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mapping forest resources from; aerial
photographs are. divided linto. an interprety-
tion and amapping pliase. Maps are an essén-
tial toal for the forest manager providing de-
tailed; datd of the resource which he cannot
retain inhis memury |fm emtemded periods of
timea.iunio
Tl‘llb canbely lewed asa {;h.un of tnm:.ltu)u'i
inwhich the manager interacts with the ve-
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but it is likely to invade the process at levels
which will approach the final decision stage
which should be complementary, not com-
pctitive wy £ (

C-u'q( ITY AND SPE umre wn Ea‘(tms W huh can
be improved most through automation.
Automation may directly improve the quality
of the mapped data. These po&.:,lbllltjev. exist
for the lower-level, routine decision proc-
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dourée’ thi‘odgh thehise o rlembfe Eehsors aﬁd
mappitg instrumients from which' m(:de]s are'
gent‘mted ‘merged, simplified, lind' reduced
to 4 decidion’ régmdmg a tertain aspect c of the
reénun,e The décision i,s' "Aecottiplished by’
usmpj a'reverse of the' Hmppiﬁg process. A'
féedbiack’ mech.imsn‘t st operate’ to main
tdin 4 1i§9r(m‘s c(}hﬁebtz’nn bétween )hy'ﬂc
l'eldlllt'\’ AndFthe Mianager’s dbstraction of this
realitl ity lﬁlh decision HJameoné as both! prc-
IFC‘II!"I‘EQ ‘Are il‘b_]e t'to iekrof L Dol o

Tn the! broadest Elén\.e' the hmpdﬁant fdébora
in thappihg’ e’ qidlity,'speed, and' Eapgc‘lty.

mtomifé;(!{ iapping 1§ éljfl’hh'#f"lhle pr oposit
ho‘n’"the‘n for theve factors the process will
have to be superior in comparisén’'with the
equivalent human process.

Automation can replace only a small part of
the, chain of processes of, ever-increasing
complexity, that, leads to; the final degision.
C()nmlerte‘ automation may, n,ever come aboul‘,
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esses, where machines are faster and capable
of handling and storing vast amounts of data.

Therg is apoint beyand which the resour
model does, not show spatial relathn\.hlgl
.um]ugom tq, thgse of. the actua] physical re-
SQUICE if, thq: mapping progess,, }Jut m,:;tead
the model becomes an abstraction w]m.h is.
more suited to the decision process. Through
the, introduction, of the d;gltdl computer; au-
tqm,—,ltlpl} can qceupy, a decijsive, role in the
determination of ;this, pesition., Parametez‘s
may be obl;.mled t;rqughlmnp ing the re-
sQurce,, l,f a, model of the resource is present
the ,same parameters can be obtained by
sq_n,aph ng the model, rather than the resource.
itself,, thus; the model has a sopluhtlcatlon

proportional to its usefulness in reducing the,
sampling. One ¢an sample from single agrml
photographs, maps, and three- dlmemlona]
computer-stored models. ||

Shert of abstraction the mo 'sophlsthated
model would be jone in, which alT resource
Lomponeuts (.,m, bﬁ reiated ql,lrect?y to Qhelr
spatial position in, the resource, mclndlng all
qualitative, ,(u]d quantitative cha;a.ctermt}c,s
relatmg, t(J any sort ofdeusmn that cuu!d POs-
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sibly be made. Future problems in
decision-making cannot be anticipated, be-
cause such a state can never be reached.
There exists a trade-off point, at which it be-
comes advantageous to store resource infor-
mation to offset an increased data-gathering
effort necessary for each individual decision.
This point (although precisely determined)
may, with increasing related technology, be
more extensively interpreted in models
which can be made available to the resource
"'I'd]}'dg{_‘]'.

Present computer technology has prompt-
ed the development of data banks in which
information on the resource components will
be stored and retrieved according to its spa-
tial association. To this end, one should dis-
tinguish two different categories in this ef-
fort: the interpretation phase, and the phase
in which the interpreted components are re-
lated to their original spatial position in the
resource base. The latter phase can be consid-
ered mapping in the more conventional
sense, though it includes the potential
methods to determine the size and shape of
components, such as trees.

