description of
Coal Basins via Image Processing, Publication 78-82, Jet Propulsion
Laboratory Pasadena, California.

riedman, S.7., 1980, Mapping Urbanized Area Expansion Through
Digital Image Processing of Landsat and Conventional Data,
Publication 79-113, Je¢t Propulsion Lahoaratory, Pasadena, California.

Jaro, M.A., 1972, Census Use Study: GRIDS, A Computer Mapping
System, Bureau of the Census, U.S. Department of Commerce,
Washington, D.C., 185 ppg.

Logan, T.L., 1981, "A Data Base Approach for Prediction of .J
Deforestation-Induced Mass Waisting Events', Proceedings 47th ) ’

Annual Meeting of the American Society of Photogrammetry,
pp. 197-21T.

Seidman J.B., and A.Y. Smith, 1979, VICAR Image Processing System: T
Guide to System Use, Publication 77-37, Revision 1, Jet Propulsion o
Laboratory, Pasadena, California.




REFERENCES (cont‘d)

Sharpley, W.K., J.F. Leiserson, and A.H. Schmidt, 1978, A Unified
Approach to Mapping Charting and CGeodesy (MC&G) Data Base Structure

Design, Report ETL-0144, U.S. Army Engincer Topographic
Laboratories.

Strahler, A.H., T.L. Logan and N.A. Bryant, 1978, "Improving Forest
Cover Classification Accuracy from Landsat by Incorporating
Topographic Information,'" Proceedings, Twelfth International
Symposium on Remote Sensing of the Environment, Manila,
Philippines, pp. 927-942,

Zobrist, A.L., 1979, "Data Structures and Algorithms for Raster
Data Processing,'" Auto Carto IV, Vol. !, pp. 127-137, Reston,
Virginia.

Zobrist, A.L., N.A. Bryant, S.Z. Friedman, and G.L. Angelici, 1979,
"Image-Based Information System (IBIS) System Guide,' Report
900-909, Jet Propulsion Laboratory, Pasadena, Californa. (JPL
internal document).

o,

R




APPENDIX A

A.O THE IMAGE-BASED INFORMATION SYSTEM: AN OVERVIEW

The Image-Based Information System (IBIS) is a computer-based
approach to spatial analysis. It is a versatile geographic information system
enabling the analysis and investigation of a variety of phenomena in a
geographic context. IBIS (Bryant and Zobrist, 1977; Zobrist, et al., 1979) is
considered to be a raster-based information system, as the primary mode for
data storage is the raster, or digital image. However, the system is
configured in such a manner that other data types, such as vector and tabular
data, may be used in analysis as well.

Logical and mathematical interfaces have been provided to link the
various types of data files that can comprise an IBIS data base. (Figure
A-1). By utilizing these interfaces, information may be derived from simple
associations of, or comparisons between, two or more data files stored in an
IBIS data base. More complex procedures including image plane (polygon)
overlay and cross—tabulation can also be investigated.

Adl DATA MANAGEMENT CONSIDERATIONS

The raster-formatted data plane is the primary data type utilizcd
in IBIS processing. IBIS data planes may be obtained directly in image form,
such as Landsat imagery, or they may be derived from vector data compiled by
sources such as the U.S. Geological Survey, the U.S. Bureau of the Census, and
the Defense Mapping Agency. Regardless of data type and origin, all data
planes are incorporated into a data set that is referred to as the IBIS data
base (Figure A-2). An IBIS data base will usually consist of several image
planes which are stacked, or superimposed, upon each other. When investi-
gating a specific problem, any data plane may be included in, excluded from,
or modified before any IBIS processing steps.

Al The Georeference Base

Provisions have been made to preserve map accuracy standards and
provide georeferencing capabilitices within IBIS through the development and
use of a Georeference Basc. The georeference base can be constructed from any
nap or controlled surface known to be of good planimetric qualities. The
referencing system can be in Farth-based coordinates (e.g., latitude,
longitude), map-projected coordinates (e.g., meters northing and easting),
imige-based coordinates (c.y., line, sample), or a combination of these
reference systems.  The georceference base can be in the form of a digital
image such as o scanned topographic map, a4 constructed table of values which
is stored as a specinl attribute file, or it can be in a combined format.
Various tyvpes of alporithms have been developed to spatially transtorm both

vector and image data to the projected coordinate syvstem of the georeference
base.
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R Spatial Recetitication

When building a multilavered data basce for geographic analvsis,
spvtial continuity between all lavers or the data base must be maintained. Tt
fe dmportant that the same coordinate position on any and all data plancs
desoribe the same identical location in reality. To ensure this situation,
LD dita plances in an IBES data base are registered to a georcference base
Lo Uo have cood planimetric quality and spatial continuitv. Topographic

s are cexcellent planinetrice bases, having been constructed tfrom precise
point datum and calibration.  When entering thematic material as data planes
Tites the datae base, thev are geonctrically registered to be in precisc
revistration with the scorceterence base.

