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ABSTRACT

Work during the current reporting period dealt principally with
increasing our ability to utilize current remote sensor and analysis
capabilities. The work included: (1) a review of testing procedures
for quantifying the accuracy of'photointerpretation; (2) field tests of
a fully portable spectfa] Aata gathering system, both on the ground and
from a helicopter; and (3) a compar{son of three methods for obtaining

"ground information necessary for regional agricultural inventories.
Moreover, our altered version of the LARS point-by-point classification
system was upgraded by the addition of routines to analyze spatial data
information.

We found that: (1) Care should be exercised when carrying out a
photo interpretation exberiment to ensure that (a) optimum photography
is acquired for the experiment, rather than using “ayailable” imagery
which may confound the analysis, (b) test images are not used for plot-
ting ground truth, and (c) test plots are randomly selected after strati-
fication of the test area. (2) Use of the one way analysis of varianée
design for photo interpretation experiments frequently results in a
large unexplained error term. A factorial design is recommended which
may provide a more powerful test. (3) Estihates of the accuracy of
‘boundary delineation on aerial images can be obtained through the com-
bined use of boundary and area coincidence methods. (4) Spectral reflect-
anﬁe measurements made of alfalfa froh a helicopter at an altitude of
50' (12.5' circle viewed) and 500' (125' circle viewed) were not sig-

nificantly different at the 95% confidence level. (5) Agricultural



Il

‘”gfédnd;fruth“ information necessary for large regional surveys can be

‘aéqyiredij ;,4 timgs'Faster;From ]ow flying, fixed wing aircraft than
by'tradftionai on;thefgrqund,techniéues. Our time and.cost data also

_ favqf‘fixed'Wihg airéraft over helicopters for gathering such informa-

'.fioﬁ. (6) Slgnlflcant correlatlons were obtained between the Hadamard.

' Transform energy coeff|c1ents derlved from scanned aerial photographic
‘images exhlbltlng varying tree spatlal densst|es and their ground-

_recorded basal area parameters
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. Chapter 1
INTRODUCT I ON

- Gene A. Thorley
Robert N. Colwell

We have experfenced in the past decade, a tremendous.
increase -in the capabilities and sophistication of sensors and
énalysis techniques which can be utilized iﬁ our aftempt to
provide inférmation for the solution to resource management prob-
lems. This sophistication however, haé forced us to change our
way of pérforming research, for no one person can be so knowl-
edgeable as to utilize the available tools to the highest'poten-
tial. In order to properly apply -advanced remote sensing tech-
qiques,_our experience has convinced us of the necessify to use
é systems concept and team.approach for defining the role of
reméte»sensiﬁg in so]ving‘problems §f interest to the vegetation
.resource manager.
| \With a view to using a systems approach, we reorganized our
Forestry Remote Sensinj Laboratory three years ago to include
five functional units (see Figure 1.1). These units address
thehselVés to the most important prob]éms which must be solved

if a remote Qensing system is to be employed successfully for earth
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resources inventory purposes. The five problem areas investigated under
this team concept are as follows:

l. Determination of the feasibility of providing the resource
manager with operationally useful information through the use of remote
sensing techniques;

2, Definition of the spectral characteristics of wildland resources
and the optimum procedures for calibrating multispectral data;

3. Defermination of the extent to which huméns cén extract useful
’earthvresource fnformation through a study of remote sensing imagery in
"either original form or when gnhanced'by various.means; ‘

L, 'Determjnation of the extent to which automatic data handTing 
and processing equipment can extract useful earth resourcés*information
from remote sensing data; and ’

5. Effective dissemination of remote sensing results through the
offering of various kinds of training programs in which the interaction
between users and scientists can be emphasized.

.The units of our Forestry Remote Sensing Laboratory which are
engaged in these five problem areas are respectively, (a) the Operational’
Feasibility Unit, (b) the Spectral Characteristics Unit, (c) the Image
Enhancement and Interpretation Unft, (d) the Automatic Imagg Classifi-
cation and Data Processing Unit, and (e) the Training Unit.

Consistent wfth ;he organization that has just been described, and
mindful of the problems which each of the units of our Fdrestry Remote
Sensing Laboratory seeks to solve, the next five chapters of this report

are devoted, respecfively, to the activities of these units.



Chapter 2
OPERATIONAL FEASIBILITY

William C. Draeger
Andrew S. Benson

INTRODUCT ION

The responsibility of the Opératianal Feasibility Unit is to
develop practical, usable remote sensing techniques by means of which
the requirements of users concerned with earth resource management
can be satisfied. In fulfilling this responsibility, the unit provides
a link between basic technical studies conductedbby other units of the
Laboratory and elsewhere,-ahd the aﬁplicétion of these techniques to
actual earth reédurce management:pfoblems. The primary tasks. under-
taken by tﬁe unit include: (1) defining of user requirements for remote
sensing data, (2) developing useful and pertinent testing brocedures
for evaluating remote sensing.techniqUeS in light of thqsé requirements,
and (3) recommending the opt}mum applicafion of remote sensing gysteﬁs

to operational problems based on the results of such testing.

"CURRENT RESEARCH ACTIVITIES -

A. Development of Statistical Testing Methods
During the past yeaf the FRSL completed two projecté which entailed
testing of remote sensing systems: Quantitative Evaluation of Multiband

. Photographic Techniques (}auer, et al., 1970), and A Semi-Operational



Crop Inventory Using Small Scale Photography (Draeger, et al., 1970).

The results of both were highfy dependent bﬁ statistical analyses

and éstimation procedures. During the cpﬁrse of these projects a

number of data collection and statistical\desjgn problems arose which
were not foreseen at the beginning of the projects; hence, thé pro-
cedures'whf&h were used have been réeValuated here in Order fhat improved
techniques can be developed for future projects of a similar nature. In
~addition fo-the references listea ébové; discussions of both projects

.appear in Chapter 4 of this report.

1. Quantitative Evaluation of Multiband Photography

The objective of this project was to determine th; Felative usefui-
ness of various types of sihgle bénd ahd~multiband imagery for the
idenfification of égriculturajAcrobs-énd forest treé species, and.the
mabping of wildland vegétatibn types; The-availability of multiband
photpgraphy,‘compfehenﬁiVe ground data'obtained‘af the time of the
fvoverflight-at.the diffeféﬁt test sftes,-ahd a large group of skilled
- photo interpreters at the ForeStfy Rémofe Sensing Laboratory provided »
thé components needed for quantitative tests to Be run on the relative
interpretability of the various image types.. The resglfs of the photo
intefprétation.tests, expressed as percent correct and percent commission
error, Qére.analyzed using a'one-wéy-analysfs of variance. Wﬁen
statisticél]y Sighifiéént results occurred, the mean§ of.such values, és
thainéd with the vafious'image fypes,:wefe ranked using Duncan's new

multiple range test. |t was concluded from thfs study that multiband




imagery in general was superior to single band imagery for the identi-
fication.of agricultural crops and forest tree Spécies, but that single
band and multiband imagefy‘were equally useful for mépping'wifdland
vegetatién types. o

While this study arrived af soﬁe EonciusiVe'results it also indi-
éatédladditiohal'greasAof sfudy that should bé'inyést}gated. First,
al though multibaﬁd imagery proved to be superior'fo sing]é”band imagery
for‘vegetation identffication, accufacy-leQels of both imagéry types
were fod low to be acceptabié for éperafionél épplicatioﬁs; Since only
single date imaéery was used, it is possible that accuracy levels could
bé improved u$iﬁg mul tidate imagery or muitidate-multiband jmagéry.
This possfbility could be verified or refuted with fﬁfther>testing.
Second,'this study did not indicate that any one form of multiband
. imagery was superior to any otﬁer foé_agricultura} orqurgstry objec-
tives. The determination of which multiband image type is best suited -
for a-particular agricultural or forestry application is a logical con-
tiﬁuation of the.original study. Finall?, the conclusion @hat.multi-
band imagery was‘superior to single band. imagery for identification'
of yegetatiqn but equal to single band imagery for vegetation mapping
seems paradoxical. The probable reason for this paradox is that the
imagery used fbr.the wild]aﬁd mapping exercise was of such high reso-
lution that the effects of film type wére minimal. More study is
needed with lower résolution imagery to determine whether these con-

clusions are valid for all imagery, regardless of resolution.



If any of these questions are to be studied in the future, the
following aspects of data collection and statistical design téchniqugs

should be considered:

a. Acqyisition of Imagery

A'seriqu§ prob]em’érose dyé to fhe féct that gome o% the imagery
used for téstihg was not floWn specifically for the study. lhﬂthe
process of atfempfinglto bfing a]l test imagery to.a common.scale, image -
- resolution was’degradea fn some éaseﬁ;.vTBus, a cdhfounding efror which |
.could not bé fsolated by test desfgﬁ:was introdu;ed into the statigtl;alx
analysis.. Theré is’on1y one solution to this prébiem --.fiying careful ly
cpntrdl1ed photo missions for which the specifications Have béen precisely

defined in advance for a specific experiment.

b. Acdufsition of Ground Data

_Grbﬁnd checkingvahd selection ofbtest itéms should not be carried
out uéiné imagery that is to be tested at é later time. .Fér example,
due:to the lack 6f;adequate imagery, the gfound checking and tree selec-
tion for.the tree Sp;ciés identiff;ation portion of the;project.wés
done with the aid of an image ﬁypé that was subsequently compared with
other:imagery in the actual test. "Hence,'itvis conéei?able that a freé
- that did not appear clearly on this imagefy, yet might have appearea on
other‘imagery béing tested, would not have been selected for the test. °
Therefore, what was actually being tested was not the relative ability
of interpreters'to idéhtify'trgeé using different film-filter~enhancement
types in a forest envifonment, but the reiative abiiity of interpreters

to identify the population of trees that appeared on a particular image'



type using different film~filter-enhancement types. This Qas not a
serious problem in this study since it Qas concerned énly with the
identification of individﬁal tree sbecies, and even with imagery of
marginal resolution most individual trees prééent on the Qround will
appear on theAimagery. HoWeVér, if one is concéfﬁed with mofe complex
idénfificatfon scheheé, such as vegetation types, this method of
ground checking can‘léad to serious bias.

4;This p}obiem cah‘be solved to a certéih degree.by ground cheékfng
with the aid of larger scale andbhighéf resolugion:imagéry than that
wﬁicﬁ is to be tested. (ldéally, all data colléction for phot6>
interpfetation festing should be gathered without the ;id of photos>
in order to'eliminéte all péséible "photo'' bias, but thig is not>
practical for most wildland situatfons.) Aftef ground checking haé
. been complefed; test items (e.g., trees, test giteg, etc.) can be -
fandémly se]é;ted from the total population ofldata éol]ectea;

‘Tesf sites must be located jn'a random»manner throughout the
test area. |If a particular resource is to bé tested, photos may be
used to stratify the area in order to eliminate those portions that
are not'of interest. Photos must not be used when selectingithélactual
test‘sites, since the areas that would iﬁevitab]y be’ chosen as test sites
wqqid be those that appear “besF“ or "most typical'' on the imagery.
Aside from this initial bias, there is no guarantee that such test
sites‘woqld still appear. ''best' or 'most typical'' on future imagery

due to changing factors such as cloud cover, vignetting, changing



ground conditions, etc., thus making reliable sequential studies

impossible.

c. ;Statisticaj Dgsign .

The data'gagheréd for this éxperimen; were analygeé using,a_
one-way_analyéis of variance dgsign. In méhy cases this desjgn proved
to be fnadequate since-ft isolated oniy two Sources'of.variation:
that due to image type, and that due to varying combinations of errors.

