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Abstract

Raster pixel data deueloped using satellite image classilication techniques are frequently
dfficult to conacrt to a polygon (vcctor) lormat due n the extremc hetcrogeneity oJ the
pixel classification data. Many groups of pixets arc too small to map as polygons without
yielding an unusable database, The small areas that are less than a user def,ined minimum
size mapping unit musr be aggregated with neighboing groups (stands) pior w deoeloping
a usable oector database. conaentional spatial operctors based on cither gid or polygon
analysis (neighborhood andlor sliaerlihcrs) oltcn cause degradation of stand boundaies
and desciptive attibutes, and decrease the reliability of the linal map, A rulc-based pixcl
filteing methodologt that is based on user-defincd concepts o! stand similaity is presented
in this paper. This technique considers stand characteistics such as the najor aegetation
type, species composition, density of canopy closure, averdge tree size, and canopy structurc
duing the eaaluatbn of stand similaity. Aggregation ntles representing ecological relation-
ships, ninimum size constraints, and the relatiue importance o! the dilferent aegetation
characteistics are also used to guide the aggregation process. The rules are fleible and
may be deJined relatiue n project objectiaes and the desircd use of the resufting d,atabase.

Introduction projcct involves the largc datascts that
must bc evaluatcd and proccssed. The
basic unit of analysis is a rastcr pixel
that is 25 merers squarc or 0.0625
hcctarcs (0.15 acrcs) in size.

Individually, cach classificd pixel
rcprcscnts a data samplc of a specihc
location. Togcthcr, thcsc pixels may
comprise a "pretty picrurc" that hclps
thc uscr visualizc and undcrstand the
status of thc rcsources being mappcd,
Howcver, thc informarion thcse pixcls
rcprescnt is difficulr to managc as
(millions of) pixcls as comparcd ro
whcn they arc grouped or aggregatcd to
form Qrundrcds or thousands of)
vcgctation typcs or stands. To cffec-

Image processing and classification
techniques have being used to develop
thematic information describing
vcgctation characteristicd for extcnsivc
areas of rugged forestcd terrain (Brown
and Fox, 1992). During rhc past wo
years, GRS has bcen mapping the
vcgetation charactcristics of two and
onc-half million hecrares (six-million
acrcs) ofboth public and privatc lands
in northern California. An additional
five-million hecrarcs (twelvc-million
acrcs) is to bc mapped during 1993.
Onc of the major challcnges of rhe
image classification and databasc
dcvelopmcnt proccsscs uscd in such a
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tively evaluate and undentand thesc data we must reducc

thc size and heterogcncity of thc database. Thcreforc, the

d.cvelopment of a thematic vegctation databasc in a vcctor

format is often a dcsirable goal of a mapping effort of this

naturc.

Data management problems:
Excessive information and detail

The basic problem concerning thc generalization of the
rastcr data to a vector format is that there is too much
detail. The results of thc imagc classihcation processes
are raster grids *rat normally rcpresent betwecn 100 to
200 types and sometimcs as many as 400 typcs. Largc
groups of homogeneous pixels are uncommon. Instcad
the pixel grids usually consist of a vcry hetcrogencous
mix of pixels that are frcquently isolatcd or found in vcry
small groups, smaller in size than the minimum sizc
allorved in the database. Onc cannot simply vcctorizc thc
rcsulting raster data without crcating many, many, t iny
polygons the size of an individual pixel.

A commonly used mcthod of resolving problems of
excessive detail as reprcsentcd by isolated or small groups
of homogeneous pixels that differ from thcir ncighboring
pixels is to frlter the rastcr data and rcmove thcsc undc-
sirable pixels. The valuc of the undesirable pixel(s) is
altered to smooth the data and produce "clcaner" data.
Modal filtcn, or othcr mathematically bascd filtcrs arc
oftcn uscd to altcr thc valuc of thc undesirablc pixcl(s).
A modal filter changes thc value to rcflcct the pixcl typc
that occurs most frcqucntly in thc immediate arca
(window) evaluated around the undesirable pixel. This
approach may bc appropriatc for pixcls complctcly
surroundcd by anorher typc of pixcl. Howcvcr, modal
filtcrs may be inappropriatcly uscd to smooLh or clcan
pixel data representing small intcrspcrscd homogcncous
groups of data or along the edgcs of diffcrcnt typcs rvhcrc
mixcd pixels are commonly found. In these situations wc
have found that mathematically based filtcring has nvo
negative impacts: thc cdges of stand boundaries are
moved as multiple passes are made over the raster grid,
and the stand charactcristics or attributes of thc rcsulting
types arc sometimes incorrecdy changed. The math-
ematical filtering advenely effects rhe delineation of
stand type boundaries as the edges "crecp" whcn sub-
jected to multiplc passcs of thc fiiter. Filtering can also
alter the tlpe characteristics to reflect a different and
incorrect type than that rcpresented by thc previous stand
rypc. This situation occurs in particular along thc cdgcs
of differcnt types, such as a conifer type and a grassland