o ULvpes o spatial transtormation procedures, attine and
Sy oare utilized to ensare spatial integriov of the data bhasc.s  The
o nsiorcation ts g sinple transtormation and can be used to compensate
o cdobal derormational characteristics (scale, offset, and rotation). The
cometric transtorration is oa more complex procedure, and it enables the

comeecal of o more Jocalived registration anomalies {requently caused by

Ptroring map projections, sensor and svsten instabilities, and human errorv.
tvo tvpes of transtornations are trequently processed in scequences  The

Stive transtormation is dmplemented tirst, moving all data into the same

i reterence spiace of the planimetric base.  Geonetric

i< conditionally cvoked i1 it is found that one or more of the

Gt s lares are not o in ewact regpistry owith the georceference bascs

Boeth tupes o of transtormations are controlled by ticpoints vhich
Gecioe cre dotorsational characteristics tor registering the thematic data to
cooce re te e hases Three ticepoints are required for the affine trans-

poto several hundred tiepoints mav be required to detfine
Crreobr derornations with the veometric procedure.

e lectiom g ticpoints tor artine or geometric transformations
Crecrie s D {Lorative processe  Successive rerinenents in o ticepoint
Ptiecdins o ma be recunired to o achicve the desired results.

Thevo traiecrernieticrs oty be pertormed on data in inage or vector

. por occrdiiante diviticod map data, the transtormations are usuallv
rrorve whiile the data o are in o ve ctor tormat. Vector data are then converted
Codree e s THE L doae ta reduco cotputer processing costs and to maintain

Perter ccatd b iiontent and rormation of the line sepmentse  Geometric

TP terr oo ot Tine sopments and other narrow features inoimage space have
e st by coneed diaraption in o conpectivity and tuzzing ot line edpes.

Pevioreins the troaactersations on data in veetor space eliminates this problem.

AU O . Dt Dnput

oo ey o s can dnteprate varions data tyvpes to torm oan TBIES
ot b St primery it structure isoa raster formaty iraec dat g
Pt e At cntored into the sestems Graphical torms ol datay usaally

Pl i o T roterence tore, nust o he transtormed into imare spiied

A N R S A R NS S ot plane o Tabular data are not trenstormed inte




inage space bul are linked to the image data base through a logical

8 interface.  bata processing requirements for each data type are unique and

> . will be covered individuallv.

3 Aot Imape Data.s Jlost image data sets entered into the data base are
Jorived trom Landsot imagery or other multispectral scanner sources. Other
data are digitalts encoded by microdensitometer or from aerial photographs.

Sinve dmage data are rrequently obtained from manv sources, the spatial
alienrent ol features contained in those Images are often inconsistent from
Prvee to deape s The spatial alignment procedures described previously can be
fmplerented to obtain a unified spatial surface. Once converted to image
space, the tiles are referred to as data planes or raster image files.

Aede d2 \ector Data. Vector or graphical data may also be entered into the
TRIS data base. Vs tor data may be crcated locally with an c¢lectronic
cordinate digitizer, or they may be obtained from data tape. The Burcau of
fenens Urban atlas oad dual dodependent image encoded (DIME) files are
coamnles o data obtained on computer tapes.  Regardless of data origin,
cevter Gt are transformed into image space prior to inclusion in the IBIS
iata haweo When vector data are in Cartesian format, they are referred to as
gphics tilese Omee converted to image format, they are referred to
craphics files.

As with image data, vector tiles must be in registry with the
Tanimetric data base.  Provisioens have been made within IBIS to achieve the
proper spatial alignment.  (These corrections are made before the data arc
transtormed into image spaces)  The deformation from the original surface to
the peorctervnee base is controlled by the sclection of tiepoints linking
coographical features that are identifiable on both the vector data file and
the planirctric deta bases When three=dimensional or z-value data (x, v, 2z)
re processed, the Cartesian referoence components of the data (x, yv) are
troanstorned into image space coordinate vislues, while the z-value remains

e hoimged,

Aedlenad iabular Data.s Tabular data mav be entered into 1BLS via paramcter 2

sitrings or digital tape.  These data are stored in o a tabular file that is

dinred to the data base through o Togical interface. These files are used to L4 4
b

wtore thematic material soch as population counts, areal measurements, or {

1

piave namess These tabular files are referred to as attribute files.