Information obtained through automati-
cally interpreting digitized aerial photo-
graphs cannot be used unless it can be related
to the position of the corresponding resource
unit. A mapping system is needed to relate all
information obtained from aerial photo-
graphs to a common three-dimensional refer-
ence system.

Ecausk or the enormous amount of infor-

mation handled by an automated interpre-
tation system, the mapping system must be
automatic. An automatic digital mapping sys-
tem is preferable because, in such a system,
the scan data used in interpretation can be
used to develop a three-dimensional model,
and any point on the related aerial photo-
graphs can be referenced to this model.

This would be the primary reason for the
development of an automated mapping sys-
tem, but there are other reasons. Accurate
terrain models may provide information such
as elevation, aspect, and slope for the in-
terpretation process. And a precise represen-
tation of the ground surface is the finest re-
quirement for the automated extraction of
timber stand profiles.

Black-and-white photographs simultane-
ously obtained in more than one spectral
band can be efliciently acquired and inter-
preted. The success of this technique de-
pends on the selection of the wavelength
bands that will be optimum for discriminat-
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ing terrain features and conditions of interest,
and the employment of aids to photointerpre-
tation such as additive color image enhance-
ment.

Black-and-white multiband photos can be
color combined to form nearly any color
image desired. The interpreter can be confi-
dent that any color composite selected for
study can be reliably reproduced using the
same multiband photo inputs. Herein lies the
real advantage to using the multiband tech-
nique as compared to any other photographic
method—the system incorporates flexibility
in terms of results obtainable and reliability
in terms of replicating results.

The tone with which an object is registered
on photographic film depends on the amount
of light that the object reflects within the
spectral zone employed. As the multispec-
tral tone signature of a forest type often indi-
cates the identity or composition of that type,
these signatures assume considerable impor-
tance for the interpretation of natural re-
source features on multiband photography.
Reliable spectral responses of the terrain fea-
tures to be identified can be obtained and
these data can be used to determine optimum
film-filter combinations for multiband
photography, define object spectral reflec-
tance characteristics, and predict tone signa-
tures.

In many instances, particularly if forest re-
sources are being analyzed, color infrared
film contains more information than stan-
dard color film—due to the vast amount of
information available in the near-infrared
band of the spectrum. Useful information re-
lating to the different reflectance characteris-
tics of terrain features can often be obtained
by sensing in more than one specific region of
the spectrum; however, neither conventional
color nor color-infrared film is always sensi-
tive to those particular wavelengths where
the maximum amount of information might
be found. Among the methods being ex-
ploited forthe purpose ofalleviating this prob-
lem is additive-color image enhancement, a
highly flexible technique employing color
presentations of carefully selected multiband
photographs.

o Make additive color image enhance-

ments, black-and-white multiband photos
of an area are simultaneously obtained in
each of several spectral bands. By means of a
multiple projector system, the multiband
photos are optically combined in common
register onto a translucent or reflecting
screen using a positive transparency of each
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of these photos. Inserting a different colored
filter into the optical path of each projected
image, asingle false-color composite image is
created. Interpretation can be made on a
single color composite from which any set of
bands within the visible and near-infrared
portions of the spectrum can be selected.
Color presentation can be altered by chang-
ing projector filters to enhance particular re-
lationships and in this way several hundred
shades of gray, which is differentiatiable by
the human eye on black-and-white mul-
tiband photos, can be expanded to several
million detectable colors, differing in hue,
brightness or saturation. If color film can pro-
vide enough information to fulfill user re-
quirements, then certainly one should not
bother with black-and-white multiband
photography. This is not always true, de-
pending on the information desired, in-
terpretation results can often be greatly im-
proved using reconstituted multiband
photography instead of a standard film.

The maximum number of bands that can be
employed in black-and-white multiband
photography is limited only by the physical
construction of a suitable camera system. Op-
timum focus for each bandpass is achieved by

matching the lens with the wavelengths of

light for which they are to be used.

Black-and-white multiband photos can be
combined into a single color composite with
additional flexibility afforded if images are
combined because color saturation levels can
be altered for a particular bandpass.