rypc, whcre mixed pixcls arc prcscnt.

If enough mixed pixels that reprcscnt some lcvcl of
tree cover are filtered into thc grassland type, thc trce
cover of the grassland typc may exceed thc minimum
percent cover threshold (e.g. l0 percent) required for
a tree type definition, and thc grassiand rype is thcn
identified as a low density conifcr typc rathcr than a
grassland typc.

Thc challenge is to aggrcgatc thc very detailed pixel
data into morc generalizcd vcgctation typc information
without changing thc basic dcscription of the vegetation.
Aggrcgation shouid bc conrpcnsating. Major typc
boundarics should be prcscrved, and thc distribution of
hcctarcs by vcgctation typc of drc plxcl grid should
approximate the distribution of hectarcs by vcgctation
typc of the gcncralized databasc. Significant diffcrcnccs
would tcnd to indicatc that thc aggregation process is
biascd. This principle cannot always bc dcmonstrated as
thcrc are ncw tlpes that are dcrived from the aggregation
of pixcls. For cxamplc, thcrc may bc individual pixels that
reprcscnt diffcrcnt vcgetation typcs, such as either
Douglas-fir, mixcd conifer/hardwood, or aldcr. Howcver,
thcrc may bc polygons that arc charactcrized as mixcd
conifer/hardwood typcs that do not contain any mixcd
conifcr/Lardwood pixels. Thc mixed conifcr/hardwood
charactcristic is dctcrmincd from thc combination of
pixcl charactcristics at the polygon lcvel rathcr than thc
charactcristics of thc individual pixcis within the polygon;
a mixture of Douglas-fir pixcls and aldcr pixcls within the
stands boundarics combine to makc drc stand a mixcd
conifer/hardwood typc.

A ggre gation methodolo gy

GRS has dcveloped a proccss to accomplish thc aggrega-

tion of pixcls to polygons. A florv chart of this proccss is

sh<lwn in Figurc l. Thc aggrcgation of thc pixel data to

form a gcncralizcd ti'rcmatic databasc rcquires thc
dcfinition of wo vcry important scts of rules. One set of
rulcs dcscribcs thc dcfinitions of typc characteristics that
will bc rccognizcd and cvaluatcd and thc relativc signifi-
cancc (weight) of thcse characteristics. Thc second sct of

rulcs dcflncs thc nrinimum al lowablc sizc mapping unit -

thc smallcst mappablc arca that wi l l  bc includcd in thc

databasc. Thesc sets of rulcs arc rclatcdl each typc or

class of characteristics can havc its own spccific minimum

arca. Thcse rules are significant as the aggrcgation
process rcduccs bctwecn stand variation and incrcascs
within stand variation. The rulcs effect what typcs of
variation will occur within rhc larger morc gencralized

stand typcs.

Vegetation tlpe definitions, rules, and weights

Aggrcgation is bascd on an cvaluation of thc similarity of

adjacent stands. Similari ty is cst imatcd on the basis of thc
typc dcfinitions and rulcs that have bccn defincd. Only
thosc charactcristics prcscnt in thc database may be

considcrcd in this proccss.

Many of thc diffcrcnt vcgctation charactcristics, such

as thc vcgctation type, crown dcnsity, averagc size

diamcter, stcms pcr unit arca and canopy structurc, may

bc uscd in this cvaluation. Othcr attributcs that may be
uscd include the major vcgctat ion t lpc ( i .e. conifcr,

hardwood, shnrb, hcrbaccous, and so forth), thc pre-

dominant species covcr, and thc pcrccnt conifer or

hardwood composition. Each typc charactcristic used in



Figure L: Schematic worhflow for aggregating p;xel data inm thematic polygon,



rhe evaluation must have a quantitarive definition as
either a value or a range of values. For example, the
measure of tree size may be the estimate of quadratic
mean trec diameter, whereas the definition of a non-trec
type may be an area with less than l0 perccnt tree canopy
closurc.