Aadas The Raster-Region File

tne of the more important tvpes of vector data files entered into
an IBLIS data base are the raster=repion tiles., Raster-region files arce used
to represent teature sp&ttfij;ﬂﬁxzif??;?ﬂai::tiru-t regional morphology such as
political administrative districts, land use zones, topographic regions, or
other thematic features.  In many applications, the region file has been .
constructed from census tract data obtayined trom the Urban Atlas files of the

e 2 &8 N b LD
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{8+ Burcau of the Census. However, raster region image planes can be derived
trom a variety of cartographic source materials or from purely artificial
retworks such as a grid.

Vithin the context of a raster region file, a region is defined as
avospatially o contivuous feature bounded on all sides by line segments and,
cptionaliv, the edee of lmage spaces  Regions are identified through the
aecdenrent of a wunique numerical lable (pixc! value to each individual region
Cienre A=3). The dabeling process is termed painting, and enables the

En DA sl ol g

Phontitication of up to 32,767 unique peographic regions from any raster
craphioe drane planes Atter region identitication process, the raster-region
Pl rav he used inosceveral hicher-order IBIS procedures.  For example, image
clanc overlav oo o raster=repion file and some other image data plane can be
complerodys Alternately, the grav o values ot cach polvgon in the georeference
roditicd to produce a map depicting the results of a modeling
mowith dita stored inoan intertface file.

e T
b |

Several raster=region image planes mav be included in an IBIS data
base o For exanple, o data base may contain both o census tract raster—-region
Sile and o ocongressional district region tile.o The maximum number of regions
that can be included in one georceference plane is virtually unlimited.

Adled The Data Intertace and Tabular Files

All tabular files (interface files) are linked to at least one
raster=resion tile included in an IBIS data base. The specific link is
Sbhtaitned by storing the numerical value (prav tonc) representing each region
dorhe ceorceference plane with tabular data deseribing attributes of that
resion (see Figure A=3) . Attribate data mav bhe statistical in origin, an
et itication codey, or the result of an inape plane comparison operation such

frwe plane overlay or cross-tabulation,

DOANIPULATING AT AND oUTPUT PRODUCTS
v ITBIS, or sy other intormatiop svster, vere only a device to
tore cecrraphio data, the atility or the svetem would be quite
Pt Cloers b an Intornation svstem roequire rar rore powerful
veve Soveradl metboda tor o data o cutput, both pictorial and tabular, are
ot Ay the rescarcher may o vant Lo undertabe complex modeling
i it the data tides stored in the intormation svsten
sotrva tare, Pracodures for data o ocutput and data wanipulacion have been
Do e ot the inagc Based Intormation Svetem. Daps mav be generated
o tahabar reports can be obtained. .
* |
Tl Data Mtanipulation Procedures
Data stored in cither the data base or an interface file can be .
cditicd o manipulated with TRIS sottware,  New data planes and interface ’ 16‘
iles are ecasily pencrateds Pour hasic data manipulation procedures are
drreant by available. N
. o
A= .
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el bl bata Manipulation Between Inmape Planes.s New image data planes arc
conerdatod as o tunction of two oor more inage data planes.s Chictlv) the
procedures deplerented to derive sauch data planes are VICAR routines, although
sorme [BIY routines are also usede  Simple transtorriations sach as image
fon, subtraction, multiplication, and division are easily obtained.

L
Corples tenctions are handled nearly as easilv, and precise mathematical

tornulas oy o be o speciticds Inage enhancement routines are available, as are
several dota classitication and stratitication routines.

Dot Hanipulation Within the Intertace Fileo Most runctions

g babl ill‘._[y}ii'-il'!vi;'.t‘ domain are also available for analvsis of tabular

toe Resultant rram such operations, new tabular data entries are generated.
oo bow matberiatien ] tunetions may be used to devive higher-order propertics

data o stered {noan intertace tile.

I I Ports Tamdpulation ot Inepe Data into Tabular Datas By implementing

certies SIS rentines, data orizinally stored in oimage format mav be

nrcarlocd d capnded into o tabular files The majority o these routines are

Sre o s Ui, an cxample o owhich Is dmape plane overlav,

P ot Shanipulation o Tabolar Data into Data Planes.  The
i

1
e contatian o1 tabular data in odmaee 1teorm is primarily used as oan output

G tha plementation ol o nap pencerating routine, anv raster-region
e o an b o raadd it ied ae o unction of o an intertace tiles Sodeling of data is

cercorred iridarlyy and cueries ot the data base are simplv composed. Data
crodeecd dn thiis o manner o can be entered into the ITBIS data basce for

Gttt o Ut fons,
Lelel Potor fitpnt Features

T ontpot tarmats are available to the svster user:s (1) maps and
Ty tabular o reperts. Maps are produced directly o from oany inage data plane or

threosh voditication o reoreterence planess Tabular reports are made
s babde thronel the operation of a4 report gencerator.