: For(tﬁé majprity of tests the error term was quite_large,:probablyl
because it inclpded.variabilitybdue-to interpfeter ability, differences
‘in test gite, possiblé intergétions; sampling error, etc. A factorial
desigh whfch iéolétes some of these additional poténtial sourcéé of
variation might have prpvided a much more powerful tgst.

‘The followiné example shows how a 33 factorial design might be
used»fof feéting three féctors: vinterpreters (three levels), film—fiiter—
enhancement types (tﬁrée typgs);ltest sites‘(fiye‘sites);‘and one
inféféctidn:"intefpreter X film-fi]ter;enhancement type (seé fiéure
2. - |

'Intefpreters (I) can be either a random or a fixed factor. In

the exémﬁle it is a fixed factor -- each of thé three ihtérpreters
rreprésents a pafticulafvski]] Ievef.‘ However, ff'cdnc]usioﬁs_concerning
all interbretérs in general areAwanted, then the fnte}pretérs should
_be choseﬁ randémly.i It i;_importaﬁt-to decide whether this factor is
‘to be fandqm or fixed.in order to determine the proper mean.squaré_

to be used for subsequent testing.



Table A:

% CORRECT

Film-Filter-Enhancement Type X
. Ektachrome CIR Enh #1 Teitts;pe Intirzr?ter
Tnterpreter | 1_ 2 3 | 1 2 3 |1 2 3| °% ot
Test Site . :
A 30 35 51 4s 60 62 | 66 73 81 503 1 709
" B. ©33 41 48 50 58 65 63 71 93 528 2 819
- C 28 38 49| 49 53 68| 71 70 95 521 3 1015
D 27 31 49| 49 50 63 | 65 65 90 489 . 25643
E 25 35 47| 46 57 79| 62 76 84 502
Total 143180 244 [ 239 278 328 [327 361 Bh43| 2543
Film Total 567 845 1131 o
" Table B: ANOVA (fixed)
DEGREES OF [SUM OF
SOURCE FREEDOM SQUARES MEAN SQUARE F 10% SIG.
I (fixed) 2 3203 1602 126. | Yes
FFE (fixed) 2 10604 5302 Ly, | Yes
I x FFE (fixed) 4 60 15 . 1.172 No
TS (fixed) b 110 28 1 2.163 Yes
ERROR (random) 32 Lo6 13
TOTAL Ly 14383
Table C: ANOVA (mixed)
DEGREES OF |[SUM OF .
SOURCE FREEDOM SQUARES' MEAN SQUARE F 10% SIG.
I (random) 2 3203 1602 126. Yes
FFE (fixed) 2 10604 5302 353. Yes
I x FFE (mixed) : L 60 .15 1.172 No
TS (fixed) 4 110 28 2.163 Yes
ERROR (random) 32 406 . 13 :
TOTAL Ly 14383

Figure 2.1. Table A is example data for a 33 factorial design with

one replication. Table B is the ANOVA for this data for three fixed
factors: interpreters (I), film-filter-enhancement type (FFE) and test
sites (TS), and one interaction: interpreters x film-filter-enhancement
type (I x FFE). All the factors and the interaction are fixed so

that the F is determined by dividing the appropriate mean square by

the error mean square. In Table C,I is a random factor and not fixed
as in Table B. The F ratio for FFE must now be calculated by dividing
its mean square by the mean square of the I x FFE interaction.



Film-filter or énhancement tfpe (FFE) ié a f}xed factb?r :fn ;hi§
éXémpfe it i$ limifed to three types. ‘ance eééh»in;erpréfe}.wiflibe
testgd'oh the same afea for each-t*pe,:it is bé;ﬁ:to limit the number
of'types so that_familiariiation.with the area is kept minimal.

Test site; (Ts) is a fi*edifacfort The fact ‘that thefe are :
‘statistical differences between the ﬁhoto interﬁretatfonvtest:resdlfs
for different tést'sites may bgiofvno particular interest in itself.

- Herver} at times significant'variatioﬁ occurs between test sites, and
if this'variation can be isolatéqA£he ﬁvefall test becomes more
-powerful.

Interpreter x film-filter-enhancement interaction (I x FFE) fsf

of interest only if the interpréfer factor is_fixed.' In this case,

one ‘can determ}ﬁe'if one skill level of‘interpreters is better able

to utilize a particular film-filter-enhancement type than another level.

Three additional interactions can be testedi_(])‘FFEAx TS,

. (ZX;I x FFE, and (3) 1 x FFE x TS; however, for this particular.
exémple, they were not. Even if either of the first two interact?ons
ﬁfdved tpbbe significant it.wés félt that no meaningful fnterpfetation
of the‘iﬁteraction could be made. If the three way'interaction prbved

- to Be significant, not only wodld it be more difficult to logically
explain than the first two interactions, but since there is only one
repétftion ﬁe; cell ﬁhe three.way,fn;eraction.would reduce theAeEror'
degrees of "freedom to 0 thus mékingfif imp§ssibie‘to~difectly_té$t‘

the major factors and interactions.
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This factorial design has one major disadvantage. Each interpre-
ter'mdst be tested on a particulat test site three timee.i'Hopetully,
the |nterpreter would be obJectlve enough to try to ”forget“ infor-
mation from the images of the test site he may have prevaously examlned
However, since no one can be 100% objective in such a Sltuatlon,
possible bias arising from this repetition can be reduced by the order
and the period of timevover whieh the tests are given. If; fpt
example; all testing is done‘fer the Ektechrome inagery‘on ell test sites
befqre reneating test sites fot another_imade type,'a Ieng enouén
periodlbf'time may have elapsedtso that site familiarfzation would be
reduced. The disadvantage of this bias is odtweighed by haying each
interpreter examine each test 'site dn each FFE type enabling more
meaningful comparisons to be made. |

_Another disadvantage is that each interpreter must take 15 photo
interpretation tests which may cause his motivation to wane. Curbing
this potential lack of enthusiasm mignt_require tnat the testing
period be several_neeks or months in length. However, dealing with
only three intetpreters might be considered an advantage stnce the
administration pf the photo interpretation tests would be simplified.

2, A Semi- operatlonal Agricultural Inventory Using Small Scale

PhotograEhx

During the summer of 1970, three members of the Forestry Remote

Seneing Laboratoty‘inventoried all barley and wheat acreages in
Maricopa County, Arizona using 1:120,000 scale ektachrome trans-

parencies. The county was divided into thirds, and each man did a

12



100 percent photo interpretafign of his aésigned éreg and tallied

hi§ estimates by section. -Througﬁout the county, 32 four-squérg-mile
plots were randomly located froh which ground data -- e;g., crop type -~
were collected at the time ﬁf thé photo.mission to evaluate the accuracy
of the photo interpretation estimates. The photo interpretation esti-
mates wére.then adjusted by usiég regression estimatorélcalcuTated

by the ratio of the-érop acreages on ground plots as determined by
-groﬁnd.crews, to the photo interpreters;'cfop acreage estimates of

those same plots. Although the estimated acreages and sampling errors
were well withinAacceptable‘limits,'feevaluation of the techniques
ﬁndicéted that future agricultural inventories of this.sort could be
improved by.(l) }ncreasing the number of field plots{ and (2) obtaining
independent estimates of field acreage on the ground plots. Both of
these‘improvements will ‘be implemented in our future crop survey work

in San Joaqujanalley, California.

~a. Sample Size Determination

It is difficult to determine how ‘large -a sample must be for the
fofmula for the standard error.of a regression estimator to be
reliable, but Cochran (1955) suggests a sample size of a least 30.
For this survey the three interpreters examined only 9, 9 and 11
four-square-mile sample plots, respectively. However, since the
interpretation estimétés were recorded by section and the ground data
cémpiled field by field for each fer-square-mile plot, all that

was required to increase the sample size for each interpreter was to

13




recompile the field data for'ggg;square-mile sections. The photo
interpreters' errors were recalculated using 38, 38 and 48 one-square-
mile sample plots, rgspectively. While the total acreage estimate
remained unchanged (i.e., the ratio estimators remained the same) the
sampling errors varied, but in only one case were the changes sfgni-
ficant (see Figure 2.2).

The;resufts‘of this ree?aluafionlof-thelsampiing errbf do not
_redUce:éuriopfiﬁism reggrdihg*{he feasibilfty of the genera]”téchniqués
utilized. .The Fe;hniques will remain virtuafly unqhanged'for our
' ‘upcoming crop survey work in the San Joaquin Valley{.Ca]ifornia except
” that;ground daté collected for four-squafe--mile test plots will be ..
'initially combi]éd by square-mile sections. |

b. .Field Acreage Estimation.

For this project, the estimation b% tHe acreagéé of éacﬁ fféld
for both the "'ground'' data and photo interpretgfion estimates was
accompIishéd.hsfng ; grid oveflay‘onvaérial phofos. Thys;'ény‘errof*
attributed to the photo interﬁretétionvprocéss'is pfé;uméb191qué'to
mis-identification of crop type, while it is impossible to isolate
the error attributable to the mis-estimation of field acreége.

While it is felt that some technique using aerial phqtographs
will result in a more accurate figure for the actual field acreages
than any on-the-ground technique short of a rigorous survey of each
field, such a technique must be of sufficient accuracy to allow for a
determination of the photo-interpreters' estimate error with a high

degree of confidence. With this goal in mind, work is currently



Inter-.

L Square Mile
Field Plots

.1 Square Mile
- Field Plots

preter _ Crop Sample Sample Sample ‘Sample
: Size Error (%) Size Error (%)-
] ‘Barley 9 17 38 17
Wheat 9 17 38 15
2 Barley 9 30 38 34
Wheat 9 32 38 =32
3'. Barley 1 - 1 48 27
Wheat 11 21 L8 19

* Statfstically significant change.

Figure 2.2.

\

Comparison of photo:interpreters sampling error as the

sample size is .increased for the same data.
from four-square-mile plots were retallied as one-square-mile plots.
In only one case was the change in sampling error significant.

15
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progressing on the use of automatic image scanning techniques (with the'
cdoperation of the Automatic Image Classi?ication and Data Processing
Unit) for accurate field'area measurement to serve‘as a ba;iQ fﬁru
témparisoﬁ with the_interpretersi dcﬁlar eétiﬁate. Hobéfullf; this

will leéd to a moré.comp]ete analysis of the type df error (éﬁd their

magnitude) associated with the interpretation”methods'being'used.

B. Resource Mapping Evélqation Studies

As a preliminary step in the quantitative evaluation of maps made

" using sﬁall scale aircraft and ERTS .imagery which will be én iﬁportant
part of our studies during the coming year, a study was begun' intending
to survey methods of resource mapping evaluafion-which have béen used by
'reSearchérs in the past, and to determine the utility of those techniques
for spgéific‘kinds of mapping problems. This study in its entirety
appears in Appendix | of this report.

'fﬁréét stand delineation was chosen as a case study example for
analysis. The preliﬁinary"step was an attempt to define exactly the
need for forest stand maps by land mahagers, and accuracy requirements.
This ‘was accomplished primariﬂy through personal interviews with both
éovernment aﬁd private empjoyees directly involved with managément
decfsions. In essence, the results of these interviews established the
" following:

1. Forest stahd maps are indeed used on.a regular basis for plan-
ning management of forest lands both on a local and state or regional
level. Uéeé range froa layout of logging roads to étratification prior

to regiona1 inventory samples.



2, In general the users have adapted their use to fit the
quality of map presently avajlab]ét Nearly all agree that anAimprove-_
ment in accuracy would be desirable, but few are able to state defi-
nitely what gains or-benefits wocld‘accrue from such improvement.

3. M Due to the difficulcy Of.determfning marginal benefits, a
strict cost—benefit fafio analeis-tc determine the'uscfulness of
mapping fromfremoteréensing data is.nearly impossible..‘Probably the
~mosc fruitful approach is to attempf to.demonstrate ‘that in cpecific
cases, increased map accuracy can be obtained at a cost less than or
equal to that -of conventional techniques, thus avoiding the more
difficult analysis entirely.