Aggrcgation is based on thc prcmisc rhar if all thc
characteristics of adjoining groups arc rhc same cxcept
for one, then thc most similar adjoining srand is thc stand
with the most similar or least diffcrcnt charactcristic.
Diffcrenccs between the subject stands charactcristics
and the adjacent stands' characteristics arc estimatcd to
enablc a quantitative csrimate of similarity. Figurc 2
shows three examples of single thcmc charactcristics of
type, size, and density. The similarity based on sizc and
density can be cstimatcd by cvaluating the diffcrcncc in
the valucs of these characteristics. Thc small stand A
would bc mcrged into thc most similar stand B in cach
of thesc cascs. Similarity based on thc typc cvaluarion
would yield a diffcrent answcr, as stand A is most similar
to the other redwood stand C. An evaluation that
considers a characteristic such as the averagc sizc or
density is fairly straightforward. An evaluation thar
considers a more subjcctive characteristic such as the

vegctation typc is morc difficult, Rules and tvcights must
bc devcloped to cstimatc the rclative magnitude of drc
contributions of the diffcrcnt vegetation typcs. The mosr
similar adjaccnt typc is obviously thc same rypc. If thc
subject arca is a Douglas-fir (conifer) type and adjaccnt
arcas arc all diffcrcnt typcs, thcn thc next most similar
typc would probably bc anothcr conifcr typc, as opposed
to a hardwood typc. An adjacent tree rype would bc
morc similar than an adjaccnt non-trce typc, and of the
adjaccnt non-trec typcs rhc brush and herbaceous types
would probably bc morc similar than rhe water, rivcr bar,
and barc ground typcs. Thcsc kinds of relationstrips cannor
always bc uniformly applicd. Thc cstimation of these
rulcs is hcavily reliant on ecological relationships and
conccpts. For cxamplc, hardwoods arc not always morc
similar to conifcn than thcy are ro grassland rypes. Thc
associations of live oak with grassland types and tanoak
with conifcr typcs arc known and may bc includcd in thc
cstimation of similarity. Hardwood pixcls should bc
aggrcgatcd with thc type that thc spccific hardwood typc
is commonly associated wirh in its natural rangc insrcad
of generalizing and always mcrging a hardwood rypc with
a conifcr tlpe rathcr than wi*r a grassland rype. The
aggregation process must bc flcxiblc to accommodatc
gencralization ofspccific types according to spccific rules.
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Figure 2: Stand aggregation by characteristic.



Aggregadon characterisrics that involve only one
characteristic are relatively easy to make comparcd to
choices involving multiplc charactcristics. Most ofren,
differences of multiplc charactcristics, such as trce crown
covcr, avcragc diameter, and vegctation Vpc, arc ob-
served as shown in the lower right ceil of Figure 2. Thc
question of similariry most often requires a more complex
evaluation than demonstrated in Figure 2. There are
usually more than two adjacent stands and thc stand
characteristics are frequently dissimilar, as shown in
Figure 3. Some of rhc kinds of diffcrcnccs (vegcrarion
type versus average diameter versus crown density) may
be more significant rhan others. Lcvcls of significance can
be estimated and rcpresented by assigning weights or
factors to the kind of difference being estimatcd. Diam-
eter differences may be wice as important as dcnsity
diffcrcnces. Species typc diffcrcnccs may bc small
berwecn conifer types but large bctween major vegctarion
types such as hardwood, brush, and hcrbaccous. The
relativc weights of diffcrent charactcristics musr be
evaluated and estimated before aggregating pixcls ro
produce a frnal map.