Certain environmental variables such as
solar illumination, atmospheric scattering
and radiation absorption patterns, which in-
fluence image tone, are not readily measura-
ble and are difficult to standardize.

To facilitate registration of enhanced mul-
tiband photos, all images should have identi-
:al spatial positioning with respect to their
principal points and each lens should be
matched for the band width for which it is
being used.

Tone and texture can be numerically re-
corded by photographic density, this possi-
bility presents a prospective technical basis
for an instrumental interpretation of the aer-
ial photograph.

HOTOGRAPHIC TONE 0n a black-white or color

aerial photograph is the brightness of a
lighted and developed area of a photographic
layer. The density value is expressed as the
percentage of light that is absorbed by the
affected area on the prints.

Photographic tone depends on characteris-
tics of the ohject, such as original remission
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value, structure and form as well as on the
distribution of light on the photographic
plane. Atmospheric conditions at the mo-
ment of photography, film-filter combination
and time of photography, cause an increase in
the scattering of grayv tone value or the color
density of an object. It must be pointed out
here that photographic tone on color aerial
photos with its three components of color den-
sity offers a better possibility than the gray
density on black-white aerial photographs for
the identification of image forms.

Photographic texture can be regarded as an
extension of photographic tone, which not
only takes mean photographie tone of an ob-
ject complex into consideration, but also its
variations within this unit. In small-scale aer-
ial photos, form and especially details of
single objects cannot be reproduced due to
falling below the resolution boundary, tex-
ture has significance in identification of the
objects. Form, size, spatial distribution and
density of these components and their con-
trast to one another determine the appear-
ance of texture on the aerial photo. Photo-
graphic texture, being influenced by the sur-
face structure and the remission value of an
object complex, is influenced by film-filter
combination, photo scale, illumination, time
of photography, atmospheric conditions and
the ability to convey the contrast of the
photographic svstem, which have nothing to
do with the original character of the object as
was the case with photographic tone. It is
difficult to set up a comprehensive clear-cut
scale for texture similar to that of photo-
graphic tone. The instrumental recording of
photographic texture will accordingly be
more difficult, but not impracticable. Varia-
tions in the smallest area of photographic
tone, i.e., texture, permits scanning by a
measuring instrument along a line. The basis
for automation are measurements recorded
numerically with its statistic size, as the
arithmetic mean, i.e., the average spatial fre-
quency and the mean amplitude of the gray
density variation. Photographic texture offers
a possibility for the identification of image
forms over photographic tone in that change
in photographic tone in the smallest area is
opened into two additional dimensions: one
in a spatial field, i.e., frequency, and one in
the tone field, i.e., amplitude (contrast).

Quantitative evaluation of the aerial photo,
by means of the measurement of photo-
graphic density for identification of land use
classes, offers a possibility for the automation
of interpretation.

Automatic photo interpretation, which has
an analytical description of the forest as the
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obJectme hay’ scanniné and dmlhzing of der-
ial photographs 1)\|f gray \Ldle derisity, l’et-hh-
cation' of the'digital image from tilt {lnlﬂhce-
ment, from radial displacément and andlvtit
uﬂ interpretation’ of the' drglt#ﬂ image mdp
Each object iy pl.‘u_ed irfan brihogondl sy 5
tem ‘with doordinates’ (XY, Z)'and ]‘ne‘lghf
swe and forrfi, .uid :rd(?lfmnd! t’equ'ln desdnp-
{*mn are’ gwtn e sl el itiw ¢o!