I't. has ceen our cxperience that these conclusions are probably
not characteristic of only foresters, but apply equally~as_well to
most persons engaged in land management decisions.

Having established that a quantitative determination cf mapping
acccracy is a'wcrthhhile objective, .a literatqre survey was conducted,
4.and various techniques used for resource mapping evaluation in re]a-
,/ticn»tc remote sensing analysfc were investigatcd, There are sur-
prisingly few papers which deal with this subject, wbich may bé'indi-.
cative of the difficulty of the task. It appears that the major
problems'chOuntered are a lack of ''ground truth“ data for comparison,
and the determinétion of the variouc kinds of incerpretation or mapping
efrors which can be made.

| In genéfal, a map can be tested either on the basis of the loca-

tion of delineation lines, or the coincidence of delineated areas.. In



either case ;n analysis of tHe results i; complicated by the fact

that typing or mapping consists of two operations, hamély,Aihe
drawing of boundaries betWeén'typeS, and the assigning of a particular
identifi;ation’label to each delineated type; In terms of ground |
Altruth, the problem stéms from the fact that in most cases ihvblvfng
large areas, the gglx_péssible way to obtain compréhensive mapping
data is through the uée of aerial photos, and hence the difficulty of
obtaining‘indgpendent and objective informatfon against which to eval-
uate the mapping procedure in quesfion. Usually some method of = ..
sampling to obtain ''ground truth' is necessary.

The -literature review yielded two papers, one dealing with -
boundary coincidence ‘testing methods - (Vermeer, 1968)Aénd one dealing
with afea coincidence methods (Young and Stoeckeler, 1956), which
presented some guidelines for a seemingly feasible evaluation tech-
nique. In Qrder to combine both hetﬁods and try outAa system using
bothAboundary and_area,criterfa, a.test was carried out'using a
forested tract in Finland for‘@hich stand boundariés had- been mapped
on the ground by trained foresters and for which independent photo
fnterpretation_of‘forest stands had also been carried out. The
objective of the tést Qas not to eValﬁate thebphotblinterpretation
procesg, but rather to simply become acquainted with the testing
prbcedures themselves in a pilot study, and to attempt to iron out
tfoubleéome details in the procedure before the tgchniques were
applied to large areas such as the Feather River watershed in actual

interpretation tests.



In conclusion, it was felt that techniques for both boundary and
area coincidence testing which will be used in the near future have
been perfected, and that such tests can proceed as soon-as interpre-

tation results are available.

c. ExfenSion'of Agricﬁltural Invehtofy_StLdies

This past éummervfhe FRSL begén'iﬁvesfigatfons into the feasi-
bility of'pefforminé operational agricultural surveys using émall scale
.photography in San Joaquiﬁ Couhfy, California. lnlmany respecfs,
thesé investigations are similar to ﬁhe Work that our group has been
dojng ih Maricopa County, Arizona (Draeger, et al., 1970). However,
agricultural-practices in San Joaquin County are different enough
froh those in Maricppa'County so that experiments at the California
site will provide a good evaluation of the general applicébility of
the fechﬁiques initia]ly developed inArizona: -

-San anquiﬁ County is an areé of intensive and divéfse_agficul-
 tural‘acti§fty. 0f .the total 900,000 acres in tﬁe‘county;:approxi-
‘mately 700,000 acres (i.e., 75% of<tHé total) are devoted to agri-.
cuitu;al production._~(This caﬁ be comparéd to Maricppa County where,
of. the 5,000,000 total acres, only 500,000 acres [i.e., 10% of the
total area] are in agricultural production.) The'divé;sity of
agricultural production in thé county is shown in Figure 2.3. Many
of -the highly-va]uéble and perishable ﬁrOps are marketedrin the
nearby San Francisco Bay area, while the majof?ty of the field crops

are marketed within the county to livestock producers.



- A Harves ted Gross Month . Month
Crop Type Acreage Value $ Planted Harvested
Field Crops (20%*)
Barley 47,100 3,789,000 | Nov-Dec or June-July
R : ’ ' Mar
Alfalfa 61,600 12,162,000
Irrigated Pasture 86,900 4,780,000
Range 141,400 707,000 :
Sugar Beets 27,180 8,400,000 | Oct Sept or Apr
Miscellaneous! 332,360 | 22,980,000
Total Field Crop 622,260 49,029,900 -
Vegetable Crops (22%*)
Asparagus 28,700 | 15,906,000 | June-Feb Mar-May
(biennial)
Tomato 37,460 | 25,238,000 | Mar-May May-0Oct
Miscellaneous? - 20,149 | 37,764,650 : .
Total Vegetable Crops 86,309 | 55,198,650
Fruit and
Nut Crops (28%*)
Almonds 18,155 | 13,100,000 Aug-Sept
Cherries 7,474 | 11,390,000 June-July
Grapes, all 43 455 | 26,956,900 July-Sept
Walnuts 21,030 8,500,000 Oct-Nov
Miscellaneous3 12,307 | 10,689,950 :
Total Fruit and Nuts 102,421 70,636,850

* Percent of total county gross agriculture value.

1 yncludes:

safflower, silage corn, sorghum, sunflowers and wheat.

beans (dry), corn, hay (excluding alfalfa), oats, rice,

“2 Inciudes: beans (1ima and snap), beets, cabbage, carrots, cauliflower,
corn - sweet, cucumbers, lettuce, melons, onions, peas, peppers, potatoes,
pumpkins, spinach, sweet potatoes and truck crops.

3 Includes: apples, apricots, bushberries, chestnuts, figs, nectarines,
olives, peaches, pears, .persimmons, plums and strawberries. ’
| . :

Figure 2.3. - Major Crop Listing: San Joaquin County, 1969. The data for .
the following three major crop categories account for 70% of the total
gross values ($249,013,670) of agriculture products for San Joaquin County.
Agriculture categories not included are: seed crops (2%), livestock and
- poultry (7%), livestock and poultry production (20%), nursery products
(1%) and apiary products (<1%). (San Joaquin Department of Agriculture,
1969. Agricultural Crop Report. Stockton, California.)
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Because of‘fhe‘higher.intensity-and greater aiversify.dffé§fi-
cultural practices in San Joaquin County, welére an;icipétfngiseQéral
problems ih performing agriéultural surveys- using small scalevimégery
there that were not en;ountéfed to any gfeét extent in the Maricopa
County study. ‘First,:one result of thezhigh intensity agriculture
is that almost all land suitable‘for production is dtilfzed;_ Hence,
many small and irreghlarly shaped fields containing crops of high
'casH value are present. Such field patterns wi]i make all phases of
- the agricuitu}al survey, from-ground-data collection to the final
photo interpretation acreage estimate, more difficult than was the
case in Maricopa County wheré fields were typica]ly large (40 acres
plus) and either rectangular or sqﬁare shaped. And secondly, since
there are many different crop types present, one cahvexpect a‘great
deé]‘qf §verlap of stages of plant .development among the different
crops. - This will preéenﬁ.diffitulties in determining the éptimum‘

- dates- for écquifing the imaééry heeded to conduct a survey of accept-
.able accuracy..

At present, fifty four-sq@are;mile_samp]e plots have been
. randomly locéted throughoup San Joaquin County. Thié represents a
sample of lh%; Field maps of the plots have been made'using ;o]or
aerial photography,‘scale 1:60,000, and each pl&t has been visited
.on thé ground and crop data recorded. - Additionai sﬁal] scale multi-
'dafe'imagery_is neceSSary'SeforeAmoré fie]d.data can profitably be

collected and the development of a crop caléndar'bégun.

21



D. Land Use Studies in the Tahoe Basfn

The Lake Tahoe Basin of California and Nevada has, during the
past several years, become a center of controversy regarding regional
land use deQelopment, and governmentéi'cohtrol of environmental
planning.

Under mandate of the United'States'Congress, the bi-state Tahoe
Regional'PTanning Ageﬁcy was established by an interstate compact to
draw up and administer a plan which would determine the amount and
kind of development which should take place in the basfn, with.the‘
goal of protecting its unique scenic and recreationa1 resources. In
the course of developing this plan, the agency has been dependent on
technical advice from a.number of sﬁbsidiary advisory groups whbse'
responﬁibflity is to provide the agency with environmental data and
.to e§fimate the effects of various management‘or p]anning alternatives
on the environment:' A major proBIem, howéver, hag been the ]ack of
comp}ehensive, objective environmental data which should f;rﬁ the basis
for decisions. lﬁ essence, very little current informatibn is-aVail-
able about the physncal characteristics of the baSIn, and even less
about the phys:cal and chemlcal mechanlsms thCh affect the enV|ron-
mental impact of specifi; types of development.

Thus, it Seemed that remote sénsing, as a means of rapidly and
accurately acquiring obJectlve data pertalnlng to large areas, could
possibly contribute S]gnlflC?nt]Y to a solution of plannlng problems

in the Tahoe area. With this in mind, the FRSL set out to establish
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first, wﬁich ad*jsory‘énd.research groups"oéérafihg~ih the basin
could best use.remote sensing data; secon&ly;'whicﬁ Eypés of fmagery
would be most'appropriate; ana, finally, what féfmats of data or |
mechanisms for. compiling ana distribﬁting data might be most useful.
The initial steps consisted of interviewing various persong
“involved iﬁ ;hg Tahoe Regional Planning ﬁrojéct} 'This.included
u. s. Forest.Seryice peréonﬁél'djrect]y responsible for compiling all
-avaf]able information for the”TRPA; researchers in the Department of
Landscape Architecture, Uni;e%s}ty.bf California; Berkeley, who were
involved in developing a computerized ''data bank'' for the collection .
and ménupulation of Aata; ana scientists at the University of Cali-
" fornia, Davfs, séecializing in iimhdlogy studies in the laké ifself,
and in vegetatién-soil processes which influence pollutants entering
the lake as a resu1t~of‘manipﬁlation of the upstream environment.
‘Based onAthése discussions.it aﬁpeared:that a fruitful starting .
point for'our‘remoté sensing research in ‘the basin would be in
coppération witH.the veget;tion-soi15'group at. the University of
Ca1iqunia, bayis, who were cﬁnduéting intensive .studies in the Ward
‘Creek watershed, an area of approximately 9000 acres tr}butaryrto Lake
Tahoe. In this area, a number of permanent plots had begn'establishéd
by the Univeféity'of California,.Davis,-group, in which the complex
séil—vegetatian interrélatfqnships which affect rungff-quaiity charac-
féristics wére being studied.‘.As-ah_understandihg of these mech-
énism§ is QaTﬁed, and as changes in the wéter quaiiﬁy resuiting from

land development are monitored and analyzed (parts of the watershed
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are scheduled to be altered by roadbuilding and construction of large
ski areas), it is hoped thaf guidelines will be established for the
eventual predictioh of effects of development in other parts of the
basin.

In August 1971, color aerial photographs at a scale of 1:7500
of the Ward Creek watershed were obtained by tEe‘FRSL and a set of
photos'supplied to the University of California, Davis, groub for
evaluation and use in producing detai]ed soil-vegetation maps of the
éréa. It is planned that in the future, as development proceeds,
éddi£ional ﬁhotos will be obtajned_which will aid in eValuafing the
ﬁagnithe and effects of the land use changes. In addition, the FRSL
has requested that the Tahoe Basin be included as one of t%e sites
to be Fégularly overflown by the NASA.U-Z aircraft stationed at the
Ames facility;
. Thus, at the present time we are in the initial stages.of deter-
mining the usefulness of remote sensing data, both large and‘small
séale, in evaluating and monitoriné the impact of land use changes on

Athe environmental quality in the Tahoe area.