The facton and relationships used to devclop similar-
ity indices are attempts to recognize differences bctween

vegetation types and characteristics, and they reflect the
classification rules sclected for thc thcmatic database.
Thcsc wcights and factors arc not fixcd and they can bc
modificd to reflcct orher intcrprctations of ecological
associations and the rclarivc significance of thc diffcrcnt
vegetation charactcristics. Projecr objectivcs can play a
significant role in the dctermination of the significance of
the different characteristics and thc role any one charac-
teristic plays in rhc aggrcgation of the pixel data. For
cxample, from a wildlife managcrs viewpoint, if wildlife
rcspond to rec sizc morc than canopy covcr, thcn thc
aggrcgation proccss should prescrve groups by sizc or
scral stagc representing a varicty of densities rather than
groups by similardcnsity rcpresenting a widc range of
sizcs. Similarly, a boranist may be more intercstcd in
specics' purity or divenity and may develop a differcnt
sct of rules thal accentuatcs spccics similarity or divcniry.
A forestcr may bc intcrested in mapping areas with
charactcristics of volumc pcr hectare by species type and
dcvclop rules and weights that would tcnd to generatc
strata rcquircd for a first stagc sample for a timbcr
inventory of commercial spccics. Differcnt maps and
information may be developcd depending on the goals
and objcctives of a projcct as dcfined in the rulcs and
weights uscd to guidc the aggrcgation proccss.
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Minimum size mapping unit

The minimum size mapping unit is the smallest size area
drat will be represented in the hnal map. Some signifi-
cantly diffcrent stands should not be aggregated with
cach other, if possible. For example, non-tree types such
as small brushfields, prairies, barrcn areas, and bodics of
water should not, if possible, be mergcd into surrounding
vegetation types such as coniferous forest, mixcd conifer/
hardwood, and hardwood types. Prcservation of disrinctly
diffcrent stands is ncccssary to maintain thc accuracy of
the mapping effort since fewer stands are gcnerated that
represent a mixture of significantly different characteris-
tics solely for the purpose of satisfying a minimum size
constraint. The minimum sizc limit obviously effects the
capability of any map to accurately rcpresent what is

Table 1: Aggregation possibilities for stand 192951.

present on the ground. The largcr thc minimum size
mapping unit, the greater the probability that a stand
rcprcsents a diverse grouping ofhcterogeneous typcs that
could havc been rcpresentcd by smallcr, morc homogenc-
ous stands if *re minimum sizc limit wcre smaller. The
charactcristics of the vcgctation being mapped and thc
projects information necds and objcctives arc integral to
thc dctcrmination of the appropriate minimum size limits
developed and used for each vcgetar.ion characterisric.
This aggrcgation proccss allows the dcfinition of different
minimum sizcs for diffcrcnt vcgctation attributes or
charactcristics. For instancc, arcas mapped as "large size"
might have a minimum of five hcctares while areas
mapped as "small size" might havc a minimum size of
twenty hectarcs. Two ninimum sizes are used for cach
charactcristic considcrcd during thc chcck of minimum

Aggrega t i ng  S tand  192951  7  ad jacen t  sLands  to  check

V e g  P n  P c t  P c t  A v g  V e g  C a n o p y
Stand ID# Type Sp Cover Coni f  DBH Form Structure

192951 RWD, RWD
1 88808 MHC HWC

s i m i n d e x  =  8 . 0  5 . 5

192951 RvlD RWD
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192951 RWD RWD 42
1 90787 HRB ARC O

s i m i n d e x  - -  2 6 . 0  2 5 . 0  1 0 . 5

RWD
HWC
5 . 5
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MH'

R N

RWD
UT -K

4 2
6 Z

1 0 . 0

q z

4 3
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7 0
7 . 0
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192951 RWD RWD
193272 RWD RWD

s i m i n d e x  =  0 . 0  0 . 0

192951 RWD RWD
1 9351 9  MHC HWC

s i m i n d e x  =  8 . 0  5 . 5

min imum s imindex  -  8 .0  fo r  s tans  id / l  =

RWD = redwood
DFR = Doug las- f i r
MHC = Mixed conifer/hardwood
HWC = Hardwood associated with conifers
SHR = shrub
ARC = Manzan i ta  sp .



sizes. The first value is the critical minimum, a lcvel
below which no stand of that value of characrerisric may
exist in the final database. Thc second valuc is a dcsirabie
minimum, a levcl to which stands will bc aggregated so
long as they are similar enough to each otler, as defined
in thc aggrcgation rulcs. In othcr words, dissimilar stands
are aggregated to thc critical minimum, whcrcas similar
stands arc aggregatcd to thc dcsirablc minimum. Thc usc
of rwo minimum sizc limits for thc differcnt charactcris-
tics bcing mapped cnables the prescrvation of distinctly
diffcrent stands but also the formation of largc stands
comprised of fairly similar characterisrics. This approach
provides flexibility in dcfining how the various vcgerarion
characteristics will be mapped.