Lithe s e ledyo o dmaye processing, an analvst ocan learn to

: veterm. A researcher can utilize the svsten to store several
s and san tabolar datae With all ot the intormation at the data
cre e e by ooy corples mode ling problems may be o solved relatively
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The various modes ot data entry, data manipulation, and data output
provide the rescarcher with complete flexibility to structure a unique data
hase specitically designed for a particular problem or investigation. IBIS is
rerely oo trarevork Tor analvsis of spatial data.  The actual information

svstem is constructed with the selection of specitic image and tabular data.
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Table B-1. Numerical Keys Assigned to Land Use and Land Use Revision Codes

. Numerical Label
a8 Key Code
o 1 ACC
E-i 2 ACP
i 3 AR
, 4 AVF
. 5 AVV -
X 6 BBR
= 7 BEQ -
' 8 BES -
9 BT -
10 FO N
11 LR
12 R MRS
13 ucB e
14 uce BRI
15 UCR Tt
16 ucw Rt
17 UES T
18 UIL .
19 UIS -
20 UIw
21 uoc
22 UoG
23 Uoo
24 UoP
25 uov
26 URH
27 URS
28 uus
29 UuUT
30 vV
31 WO
32 WS »
13 WWP o
‘\'—.‘.
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Table B-2, Numerical Keys Assigned to 100-Foot Contour Elevation Zones
. Numerical Contour Zone
' Key (min - max)
0 0 - 100
1 101 - 200
2 201 - 300
L- 3 301 - 400
4 401 - 500
5 501 - 600
6 601 - 700
7 701 - 800
— 8 801 - 900
i 9 901 - 1000
10 1001 - 1100
Table B-3. Numerical Keys Assigned to Floodplain Zones
2 Numerical Floodplain
Key Zone
Below
1 Above

N

i
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B-~1.

Numerical Identification Codes Assigned to Geographic Regions

Comprising the Land Use Data Plane " )
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Figure B-2. Numerical Identification Codes Assigned to Regions Comprising
the Contour Data Plane
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Figure B-3. Numerical Identification Codes Assigned to Regions
Comprising the Floodplain Data Plane

A A el LI, LI LN W WA Y




L

S

- _\“"\“L Kl

Pade AR A R A

i 200 et JRh s Jate gade e
L L L N P

Figure B-4.

}_\Q

Numerical Tdentification Codes Assigned to Regions
Comprising the Land Use Revision Data Plane
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Healdsburg Quadrangle Land Usc Data Plane (1 of 6)
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Healdsburg Quadrangle Land Use Data Plane (3 of 6)
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Healdsburg Quadrangle Contour Data Plane (2 of 2)
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Table B-6. Healdsburg Quadrangle Floodplain Data Plane

| e
! ) HZALDSBUFG QUADFANGLE:  Mw QUAKTEP SESTILN L
IFFECTIVE PIXEL SCALFT 1:240.000 1 PIXEL = 4G0 SO FT
IBIS TEST CATA BASE FOR
JS £kMY, SNGINFER TCOPCGRAPHIC LABCRA™IFIES
SUMMARY RZPTRT
FLONGPLAIN DATA PLaNE

NUMBER LLBEL PIXELS  ACRES  $3 MILES .

‘\"vr' — vy ‘-;.'. D)
A
i .
|

L ABOV 286819 2¢33.75 +e11518
Z BILC 184291 1691,45 2eb4alba
3  ABQV 20 0,18 J.00026
4 LRV 53€96 4930,52 7.70410

Table B-7. Healdsburg Quadrangle Land Use Revision Data Plane
".
HEALDSBURG QUADRANGLE: NW WUARTER SEZTICN o
SFEECTIVE FIXEL SC2LE: 1:240.000 1 PIXEL = 400 $Q FT o
IRIS TEST CATA BASE FQOR , oL
S LFRMY, FNGINEER “CPOGRAPHIC (ARCRATIFIES e
SUMMARY REPTRT
LANG USE REVISICN DATA PLENE
- POLYGON - -- ARELL COVERAGE -- ;.,
NUMBEF LABEL PIXELS ACKES Sw MILES
1 975334 8955.50 13.99371
2 uls 4390 40431 0.06299
3 &cC 5606 51643 J).08043 .-
ARV 62G0 56.95 1.08896 L4
5 kS 16470 151.24 Ye25631 o
.9
@
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Healdsburg Quadrangle Summary of Georeference Base (16 of 18)

Table B-8.
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Healdsburg Quadrangle Summary of Georeference Base (17 of 18)

Table B-8.
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Healdsburg Quadrangle Summary of Georeference Base (18 of 18)

Table B-8.
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