~FUTURE RESEARCH ACTIVITIES

During the next year the efforts of the Operational Feasibility
Uﬁit will center around the preparation for an analysis of ERTSFA
data which hopefully will become available in increments, beginning
next spring;

Most of the research dealt with in this report is preliminarf_to

the ERTS investigations in which the FRSL will be involved. While
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the discussions of statistical testing methods and mapping evaluation
techniques in this report havq,been qoncerned prim;riiy‘witﬁ fhe
interpretation of ;bnventional aefial photograph}, the technidues
developed'wilr be applied to the analysis of ERTS imager?.. THe bre-
Timinary stepS-whichlhave been téken to establjsh agricultural-inven;
tory studies in San Jdaquin County.éndlland deyelopment impagf
evaluatfons in thé Lake Tahoe'Basiﬁ.wilI‘conffnﬁe d&ring the‘néxt
six months, and will bg extendéd to an analysis of space fmégery .
 next spring. | |

Perhaps.thelprincipal actiVity of the Operational‘Feésibility
Unit during the next six months, hoWever; will involveAa collaborétiﬁn
wifh'iaﬁd management and pélicy;making agencies in the State of tali-
fdrnia.in an aftempt”to summarize,pbténtial uées of ERTS-type data
within the state, and define prbcedures necessary.fof expedfting-those
uses. |

It has bééome increasingly apparent, as fhe scheduled launch date
forvthe‘Eartthésources Technology Satellite draws near, that while
fhere'are a‘ﬁumber of prospective users of ERTS~-type data among the
sté;e ;nd federal resource management égencies in California, ﬁost
if not all of these agencje5>may not be adequately ﬁrepéred to Utilizg
"this data when it becomes available. We hope to a}leviate‘this problem
by surveying progpective data users as to their requiremenfs, advising
tﬁgm as to the technical aspects‘of‘the ERTS system and.necessary
déta interpretation, compiling lists of cémmoﬁ data acquisition needs
among agenciés,‘and helping'to establish a c00fdinated'efforf wi;hin
the state in regafd to cobperative_é;quisition, distribution.and

analysis of ERTS data.
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Chapter 3

SPECTRAL CHARACTERISTICS

Edwin H. Roberts
Michael Gialdini

'INTéODUCTION

The primary effort of the Spectral CHaraﬁteriétics'Unit duriﬁg
this period has been to further develop the capability to gather and
analyze spectral data from naturai surfaces which will be meanfngful
in remote sensing applications. Most.of the development has utilized
off-the-shelf components. These components have been modified and
interfaced to form a field-portable, reliable, rugged, well célibrated
and versatile data gathéring system. The system can be used to
measure irradiance as’a function of wavelength for the enérgy that
is reflected.from and incident upon natural features in fheir undis-
turbgd environment. The spectral rénge of the equipment is 350 to
1200 nanometers. The philosophy gﬁiding this devglopment has been.
predicated onn the need for a low-cost research tool, which is versatile,
aménablé'tp modification, and useful for defermining the‘spectral
charactefistics of natural surfaces and.features which must be examined
in their naturél undisturbed environment, and which may be reﬁotely
located and difficult of aécess.

In this report a descriptidn of the hardware and software as
presently deQeloped is presented. This is followed by reports on

three field projects that the Unit has engaged in during this period,
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Finally, a discussion of the future_research;and-deVelopment.agtivities
planned by thé Unit is presented.

Acknowledgement is given td David Spies for his effort in the con-
duct of the field work and data reductidn, and to Randall Rochte for the

development of the. software.

CURRENT RESEARCH ACTIVITJES

‘A. Hardware for Reflected Spectral Irradiance Measurements

1. Spectforadiometeré

Two 5pectroraaiometers (EfG.SG. mode | 580/585,_Figufe’3.1) are
usea to cover the spectral range 350-1200 nanometers and'acqujre data
about spectral radiation Eef{ected fromathé featﬁre of interest.

They are fdentical e*cept for the aefecfors and monochromator gratings
which must be'different fn oraer to cover the requirea wavelength
ranges.' One'spectroradiomefer is effective in the speétral range
 350-800 nm; the other in the rangeb760-1260 nﬁ; The 5péctror§dioﬁeters
are modular units consisting of (1) béam input op;ics, (25 monéchrdmator
housing, (3) detector unit énd>(4) the iﬁdicafor unit. Thé firgt three
units physically mount togetﬁer into one optical unit.by means of
twist-lock béyonet attachments. The indicatqr unit is connected by
electrical éable. |

The beam inpUt'opffcs along withia cone and filter héider féstrict

-the field of view to 14, di ffuse the light and direcf it torthé entrance

28



Figure 3-1. Field portable spectroradiometers and data readout and
recording equipment used to acquire in-situ data about spectral
radiation reflected -from features of interest.
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slits of the monochromator housing. Changeable optical filters
reject the short wavelength harmonics which would be generated by
the grating monochromator.

The monochromator housing utilizes a plane diffraction grating
to angularly disperse the light according to wavelength. The grating
can be rotated and in conjunction with the necessary mirrors and
lenses directs the selected wavelength bundle to the exit slit. The
bandwidth about the central wavelength is from 5 to 20 nm in the
visible range and from 10 to 40 nm in the near infrared range depending
on the width of the entrance and exit slits.

Light leaving the exit slit falls on a photodiode in the detector
head. Current through the photodiode circuit varies with the amount
of light incident on the detector.

The indicator unit provides a bias voltage across the photodiode
and measures the current flow. Operation can be from external line
volfage or from a self-contained battery power supply. The unit
houses the necessary electronics for operating in various modes,
selecting sensitivity ranges and other control functions. The indi-
cator unit also has a 0-10 mv signal output available for connection to

an external recorder.

2. Data Recording

The data recording unit houses a digital voltmeter, incremental
digital tape recorder/reproducer, control switches, and necessary
electronics and power supply for interfacing the units and formatting

the data. The external recording output of the indicator unit is
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connected to the digital voltmeter which provides a visual display

of the output and also functions as an A/D converter with BCD output.
The binary data output of this device is recorded on the tape unit

by depressing a data entry thumbswitch. At the same time, a number
indicating the position of the spectroradiometer sensitivity range
switch is recorded. At the beginning of each set of data a number
selected from eight thumbwheel switches and representing the data set
identification number, the number of data entries, and the wavelength
interval is entered on the tape by means of a code entry switch. This

number identifies the data set for all subsequent operations.

3. Power Supply

Power for the operation of the equipment in the field is provided
from an automotive type 12 volt battery. The digital voltmeter and
the incremental tape recorder require a nominal 115 volt, 60 Hz power
supply. Both units are non-critical about the voltage and frequency
requirements and are adequately supplied by the output from an inexpensive

current inverter powered by the 12 volt battery.

B. Hardware for Incident Spectral Irradiance Measurement

1. Spectroradiometer

The spectroradiometer used to measure incident light (Figure 3-2)
operates through the spectral range 380-1300 nm. Sunlight and skylight
are incident upon a horizontal cosine response diffuser screen. Light
from the diffuser screen passes through a mechanical chopper, an

optical entrance slit, and then a wedge interference filter monochro-
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Figure 3-2. Field portable spectroradiometer and signal recording
equipment used for measuring incident sunlight and skylight in the
spectral range 380-1300 nm.
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mator. The wedge interference filter can be moved past the entrance
slit by a drive motor thereby producing a continuous spectral scan.
The monochromator transmits a bandwidth of 15 nm in the visible part
of the spectrum and 30 nm in the near infrared part of the spectrum
which is incident upon a photodiode detector. The signal output is
read on the unit's indicating meter or is taken from the external
signal output. Approximately a 0-10 mv signal is available. The
center wavelength being sensed at any time can be read from the
monochromator dial for direct readings or as a function of time
measured from an electrical timing spike if recording the signal

externally.

2. Data Recording

In the FRSL system, the analog output of the spectroradiometer
is input to an FM recording adapter which converts it to a frequency
output. The frequency output varies through a range of 500-3000 Hz
and is recorded on an audio tape recorder with a servo-control led-
capstan motor.

When the data is to be retrieved it is input to a frequency
discriminator which converts frequency to voltage. This analog
voltage signal is input to the computer through an analog to digital

converter.

3. Power Supply

Power for the operation of all the field equipment is derived

from a 12 volt battery. Several days of operation can be sustained
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on each qharge. All the components operate directly from the 12 volt
supply except the FM recording adapter which derives 115 volts from
a small inverter in the mechanism controlling the automatic operation

of the spectroradiometer.

C. Software

Programs have been developed to read the digital field data tapes
of reflected energy, correct for detector sensitivity at each wave-
length and output the data in absolute radiometric units of irradiance
at the detector, i.e., Watts/cmz/nm, in tabular form on a CRT or
teletype or rewrite it on an addressable tape for future access.

Each addressable tape contains a directory which lists the tape address
of each set of data identified by its sequential code number.

Routines have also been written to take the analog data from the
radiometer measuring incident light and reformat it, correct for
detector spectral sensitivity, and output the data in tabular form.

These programs as written have considerable flexibility and parts

of them will be used for other data handling functions as well.

D. Field Projects

1. Harvey Valley Range Study

More than one hundred measurements of the spectral reflectance
from plant species.and from the soil background were obtained at the
NASA Harvey Valley Test Site in support of a range study utilizing

large scale photography. Each of the plants for which measurements
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were made was located on previous large-scale photographs and plot
maps and identified by an alphanumeric descriptor. Three sets of
measurements were made at each instrument set-up in order to be able
to detect any data variability due to instrumentation. Data were
acquired on both the day before and the day of the photographic
flight, July 27, 1971.

This was the first fully operational use of the data recording
system in the field. The only problem noted in the field was that
the indicator lights on the control panel of the recorder-controller
unit were not bright enough to be seen in full sunlight. This problem
has since been remedied by driving the lights with a higher voltage.

The four plant species examined here are important compohents of
the natural range in the Harvey Valley area and are identified by
range managers to assess range condition and range management prac-

tices. Bitterbrush, Purshia tridentata, is a very palatable browse

plant and comprises about 20% of the diet for livestock. Sagebrush,

Artemesia tridentata, is important primarily for the space it occupies

to the detriment of more palatable species. The presence of Eriogonum

is often used as an indicator of good management. Carex exserta is a

short sedge readily taken by livestock and is one of the earliest
developing forage species in the valley. Its presence enhances
the early season carrying capacity of the range.

The spectral data obtained from these species will be used to help
identify them with the FRSL optical scanner using color separations made
from Infrared Ektachrome photography. 1In addition, the data may be

used to develop film-filter specifications for future multiband
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photography of this range type.

An example of the data for each of the species, for bare soil and

for light reflected from a white panel is presented in Figure 3-3.
The tabular data presented in these figures have not been corrected
to standard illumination conditions. They are shown as an example
of teletype output from the computer processing of the binary data
tapes. In Figure 3-4 an example of the first set of data from
Figure 3-3 is also shown as a copy of the output as displayed on the
CRT. A1l of the more than 100 sets of data will be standardized for
further analysis later this winter when the optical scanning for

color separation is done.

The importance of adjusting the data to standard illumination
conditions can be seen from the example shown in Figure 3-5. The two
plots of energy reflected from bitterbrush are from the same plant,
but differ in time of acquisition by one hour. That one hour time
difference causes as much change in irradiance as does the difference
between plant species for the same time. If that data are adjusted for
the difference in illumination conditions, the two curves for bitter-
brush will become nearly coincident, as seen in Figure 3-6.