PixeUpolygon aggregation

In order to apply the rulc.based aggregarion rourincs, rhc
image processing classification grid is attributed with the
vcgetation charactcristics represented by each pixcl.
Aggregation must considcr a wide rangc of stand sizcs,
from those representcd by individual pixcls, or small
groups of pixels to those that rcprcscnt large groups of
pixels *rat already excced the minimum size requile-
ments and form valid stands. Thc sub-minimum size
groups or stands must be aggrcgated with other srands
to form a databasc ofvalid size stands.

!7hen a sub-minimum size stand is recognized, it is
aggregated with thc adjaccnt stand estimared to be rhe
most similar to the subject arca. Thc diffcrences of stand
characteristics betwcen the subiect stand and rhc
ncighboring stands are cstimatcd as absolute valucs,
multiplied by the appropriate weighr, and thcn summed
to cstimate a similarity indcx. An cxample of this process
for a sub-minimum sizc stand (192951 in Figure 3) is
shown in Table I . In this cxamplc stand 192951 would
be aggrcgatcd with stand 192376 sincc they are rhc mosr
similar. This example also illustrates that small diffcr-
cnccs in percent cover, percent conifer composition, and
avcragc size diameter are more significant than a species
difference between redwood and Douglas-fir, two specics
that grow in close association in northcrn California.

Aggregation is pcrformcd in several srcps, starting with
low minimum sizc limis and progressing to larger lcvcls
with each pass *rrough the data. As stands arc merged,
thcir attributes arc recalculatcd bascd on rhe previous
characteristics plus thosc of thc includcd stand. Thc
aggregation process pcrformcd in one stcp, from the
initial pixcl groups to the final size limits, is difficult ro
proccss and tcnds to rcsult in largcr more gcncralizcd
typcs than a stcp-wise aggregation process. The step-wise
aggregation process involves smaller size increases and
tends to merge smaller numbers of stands during each
step. This approach maintains stands of more similar
characteristics rather than merging many small size
stands at once into a few large generalized stands. A
beneht of the step-wisc aggregation approach is that
maps reflecting different intermediate minimum size

limits may be dcvcloped as intermediare products. A fivc-
hcctare map may be gcnerated from the intcrmediate
results of aggregation using the fivc-hectare size limits.
A tcn- or twenty-hectarc map may be devcloped by
continuing the aggrcgation proccss using an intermediatc
tcn-hcctarc and final twcnty-hcctarc size limits (note:
thcsc sizc limits arc uscd as cxamplcs whereas rhc proccss
actually allows variablc size limits for diffcrent characrcr-
istics). Thcsc databascs arc rhcn vectorizcd using stand-
ard vectorization routines. Thc vectors are then
smoothed to rcmovc thc stair-stcp appcarance character-
istic of vcctors dcrived from plxel (rastcr) grids to rcdr.rcc
thc size of the database. The characteristics of thc final
polygons arc thcn detcrmined and loaded into the
rclational database tables.

Estimation of polygon characteristics

Thc final estimatc of cach stands vcgetation charactcris-
tics is based on the summarization of all the diffcrcnt
typcs of image classification pixels found wirhin each of
the final stand boundaries. Thc pixcls of all sub-mini-
munr size stands that are mergcd into the final polygons
are includcd in *re polygon summaries. Therefore,
aggregated sub-minimum size stands arc included in the
summaries and contribute to thc avcragc characteristics
of thc final stands.

Summary

Pixcl data developed using image processing tcchniques
arc charactcrizcd by cxlrcme hcterogcncity and largc size
databascs. Pixcls may be aggregated inro polygons bascd
on thc vegetation characteristics reprcsented by the pixcl
data. Rulcs and weights thar cstimatc the rclationships
bctwccn diffcrent charactcristics, minimum size areas to
bc mapped, and the objccrives of the mapping effort may
be used to guidc thc aggregation process. Stands are
aggrcgated based on thcir similariry ro adjacenr srands as
estimated using the rules, weights, and minimum size
limits that have becn defincd bv the uscr.

Literature cited

Brown, G. and L. Fox, 1992. Digital classification of
thcmatic mapper imagery for recognirion of wildlife
habitat charactcristics. Proc: I 992 ASPRS/ACSM
Convcntion, Amcrican Socicry for Photogrammetry and
Rcmotc Scnsing, Bethesda, Maryland, Vol.4, pp. 251-260.