" Either' photnpfl‘aphlc 'toné "or' ovie’ of the
threé ! téxture {.nmpnnéﬁh dari ' the'! usléd Al
photographiid téxture can bé numerically ex-
ipressed together withi thiree pdrameters;ithe
‘possibility exists’ iof combining the three
parameters—meun density, mean anplitide
dnd medan freqieney of | micrométric
densograms—for the identification of forest
fstand types loni black-white aerial photas] so
that the best possible d1’rferentr‘rtmn of the
objects can be achlewed ili rolad wnills
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oI Efforts/to develep automated! méthnd», f‘m
mapping forest resources are being made in
whichithe’interpretation'phase and the map-
ping phdsetan'be redognized: Aerial photo-
graphs dre scanned ‘and idifsitized; and the
dfvgitizéd[ddta are used directly in!the in-
terprehtmn A hlgh success ' rate iwill be
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'In the ‘context of Al wﬂdl'md resource in-
ﬁn‘l‘ndhnn sv stem! work'on hif dutomated dlgl—
tal mapping systéni’is tindérway to form'an
l'I‘If(-‘}‘_'l‘ll part of i fen.bui-tb infor zj'..ltlon system
in’ Lqmlnn,lhoﬂ with ‘Atitdmated interprétat
tion mvﬂl(}d\ TF prélininaty résults 'ave con-
h:m'F-d i solid'bisis for the' dtlt&ndted extrac-
tion of timber stand’ pmi'ile\ will have been
eut.lf)hs]itec’i With regird td the other objec-
nves of ‘an titomated’ mapping ‘system,
iMprovements iré’ neehed mostly ‘to'thake
thie 'sydten)’ ecmmmltam f'eduﬂale '
TOften t]ré dame mt()rmm‘rqn that can be ex-
triactdd imm mholtiband' pHntHILr(mhv can'be
hl:-t(uhéd as q'uld\]y dhd’ effitiently’ by ems-
ploving''ébloi’ or co‘lnr—mfraled filns.  Mul-
tiband photography’ reqmrt’s expétisive and
Lolmrﬂd\ ‘equipment;’ thiy' tetjpquuc \,‘ﬁmlld
ot hecedarily beconsideted a' réplacemérit
for, but & supplémﬂ Hit o, convétitighal photoét
g_,mphid ﬁwthhtls The! *t("h antiges andlimitat
tons of'a thu]tll)a.nd syster versus ar éxisting
'I‘v‘:tem wist e carefially '\'v'ezghed—-dnd ‘¢ost
ectivendss” considered! 1f the ‘concept ‘of
mlfltﬂ)dnd lﬁmtdgmph} iy ’mrredt]\' dpf)liet]
flexibility i terms ' 6f image {ornmhnn ane
intérpréetation’i is nﬂemd which tannot easily
be matched’ by any an‘eﬂt’lfmal ]‘)}]t)tt‘)—
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Dﬂ\\m V. b\uTH 52 meessor ni Fmesf En—
gineering, Sleo] of I'nre@try, stephen

‘}uxhn State Umvernt\, Z\f,aLogdn(,heb
Texas, and author . uf the foregum;, article,
dled unexpectedl'_v on. July 5,,1974.

~ Smith, a native. of Georgia recewed hls

.1che10r of Science in For,estry in. 1947 from
the Um\«erslty of Georgia, his Master of
Forestry in 19a0 from Duyke, Unwersuy and
his Ph, D in Phpko,gmmmet;n in 1968 fmm
the State Umversltv of New York, College of
Foreﬂth‘v at Syrdciisé, He' hadhqen at’ Stei)‘nen
Fl Austm State University. four vears, after
having tiught for 18 years at the’ \(]l'glrlld
Polytéchnic Institute and' State University.
He was a registered forester in Georgia and a
regls'tered larid surveyor in'South! Carolina.

"Activein the Society of Américan Forésters

and’ th,e Amenmr]. Su(;u—;ty qi I,Ph(;t(pgmm-
metry, Smith) has, served elected iand, ap-
pointed positions in both societies. At the
time of his.death he was organizing chairman
of the new Agriculture, and Plant, Sciences
Cammitteer of the Remote Sensing and, Ins
terpretation, Division, of ASP and last, vear
was chairman of the Agriculture and Eorestry
Committee within the Division. He was in-
volved in twn ie(leml research contracts at
thi tite of his'delith: ‘one from'the Jolinson
Space Center'ih lalidausé m.m;imi! from high
altitade phistography: and one from the ULS|
l‘mest Service in wobdland imbhpping fm'm
ERTS-1 and Skylab'Imagery. | i)

He is survived by lis wifei two! dfmghre‘rs
.md rwa g‘m&\dchlidren verod o gaytarl