This graph also reveals that sagebrush and bitterbrush should be
relatively easy to discriminate from one another--at least at this time
of year. Sagebrush‘has higher reflectivity throughout the visible
part of the spectrum and lower reflectivity throughout the photo-

graphic infrared part of the spectrum.
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Harvey Valley Test Site 7/27/71 (data not standardized)

212500@8 Eriogonum Time: 1352

NM WATTS/CM®2/NM NM WATTS/CMt2/NM
2375 +.534115QE-@% 2700 +.5123076E-07
D420 +.9169Q54E-07 @750 +.6401914E-06
@425 +.1693492E~-04 P8BAD +.6792855E-06
PAS@ +.2050898E-GA6 B8S@ +.6355684E~-@6
B475 +.2891247E-06 @900 +.550989BE-06
NSO +.36Q988QE-06 P950 +.5049643E-06
AS25 +.4456P25E-06 1000 +.3782944E-06
AS550@ +.6436967E-26 1050 +.5722219E-36
PS50 +.6558221E-04 1100 +.8159697E~-¢6
0575 +.7955312E-06 1150 +.1274073E=-25
A6N0 +.8645361FE-06 1200 +.2460249E-7A5

1625 +.9369373E-06
@650 ++1111940E-0S
7675 +.1280931E-05
B70@ +.1554815E=-75
f707 +.8013588FK=06
P725 +.230A6929E-05
N750% +.3595112E-05

21220000 Caryx Time: ]6]5

NM WATTS/CMt2/NM NM WATTS/CMt2/NM
@375 +.5671636E-07 07020 +.68000G1E-06
AARP +.1146131E-06 D750 +.5425B34E-06
P425 +.1563355E-06 O8O0 +.4628569E-06
P4SO +.2170659E=-06 @850 +.3895041E-06
PA?S +.2466843E-06 0900 -+.3183166E~-06
0507 +.2697911E=06 0950 +.2241134E-06
AS25S +.3179153E-06 1000 +.2842375F-06
M5S0 +.3633516E-06 1050 +.3194442E-06
#5500 +.3613013E-06 1100 +.4316902E-06
AS7S +. 3798884E=-06 1150 +.8296293E-06
PEOM +. 3896499F =6 1200 +.2301253E-05

0625 +.4162160FE-06
0650 +.4149251F-06
@675 +.4381363E-06
0708 +.4750828E-06
0700 +. 48896 44F-06
0725 +.5346533E-06
B7%@ +.S5584642E-06

Figure 3-3. Spectral energy reflected from range plants at the NASA
Harvey Valley Test Site.
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Harvey Valley Test Site 7/27/71 (data not standardized)

9e87@68@® Sagebrush Time: 1040

NM WATTS/CMt2/NM NM WATTS/CMt2/NM
@375 +.6865668E-07 P700 +.6369233F-06
D400 +.1348614E-06 ATS5A +.6239231E~-06
0425 +.1827Q54E-06 @822 +.5614221E~-06
P450 +.2500002E-06 850 +.4618Q73F~-06
PATS +.278S5145E=-06 A9NA +.375T7424E-06 -
AS20 +.3014566E-076 P950@ +.2434986E-@6
P525 +.3674266E-06 12020 +.2868215E-06
AS5@ +.4056382E-06 1252 +.30QR6942E~-Q26
P55 +.4092465E-06 1100 +.3431€¢64E-06
@575 +.3731845E-06 1150 +.5155554FE~-026
RBEAR +.3796041E-06 1200 +.1330542E~-05

@625 +.3657656E-06
P6SP +.3343281E-06
@675 +.3158659E-06
@700 +.4219267E-06
@720 +.4210526FE-06
@725 +.7227724E-P6
A750 +.8342063E-06

2P92@00@ Bitterbrush Time: 1110

NM  WATTS/CMt2/NM NM  WATTS/CMt2/NM
@375 +.5330487E-A7 @720 +.6507683E-06
A400 +.1023877E-06 B750 +.7444977E-06
P425 +.1321917E-06 OB00 +.7028573E-06
P450 +.1812874E-06 PBS? +.5854225E-06
475 +.1777188F-06 0900 +.4797027E-06
ASAD +.19886N1FE-06 A95S0 +.3167846F-06.
0525 +.2801302E-06 1000 +43731264E-06
PASS5@ +.3210650E-06. 1050 +.3909720E-06
@550 +.3202054E-06 11#0 +.45913B6E-06
AS75 +.272625%F-06 1150 +.6903702E-06
8600 +.2712327E-06 ~ 1200 +.1799162E-05

P625 +.2572070E-06
P650 +.2268654F-06
M6T7S +.2081512E=-06
0700 +.3488371E-06
G700 +.3565366E-06
9725 +.8287131E-06
P750 +.10M5235F=-05

Figure 3-3 (cont.). Spectral energy reflected from range plants at
the NASA Harvey Valley Test Site.
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Harvey Valley Test Site 7/27/71 (data not standardized)

AA99ANAB™  Bare Soil Time: 1310

NM  WATTS/CMt2/NM NM  WATTS/CMt2/NM
@375 +.1083155F-06 P700 +.9769219E-06
P400 +.2032473E-26 A750 +.7693779E-06
(M425 +.2671232E-06 8OO +.6535714E-06
@450 +.3772456E-06 P850 +.5393583E-06
@475 +.4244032E-06 @902 +.4376235E-26
@S0@ +.46B6512E-06 2950 +.30135459E-06
@525 +.5550487E=-06 10072 +.3633073E-26
ASSP +.65370934F-06 1050 +.3847221E=016
255@ +.64523972E-06 1100 +.4815967E-@6
ASTS +.T441347E-06 1150 +.8266663F -6
P6OA +.8188736E-N6 1200 +.2225938E-A5

@625 +.8828B837E-M6
065@ +.8955228F-06
PETS +e9490537E-D6
@72C¢ +.970C989E~A6
@700 +.9915107FE-06
AT25 +e6999999EFE=-R6
P750 +.117P296TE-05

@102e@@2 White panel Time: 1333

NM  WATTS/CMt2/NM NM  WATTS/CMt 2/0NM
P37S +.4925373E-06 B700 +.2861539E-05
AN +.2502387F-05 B750 +.2248803E-05
P425 +.3784245E-0S 08AMA +.1928570E-05
MASA +e¢ 4A5569AF=-05 ABSA +e1574344E-05
A475 ++4761273E-05 N970 +.1252475F=05
0S00 +.4673846E-0S P95 +.T7423168E-06
AS25 ++446905S53E-0S 1000 +.9354007F-76
ASS5A +e4714174E-05 1050 +.88888B94E-06
PS5@ +.4691779E=-0S 1190 +.8733624E-06
OS57S +.4531006E-085 1150 +.1066666E-05
PEAD +e 447 48384E-0S 1200 +.2677822E-0S

D625 +e 4364864F-0S
N650 +.4261191E-05
METS +. 42940A32E-05
B700 +.4019933F=-05
A700 +. 4108660E=-05
M725 +.23931680E-05
B750 +.3630017F=-05

Figure 3-3 (cont.). Spectral energy reflected from range plants
at the NASA Harvey Valley Test Site.

39




2115 1s2) Aaj|en AaAdeH YSYN 3yl 1e ysnuaqgabes wouy ejep Abuasua
les3oads pa3da|ad paptodas-p(aly jo 3ndino 1Y) jo a|dwex3 ‘H-¢ aunbid

..
B-31¢ 16818+ BASLO
93-3Ivyb6EQQ9 '+ SZ2/.0
9 -3E69SHEy "+ 0O LD
S@-38L1v82% '+ 2B (O
Ag-3CLE€862E "+ SL90
88 -339SE6H#SE '+ BSS0
9P -322L258¢ '+ G280

CA-3ISHIES8 T+ BR2Z ! 89-3916¥20% '+ PRS6

9 -3E2¥ 1BE9 + BSI1T 9A-3/.22868€ '+ SLSO

99 -3/6b629/€ + BB 11 9A-3698122% '+ 9SS9

AP -3,.€09087 "+ 8SA | 99 -30€6 TEY + 09SO

92-3v 0B PSZ + 0PG 1 99 -3.¥66S8E "+ S2S0

-3 1LI¥E 12+ BSKY 93 -3£59Sc0¢ "+ PP SO

99 -359GSRZ2¢ '+ 0060 88-31211882 "+ SLvD

A0 -3 ¥8S26E "+ 4S80 99 -368308%2 "+ 0Sv0

8P -3556298y + PO GO 99 -3W@EET118T '+ G2v0

ag-3££€£989S '+ Q9.0 SY-39L2L%E1 '+ DO¥0

G -3A286»£09 "+ HP LA [B-3LERS866 "+ SLED

INN/SMIND/ZSLAVM WN WN/ZVIND/SLLVYM  WN

0Ol :dwij _ ysniqsbes PPPG L 8OO
(pezipiepuels jou eiep) |[/[zZ/[ @11S 1S3)] Aa||ep AsAuej

Lo




*Aep jo sawj] om) 9yl 3e Abasua juspdul u| sadUBIBYYIP

ayy Joy Bulisnfpe Aq pauleb aq o031 juswaroidw} syl smoys (9-¢) @4nbijy Buimo||oy syl
*sa12ads jue|d jusuajiip wodj aq o) seadde jeyy ABusus pa3od|jadt U0 SIAUND Ul s3|nsad
sowll oMl 9yl 3e jue|d @yl uo juspioul Abusua u| 2duaav4iip Y3 fjue|d swes ayl wodl}

aJe ysnaqJa3liq J04 ejep jo s3as oMl 9yl “‘siue|d om) wouy ABusua payda|jay G-¢ 2unb14

(s4333woueu) H1INITIAVM

0001 006 008 00/ 009 00§ 00%

01

0z

o
o~

o
-~

(mu/zwa/e_ol X S3}3}eM adue|peudy)

P 4

o
wn

o
O

0L

08
TCOT SWT3 e+ e HONUGUALLIE

06
M2ST SWE}— — —— HSNUHUALLIE
L2ST suty HSNYLEHIOVS 001

TL/L2/L KITIVA XAAUVH

31237143y

-7




‘ysnaqabes 03 paJdedwos pasesjul Jeau a3yl jnoybnodyl A31A13d3|}ad JoMO|
pue wnua3oads ayy jo 3jaed a|qisiA ayy Inoybnoayy A3jAaj3oajjads 4aybiy sey ysnaqaallig °poaijeld

-uaJajjip A|1sea aie ysniqabes pue ysniaqiaillig

*3uspidulod A|Jeau awod23q Ysnaquaalllq Joj SIAIND

oM} a3yl Aep jo awj) 03 anp s|9Ad| ABJsus juspidoul u] saduaa34}ip Joj paisnfipe usaym °g-¢ ainbj4

(s4233woueu) HIINITIAVM

0001 006 008 00. 009 009 00
oc‘
..o.u..\
- P
m
"y ¢ R4 B
&\\_( \r Inlll.. -.V o
\o\\ f\ H 3. | o u
oo\ol' flﬁ \ 1"\ (1]9 o
0\ = \ -

T Aﬁ.. L‘ /‘/ ”
- ot 3
! 2
ﬂln-.f T 0S W
/.A./ ] 8
< d -3
a& OO -+
| 4 .
x
0L —
0-
/g
4 O 0
¥ZS1 01 peaisnipe i
‘1z91 swi3 HSNYEY3LLIg w

#7§1 Qw13 HsnuayaLize |6

LzS1 Bw13 Hsnya3ovs | o

1L/Lz/L A3TIVA AINYVH

42



The graph shown in Figure 3-7 is a strip-chart of the raw output
from the radiometer measuring incident energy. The two curves were
made one hour apart and approximately coincide with the times at
which the data shown in Figure-3-5 was obtained. The difference

in incoming radiation is readily apparent.

2. Davis Test Site

A series of spectral readings were taken on five dates over a
four month period of a small target array containing four crops being
grown on the Davis campus of the University of California. This
experiment was done in cooperation with Bob Haas, a Professor on
sabbatical leave from Texas A & M, who was interested in spectral
signatures as a function of biomass. The reflected radiation as well
as incident radiation were read utilizing the FRSL spectroradiometer
system. The intent was to follow the changes in the spectral signa-
tures of these crops as they developed to maturity and then became
over-mature. Previously, it had been difficult to compare reflectance
readings for different dates because changes in illumination conditions
caused differences in the readings unrelated to changes in plant
conditions. Monitoring incident radiation at the same time the
reflected radiation is being read enables an adjustment to be applied
to the reflectance readings to facilitate a comparison with other
adjusted data. This procedure of adjusting all data to some standard
illumination condition results in more meaningful comparisons between

the spectral signatures taken at different times during the season.
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Portions of each of the four crops present in the array (alfalfa,
sudan grass, ryegrass, and buffel grass) were subjected to different
cutting regimes during their growing period. One-third of each of
the crops was left untouched while one-third of each was cut to the
ground once, early in the season, and allowed to grow back. The
remaining third was cut to the ground twice, once early in the
season and once again at mid-season, and allowed to grow back each
time. This made it possible to obtain simultaneous looks at various
stages of plant development as well as to see if differences in
reflectance might occur between first growth mature plants and second
growth and/or third growth mature plants.

The crops were irrigated as required during growth but received
water for the last time approximately one month before the final set
of readings were taken. This was done in an attempt to speed up the
rate of decline in plant vigor after maturity had been reached.

Preliminary investigations indicate that there are changes in
reflectance of the crops between dates. Standardized average
irradiance values for each crop were graphed as a function of wave-
length and provide a rapid means of comparison between crops. The
general shapes of the curves were changed little, but there was a
significant change in magnitude at various wavelengths. Figure 3-8
shows a standardized curve of reflected irradiance from uncut buffel
grass on July 22, 1971, and a curve for the same crop on August 5,
1971. The differences seen between these two curves exemplify
the changes observed between the two dates for all the crops: an

increase in irradiance at 550 nm and a decrease in irradiance at 800 nm.
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However, these data should be regarded as only tentative
because problems have been discovered with the chart recorder on the
spectroradiometer which monitors incident sunlight and skylight.

The drive on the recorder may be causing réndom shifts in wavelength
positioning along the x axis of the chart. The procedure used to
read the charts assumes the relative positioning of wavelength to be
cors tant; therefore, some significant errors in standardization may
be occurring. Further investigations are planned to determine if the
irradiance values recorded on audio tape exhibit this same problem.
It is assumed that the tape runs at a constant speed, and that the
problem will not occur on the taped data. Until the source of the
problem is located and corrected, the data collgcted from the system
must only be considered as tentative.

Future plans include looking once again at these data, for
differences in spectral signatures between dates, after the hardware
problems have been corrected. It is also planned to examine the data
regarding the different stages of re-growth of the cut portions of
the crops to see how well they follow patterns of development found in
the uncut crops and how well they can be compared with similar stages

of growth in the uncut crops.

3. Helicopter Platform for Spectral Measurements

a. Research Completed

A project was initiated to assess the feasibility of using

the FRSL spectroradiometer equipment from a helicopter in order to be
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able to integrate reflected radiation from larger ground areas than
is possible from ground platforms. When this instrument is operated
from an altitude of 1000 feet it integrates spectral returns for an
area on the ground that is 250 feet in diameter and thus approximates
the resolution expected from ERTS-A.

The field work was done in southern Arizona. Agricultural lands
weré examined in the vicinity of Phoenix and wildlands in the area
between Tucson and the Mexican border. The helicopter and flight
crews were furnished by the U. S. Air Force at Luke Air Force Base.
The flights were carried out as part of a pilot standardization
program. Arrangements for use of the helicopter had been made by
Barry Schrumpf of the Range Management Department at Oregon State
University, who was doing reconnaissance of inaccessible range plots.

The spectral work had several objectives: (1) to determine if
the equipment could indeed be mounted in a helicopter and still
retain the reliability it had shown in ground operation; (2) to
determine the effect of increasing the ground area integrated by the

spectroradiometer both for areas which are relatively homogeneous on

a small scale (i.e., a field of alfalfa) and areas which are homogeneous

only on a larger scale such as some kinds of natural vegetation classes;

(3) to determine how well ground measurements with the same instruments
agree with the airborne measurements; (4) to determine if airborne

spectroradiometer measurements can be used to help determine optimum
specifications for multiband photography to discriminate between vege-

tation communities; (5) to determine whether the measurements can aid
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in understanding the data returned from satellite sensors; and (6) to
obtain spectral data from areas not easily accessible on the ground.

From the outset it was realized that little progress could be made
on most of these possible objectives on this first flight attempt.
The work would be considered worthwhile if only the feasibility of
mounting and operating the radiometers from the helicopter could be
shown. Cloudy and rainy weather provided poor conditions much of the
time for obtaining the requisite data.

The spectroradiometer equipment (previously described) was used
independent of the helicopter power supply. The aluminum baseplate
to which the spectroradiometers are mounted was bolted to a larger
plywood sheet. The plywood rested on four inches of foam cushioning
and was fastened to the floor with cargo straps. With the spectro-
radiometers mounted horizontally a mirror at 45 degrees to the hori-
zontal was used to direct the view vertically downward. The mirror
was atféched to the baseplate with sliding tubes so it could be
extended from, or retracted into, the helicopter (Figure 3-9). The
recorder complex was strapped to a cushioned passenger seat. The
indicator unit, inverter and battery were placed on the floor. This
proved to be a very efficient arrangement. In fact, the equipment
was more easily operated in the helicopter than in its normal confi-
guration for measurements on the ground.

The equipment operated with only one malfunction which affected
several sets of data on the first day of flight. Unfortunately, that

malfunction occurred during the only opportunity to secure data from
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Figure 3-9. FRSL spectroradiometer system airborne in a helicopter
over southern Arizona. Spectral energy from the ground scene directly
below is reflected from a 45° mirror into the input optics of the
spectroradiometer. For most of the measurements the field of view

of the instruments was approximately a 250 foot diameter circle.
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a given area at more than one altitude. Some data from two altitudes
over that area were not affected and have been analyzed.

Preflight plans called for hovering the helicopter over selected
sites and making spectral measurements at gltitudes of 50, 500, 1500
and 3000 feet above terrain. The object was to measure the spectral
return as a function of the area in order to determine the area
necessary to incorporate the variability of the particular vegetation
type under consideration and to assess the effects of pathlength.

At 50 feet above, terrain approximately a 12.3 foot diameter circle is
integrated by the spectroradiometer; at 500 feet altitude,a 125 foot
circle,and at 1500 feet,a 370 foot circle.

It was found that hovering at altitudes of more than 500 to 1000
feet above the terrain was not feasible under the conditions of
weather and load. Because of time constraints on availability of the
helicopter and the difficulty of hovering at higher altitudes only one
ground target, an alfalfa field, was measured from three altitudes--
50, 500 and 1500 feet. The one instrument malfunction noted previously
resulted in losing the data from 1500 feet altitude over the alfalfa
field, which had been chosen as a control type. Since a crop of mature
alfalfa is homogeneous over the field of view of the radiometers as
used on the ground, there should be no differences in the reflected
radiation received due to the larger areas integrated from successively
higher altitudes.

when the measured irradiance is compared for the 50 foot and 500

foot altitudes at each wavelength by an analysis of variance, it is
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found that there is a general trend toward a higher value at the
higher altitude, but that the difference is not statistically
significant at the 95% level.

There was no opportunity to obtain measurements from more than one
altitude over any of the wildland sites; cloudy weather and rain pré-
vented accurate ground measurements from being obtained at these
wildland sites. Therefore, comparisons of ground and airborne
measurements could not be made, and the effects of increasing the
area integrated could not be determined.

Upon termination of the flights in the Tucson area we returned
to Phoenix to obtain spectral measurement from on the ground for
several very large fields of crops east of the city. The weather in
the area had cleared and a series of measurements were made. These
ground measurements were in anticipation of helicopter flights over
these fields the following day. However, a routine maintenance
inspection of the helicopter revealed major structural damage which
would keep the helicopter on the ground for several weeks, effectively

ending the project.

b. Summary

An operational test was performed in Arizona during August
of this year to determine the feasibility of mounting the FRSL portable
spectroradiometer in a helicopter and obtaining spectral measurements
from large areas to be compared with aerial measurements from smaller

areas and with ground measurements. The equipment functioned
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satisfactorily; however, cloudy and rainy weather conditions together
with a sharing of the available flight time with a reconnaissance
mission prevented acquisition of much of the requisite data. A flight
would be desirable during the winter when Qeather conditions should

be much more favorable for acquiring the necessary data.

FUTURE RESEARCH ACTIVITIES

A. Software

Methods of data analysis and the development of software to
facilitate the data handling will have major emphasis in the near
future. Extensive use will be made of the high speed storage disc
when it becomes fully operational as part of thg ADP Unit equipment.
The ability to use this device to reformat data by its fast retrieval
will greatly increase our ability to perform statistical analysis
of the data. Work will continue on the programs for convenient
display of spectral data in graphical or tabular form. The pro-
gramming for using incident radiation data to standardize the
reflection data is not yet complete and will have priority for com-

pletion in the immediate future.

B. Hardware

Improvement and alteration of existing hardware are continuing
activities. It is presently anticipated that optics will be constructed
to allow measurement of incident light with the spectroradiometers

currently used to measure reflected light only. The ability to measure
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incident and reflected light with the same spectroradiometers and

to change from one mode to the other with a minimum of time and effort
will add to the versatility and by way of redundancy to the reliability
of the system.

A van type truck should be in use by spring. Equipment will be
mounted on a roof platform which will swing to the side for making
measurements. Permanent mounting racks will facilitate carrying
equipment within the van. The outfitting of this truck will allow
more efficient set-up and operating conditions for making measurements
and provide a safer and better packaged environment for transporting
equipment from site to site.

Consideration is presently being given to designing and building
here at the FRSL a spectroradiometer for measuring incident light that
would take advantage of the most recent advances in electronics and
provide a small, lightweight, rugged unit tailored to our data
recording and ADP facilities. At the same time, such a unit could
be built for substantially less than a commercial unit even if one

were available.

C. Research Projects

1. Helicopter Study

Results from the preliminary investigations warrant continuing
the research on making spectral measurements from a helicopter in
Arizona. The mission should be done during the winter season when

there should be little problem with that cloudy weather that prevailed
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during the last mission. Plans would allow for alternate sites and
types of measurements. In addition, the radiometric work would be the

prime function of the flights rather than the secondary function.

2. Determination of Optimum Spectral Bands for Feature Discrimination

A project is being planned to acquire spectral measurements for a
set of features, immediately process the data and recommend optimum
spectral bands to be used for discrimination between these features.
Photographs will then be taken using these spectral bands as well as
other commonly used combinations. The photos will be scanned with
the ADP microdensitometer and analyzed by human photo interpreters
after being combined into a false color projection. The success of
discrimination when using the recommended optimum specifications will

be compared with that obtained when using the common specifications.
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Chapter 4

IMAGE INTERPRETATION AND ENHANCEMENT

Donald T. Lauer
Sharon L. Wall
Steven J. Daus

Andrew S. Benson

INTRODUCTION

The primary objective of the research being performed by the
Image Interpretation and Enhancement Unit is to develop methods for
extracting useful resource information from remote sensing imagery--
using human photo interpreters. We are devoting considerable time and
effort to the development of an understanding of the components of the
image interpretation procéss. Consequently, evaluations are continu-
ally being made of the factors which relate directly to the perception
and interpretation of imagery. These include: (1) sensitivity char-
acteristics of the film-filter combination or other detector (2)expo-
sure and processing (3) season of year (4) time of day (5) atmospheric
effects (6) image scale (7) resolution characteristics of the imag-
ing system (8) image motion (9) stereoscopic parallax (10) visual and
mental acuity of the interpreter (11) interpretation equipment and
techniques, and (12) training aids. Obviously, certain combinations
of these factors would better allow an interpreter to perform an in=
terpretation task than would other combinations.

More specifically, our research objectives this last year have
been to determine the optimum combination of factors needed to solve,

with the aid of remote sensing, specific resource inventory and/or
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moni toring problems. To reach these objectives, certain Interpretation
techniques have been studied which, when properly applied, can improve
the quality and quantity of useful information extracted from imagery.
Among the techniques being refined are methods for using: (1) methodical
procedures, (2) efficient search techniques, (3) knowledge of factors
governing image formation, (4) the background and training of the inter-
preter, (5) the concept of ''convergence of evidence', (6) the ''conference
system'', (7) information available in analogous areas, (8) reference
materials, (9) simple and sophisticated equipment, and (10) field data.
The material in thfs chapter presents our most recent results in tech-

nique development which apply to agricultural and wildland environ-

mental problems,

CURRENT RESEARCH ACTIVITIES

A. Agricul tural Inventory and Monitoring Problems

1. Development of Crop Inventory and Monitoring Problems

As reported in our 1970 Annual Progress Report (FRSL, 1970) a
semi-operational inventory of barley and wheat acreage in Maricopa
County, Arizona was performed. NASA high-altitude photographs from
Missions 129 (May 21, 1970) and (3] (June 16, 1970) were used. The

study involved photo interpreter testing and training, ground data

collection for all 32 field plots (each four square miles in size) on

a field-by-field basis, and statistical adjustment and evaluation of

interpreter estimates. Sampling errors (barley = 11%; wheat = 13%;

barley and wheat = 8%; and all cropland = 3%) were judged to be

of



acceptable for a county-wide survey, and only 120 total hours were
required for training and photo interpretation for an area containing
500,000 acres of cropland.

Field data were collected in each of the 32 field plots (79,000
acres) on a field-by-field basis at the time of NASA aircraft Missions
139 (July 1970), 145 (October 1970), 145 (reflown November 1970), 155
(January 1971) and 158 (March 1971). The data collected by the ground
teams during these NASA missions have been tabulated, punched on cards
and entered into a computer for quick storage and retrieval (see Figure
L-1). Thus, during the past two years we have been in the process of
developing a detailed ''crop calendar'' for all major crops within
Maricopa County (Figure 4-2)., This calendar is an important element
in developing crop survey techniques since it gives an indication of
the best times to obtain imagery for monitoring the important key states
in crop development. Such a ''sequential'' technique relies on two facts:
(1) different crops are in various stages of development or production
at different times of the year; and (2) certain of these various stages
can be detected and identified on high=altitude imagery. By studying
_ground data, crop calendar data and sequential imagery, dates of imagery
can be selected which will allow us to perform regional surveys for all
crops in the county,

It was anticipated that a March flight, in conjunction with those
made in June and October, would give the optimum set of sequential
imagery. For example, in March, cotton and sorghum are planted so that
these fields still register as bare soil, but the small grains are

about 1 foot high and have 100% ground cover. In June, however, the
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CROP ACRES FIELDS ACRES /
. FIELC

BARLEY 2318,00 25 92.12
CORN 17.00 1 17.00
SORGHUM 67.00 1 61,00
DATS 27.00 1 27.00
WHEAT 493.00 11 44,82
GRASS (E<Ges RYEGRAS 2098.50 39 53.81
SUDAN GRASS 10.00 1 10.00
ALFALFA 12387.50 236 52449
SUGAR BEETS 1237.00 27 45.81
SAFFLOWER 1662.00 48 34,62
LETTUCE 1341.00 32 41.91
PARSLEY e 1 4.00
CABBAGE 180.00 7 25.71
CARROTS 90.00 3 30.00
ONIONS 40,00 1 40.00
GRAPES 151.50 2 15.15
CITRUS, UNIDENTIFIED 12417.90 63 19.81
GRAPEFRUTT 1101.00 55 20.02
LENONS 140.00 5 28.00
ORANGES 1665420 19 21.08
PASTURE £31.90 a0 13.30
BARE SOIL 60,00 2 30.00
FALLOW (WEEDS) 1150.20 63 27.78
BARE SOIL, CRUSTED 655800 162 40.48
BARE SOIL, HARVESTED 586.00 19 30.84
BARE SOIL,DIKED,LIST 16088.70 332 48.46
URBAN ' 5608450 97 57.82
FARMHOUSES AND ASSOC 1470.90 337 a.36

Figure 4-1. Among the various formats in which ground data can be retrieved from
computer storage is one which gives total acreages, number of fields, and average
field size for all crops. Ground data (32 four mié cells) collected in March,
1971, are shown here.
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small grains have matured and dried or have been harvested, while cotton
and sorghum are still vigorously growing and hence appear green.

Unfortunately, the strategically and importantly timed June over=-
flight was cancelled due to the Corn Blight Watch Experiment. It was
hoped that, with a sequential set of imagery for the two years for
which we have ground data, a measure of theyear-~to-year variability in
crop practices and crop development could be obtained. In spite of
this unexpected setback regarding June imagery, we continued to develop
sequential techniques using mainly the 1970 set of imagery.

For example, several preliminary interpretation tests were per-
formed to determine the accuracy with which eight different crop types
could be identified, field-by-field, as seen on multiband-mul tidate
images. The absolute results of these tests were not of prime import-
ance, however, since rarely would anyone wish to attempt to survey all
crop types concurrently. Instead, the tests were performed to (1)
further confirm the validity of employing sequential imagery for crop
inventories, and (2) compare the results of various interpreters having
different degrees of training and experience. In this case, more than
30 interpreters analyzed two types of imagery taken on five different
1970 dates--Aerial Ektachrome taken in January, March, May, June and
October and Ektachrome IR taken in May, June and October (Ektachrome IR
imagery was not obtained in January and March). The interpreters, with
varying degrees of experience and training, attempted to identify 104
fields within eight square miles of agricultural land. They were

trained for this task by studying an adjacent and analogous eight square
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mile area wherein ground data were provided. |In addition, they were
asked to develop useful training aids such as a brief crop calendar
depicting image characteristics for each crop and an interpretation key
describing these characteristics.

Table 4-1 illustrates a portion of these test results obtained in
these most recent tests by three interpreters. Interpreter #1 had
little image analysis experience, had never been exposed to crop
inventory techniques and was trained for this test in approximately two
hours. Interpreter #2 was equal to #1 in terms of experience and
developed skill, but was intensively trained for the test over a two
day period. Interpreter #3, however, was highly skilled at performing
crop inventories and had participated in the cereal grain inventory
performed last summer. These data indicate (1) a skilled, trained and
motivated interpreter can effectively identify crops in a small, local-
ized area--even when the interpretation task is rigorous and complex
(i.e., six crop types, seen on two film-filter combinations acquired
on five dates), (2) a totally unskilled interpreter, when faced with
what appears to be an impossible task, was able to apply a systematic
~interpretation procedure and could, on the average, correctly identify
more than half the crops (purely guessing each crops identity would
have resulted in an average percent correct for all crops of approxi-
mately 16%), and (3) given intensive training, an unskilled inter-
preter can outperform his counterpart who is given only a minimum
amount of training.

Furthermore, these tests showed that discriminating between cereal

grains, wheat from barley and vice versa, is extremely difficult,
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alfalfa and citrus trees can be confused unless the trees are mature,

and sorghum is difficult to identify since its image characteristics
often resemble those of cotton.

With the aid of these encouraging regults, our objective now is to
determine the optimum date(s) and film=filter combination(s) needed for
performing a semi-operational survey of the 1970 cotton crop for all of
Maricopa County. Tests are being performed, employing skilled and
trained interpreters, for which the results can be statistically analyzed

and definitive conclusions can be made.

2, Development of Crop Inventory Techniques in California

We have recognized from the outset that crop inventory techniques
using ultra=high altitude, multiband-multidate'imagery may be applicable
in the semi-arid environments of Arizona, but may not be easily applied
to other agricultural regions of the world. 1In Arizona the large field
sizes, generally clear atmosphere and regulated irrigation procedures
simplify the task of making inventories. Thus, we have directed our
efforts to another highly productive and diverse agriculture region in
the United States~~California. |

San Joaquin County, in the heart of the Great Central Valley of
California, has been selected as a likely agricultural management unit
which would merit study. A section in Chapter 2 of this report docu-
ments a justification for selecting this site, and also indicates the
initial ground data collection procedures which already have been im-
plemented. Now that U-2 aircraft, operating out of NASA's Ames Research

Center, will provide high-altitude imagery of this site on a repetitive
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cycle, occurring once every eighteen days, we can begin to test the
applicability of the interpretation techniques developed in Arizona.

However, in anticipation of the U-2 flights and the earth orbital
missions (i.e., ERTS-A and SKYLAB), several specific experiments were
carried out in California designed to determine the usefulness of multi-
band (and multidate) imagery for making crop inventories. Specifically,
these experiments were performed at the Imperial Valley test site in
southern California and at the Davis test site near Sacramento, Calif-
ornia (Lauer, et al, 1970).

Cropping in the Imperial Valley, adjacent to the Mexican border
in southern California, is mainly on reclaimed desert land, where the
combination of deep ric h soils, an abundance of solar energy and avail-
able irrigation water has led to a level of agricultural productivity
equaled in only a few parts of the world. The research objective in
this area was to determine the usefulness of different kinds of multi-
band photography (flown by the Science and Engineering Group, Long
Island University in July, 1969) for identifying four important
Imperial Valley cropland categories: alfalfa, sorghum, cotton and
bare soil.

Five sets of images were selected for testing--one set of single
band photos (IR-301+25%) and four sets of multiband photos (Aerial
Ektachrome, Ekta Aero Infrared Enhancement A and Enhancement B).

Enhancement A, a close simulation of Ekta Aero Infrared photography,

* Descriptions of film-filter combinations have been abbreviated. In
this case IR-301+25 would mean Kodak Aerographic Infrared film (Type
2424) with a 301 infrared cut-off filter and Wratten 25 absorption filter.
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was made by optically combining IR-301+58, IR-301+25, and IR-898B

images by projecting them through blue, green and red filters, respec-
tively. Enhancement B was made in a similar fashion but with the

green and red filters reversed. The test results for three interpreters
using IR-301425 are shown in Figure 4-3.

Each set of imagery was examined by three interpreters with no
interpreter viewing more than one set. A set of images consisted of
nine separate photos, in print form mosaiced together, containing a
total of 157 agricultural fields. Several fields were randomly
selected within each crop category and were used as training samples
by the photo interpreters.

The photo interpretation results were summarizxed and statistically
analyzed (see Table 4-2). The ANOVA indicated that interpretation
results from various image types were statistically different in only
two cases, ""all cropland, percent correct', and ''cotton, percent com-
mission error''. However, what was most evident in these results was
that the accuracy of identification for all crop categories, whether
combined or taken singularly, was relatively low (<80 percent), regard-
less of the type of test imagery used. One can conclude from the data
presented here that an accurate classification of Imperial Valley
crops is not easily accomplished on photography procured on a single
day, in July (or perhaps in any other month). If, however, the task
were one of working with only July photos, multiband rather than
single-band (IR-301+25) photographs would be more useful for this pur-
pose. |In addition, black-and-white multiband photos properly procured

and displayed as a color composite image, rendered as much information

66



gouy3 IREE]
| e o o] si[9HRA| - Ll |4 [9 |4 |€2] 'siwo ] £ ]9[S [€2] “siwo
_ RELE]
L |enfen J1 |1 |5 |S8|, 2 L len log]z |2 mmmwm 7]8 " |sa| =z
o1 | s1 s Jo |7 |0 M@ iz [t st [21]o o= otfvt [t o It 8 |2 |@%
e \ Ex F2
9 |ol wlo|s|Gm £ (9t €ELJE | S [Am SL{z |1 | € L JLL| S |=m
MGG E R " ACEERER B3 C1E- lfsn|s [€€ Iwlv| @
n__mw.. sal ols| v _mm.w.m...mm o|ls|v . uwwm sa| 9| s|v
23] =
_..uv V1Va GNNOES S [RF| viva annous . mj viva GNNO¥O
o e IEs I Z # Y31 3UdUILNI | # 43138du3LNI

(110s @24eq - §g ‘u0ljod - )
‘wnybaos - § ‘ejlejle - vy)
‘eaJe 3591 As||ep |elsadw| 404
s3|nsaJ4 1s2] uollejasdaaju| pue
Aiobew| GZ+|0€-4l “€-f 24nb14g




*dnoub snosusbowoy e juasaidau pue jus434)ip AjJuedijiubls Jou ase 3jdOeaq awes

9yl Uyl M Suedjy

ﬁ G L1 szl - 2°28 %3 |elaay
011 A3 |elday| S48 8 yu3
9°6 ¥I oJay %3 7°L8 GZ-¥l [10S aJeg
6°L v yu3f! 9°26 v yu3
i 9°L g yu3 | 1" 46 ¥l oJoy 3
) 9°¢l Gz-¥l G"Sh V yu3
0°65 v yu3 G gy %3 |elady
G Gh  ERCIEEL G°18 g yu3 u0330)
6°Hh YI oaay %3 Ak 1 Gz-¥1
L G°6¢ g yu3l i L°69 YI odJay )3
i 9° 1€ vV yu3 1°09 Sz-¥I
867 GZ-¥I 9°zL v yu3
£°52 g yu3 4L %3 |eldey ejles|y
L*yT %3 |eldsy wlL ¥I oJay %3
I 9°12 ¥I oJay %3 i 8°58 g yu3
G619 v yul ] 6°HE ¥ yul
1*€4 %3 |eldsy P ¥I oJay %3
€8¢ GZ-¥I 9°ly qz-¥I wnybaog
' G¢ ¥I oJay 33 £°09 %3 |elJsy
1  df g yu3 I €°09 g yu3
B z°19 Gz-¥I
AV v yual||
I i vzl 33 _m_ho<ﬁ puejdos) ||y
L ¥l oJ4ay %33
8L g yu3
(S)dnowd I RTE SIOWWI ¥ (5)dN0YD RERTTR SIOWI IdAL
* OWOH "WWOD %  QDINVY S\‘ * OWOH IN3D¥3d cm¥2¢ekxpﬁ d0¥)

NOILVII4IINIAI dO¥I TVHNLINIIYIY Y04 ¥OYHI NOISSIWWOI INIJY3d NVIW ANV

1234409 IN3JY3d NVIW A8 Y3IQ¥O NI QINNVY SIdAL IIWWI SPVINYO4ITYD “AITIVA TVINIIWI “Z-4 378Vl

68




on crop types in this test as did conventional tri-emulsion color or
false-color infrared films.

In an effort to thoroughly evaluate sequential imagery taken of an
agricultural environment, we carried out a carefully controlled multi-
band photographic experiment during the summer months of 1969 at the
agricultural farm on the Davis campus of the University of California. .
With the aid of agronomy experts from the Davis campus, a complex target
array, consisting of numerous agricultural crop types, was planted and
grown directly beneath the catwalk of a 150 foot water tower (see Figure
L-4). Multiband photographs (27 different film-filter combinations)
were procured from the catwalk of the tower at weekly intervals begin-
ning on July 7 and continuing through October 30, 1969. Consequently,
time dimensional phenomena associated with each crop's phenological
development were measured with the aid of this sequéntially obtained
multiband imagery.

The purpose of this experiment was to evaluate tone differences
on the photos resulting from differences in the radiation reflected
from the vegetation only and not confounded by radiation reflected from
the soil through varying degrees of canopy closure. For this reason
crops that did nét form continuous cover were eliminated from further
testing. Thus, the crops selected for study were alfalfa, tomato,
potato, milo, safflower, wheat, barley, sugar beets and cotton.

This crop array was an ideal target for testing information con-
tent on multiband (and multidate) imagery using a densitometer to
measure image optical densities. Specifically, imagery obtained

throughout the growing season from the water tower was measured in
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Garlic|Tomato | Potatd Milo [32F- Wheat | Barley]
flower
Beans
Cu- . Sugar . Saf-
.- Beans Onion | Beans s ts Milo Fidae
Al- ¥
falfa | Cotton| Milo Pepper] Potato Lettucd Cottony Wheat
A : Sugar
Al- Onion |Garlic boats Tomato|Barley |Tomato | Barley|
falfa
Beans ggéber | ettuce] Potato|Pepper| Wheat i?g;er
Al-
falfa | gariiclonion Peppen i Lettuc SUGREY Cotton|
cumber beets
Figure 4-4. Crop array planted adjacent to a 150-foot

water tower at the Davis test site.
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terms of percent transmission through the negative image to determine
which of the film-filter combinations tested provided the greatest dis-
crimination between crops (Roberts and Gialdini, 1970).

Tables 4-3 and 4-4 show results for Plus X film with a Wratten 25
filter and for Plus X film with a Wratten 47B filter, respectively,
which were exposed on July 13, 1969. The lines to the left of the
crop names denote homogeneous density groupings. There is no signifi-
cant difference between the image densities for crops preceded by the
same line. For the images of crops not preceded by the same line
there exists a significant difference at the 95 percent protection
level.

The results of Duncan's new multiple range test showed that for
this particular target array and date, no single film-filter combination
could discriminate between all crops. By using two or more film-filter
combinatjons in concert, however, a greater number of discriminations
were made. By the addition of data from the Plus X/Wratten 47B com-
bination (Table 4-4) to the data from the Plus X/Wratten 25 combination
(Table 4=3), the following additional discriminations were made: sugar
beets from alfalfa, alfalfa from cotton, cotton from tomato and cotton
from potato.

A further gain in the ability to discriminate between crops was
made by utilizing multidate photography. By examining in concert data
from two dates for one of the film-filter combinations (Plus X/Wratten
25), Table 4-5 was constructed. After extensive testing of numerous
bands and dates of photography, it was found that a particular combin-

ation of bands and dates, although probably not unique, gave complete
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TABLE 4-3. ANALYSIS OF DIFFERENT CROP FILM DENSITIES FOR PLUS X FILM
EXPOSED THROUGH A WRATTEN 25 FILTER, JULY 13, 1969

LABEL MEAN* STANDARD DEVIATION
[ Barley .07367 .0505
Wheat .07900 .0631
Sugar Beets .21067 .0706
Alfalfa .25133 .0379
Milo .27667 .0631
Cotton .27767 .0521
Tomato .29800 .0527
[Potato .32200 .0486
Safflower . 36067 .0496

TABLE 4-4. ANALYSIS OF DIFFERENT CROP FILM DENSITIES FOR PLUS X FILM
EXPOSED THROUGH A WRATTEN 47B FILTER, JULY 13, 1969

LABEL = MEAN* STANDARD DEVIATION
Barley .27767 .0329
Wheat .31900 .0735
Sugar Beets .38267 .0895
Cotton 42400 .0446
Milo . 45800 .0720
Tomato .48200 .0666
Safflower .49767 .0302
Alfalfa .49767 .0172
Potato .50533 .0249

*Mean values are ranked in increasing order.

(From Roberts and Gialdini, 1970)
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TABLE 4-5, IMPROVEMENT IN DISCRIMINATION RESULTING FROM USE OF DATA
FROM ONE FILM/FILTER COMBINATION (PLUS X/WRATTEN 25) AND

TWO DATES (JULY

17 and AUGUST 14).

CROP NOT SIGNIFICANTLY SIGNIFICANTLY
TYPE DIFFERENT FROM DIFFERENT FROM
Barley wheat Sugar beets, alfalfa, milo, cotton
tomato, potato, safflower
Wheat Barley Sugar beets, alfalfa, milo, cotton,
tomato, potato, safflower
Sugar beets Barley, wheat, alfalfa, milo,
cotton, tomato, potato, safflower
Alfalfa Barley, wheat, sugar beets, milo,
cotton, tomato, safflower, potato
Milo Potato Barley, wheat, sugar beets, alfalfa,
cotton, tomato, safflower
Cotton Barley, wheat, sugar beets, alfalfa,
milo, cotton, potato, safflower
Tomato Barley, wheat, sugar beets, alfalfa,
milo, cotton, potato, safflower
Potato Milo Barley, wheat, sugar beets, alfalfa,
cotton, tomato, safflower
Safflower Barley, wheat, sugar beets, alfalfa,

milo, cotton, tomato, potato

(From Roberts and Gialdini, 1970.)
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statistical discrimination between all crops tested--Pan-25 on July 17,

Pan-25 on August 14 and IR-301+58 on July 25.

3. Development of Ground Data Collection Techniques

The fact that remote sensing imagery must be augmented with timely
and reliable ground truth measurements and observations is well under-
stood. However, rarely are the optimum procedures for acquiring these
data well defined. The purpose of the experiment described below,
which was done in August, 1971, on the Maricopa County ground cells, was
to compare three ''ground truth' data collection methods: (1) helicopter
bbservation,(Z) fixed wing aircraft observation, and (3) conventional
ground observation using automobiles. The respective vehicles employed
were a USAF UHIB, a Cessna 172 and a rented sédan.

Employing each method, experienced crews collected crop data identi-
cal to that collected by our group in the past (i.e., category, condition,
percent cover, height, and row direction), using the established code
and map record sheets (FRSL, 1970). In addition, each crew recorded
the time required to travel to the test area and between cells within
the test area. Each crew also recorded the time required to inventory
each cell, where one cell equals four square miles. Thus, comparisons
were made which included the time required, the costs and the accuracy
of the data (for purpose of this study, conventional ground observations
using automobiles were considered 100% accurate since any of the crops
encountered here, regardless of its maturity, could be identified by
this means).

Tables 4-6, 4-7 and 4-8 illustrate the results of this study. Note
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that these data are descriptive statistics only, and no rigorous statis-
tical comparisons have been made. The reliance one can place upon
these data is dependent upon the sample size for each case.

Note in Table 4-6 that a crew can inventory ground cells three to
four times faster with the aid of helicopters or fixed wing aircraft
than with an automobile, and that data can be collected at about the
same rate within a helicopter and a fixed wing aircraft.

In addition, data in Table 4-7 indicates that the level of accuracy
for crop identification by either airborne method, when compared to the
automobile method, was high. Most of the errors were in the ''field
and seed crop'' category, and these crops, for the most part, were in the
"grass'' stage in August which made identification difficult even on
the ground. Since ground data for this month would need to be up-dated
to a certain degree after the next data collection effort (up to 25% of
the fields of one data collection effort are up-dated with the aid of
data collected in the subsequent months), it is not unreasonable to
assume that crop identification from the air would be just as accurate
as gound identification over a period of months. Whether or not this
would be true for vegetable, fruit and nut crops is questionable and
requires further study.

What is not shown in Table 4-7 but was judged strictly from the
corrections made upon field maps, was that data collectors were better
able to detect changes in field patterns from the air than from the
ground. Furthermore, one would think that the data collector is better
able to estimate crop density from the air than from the ground; however

in this study, not enough data were collected to either prove or disprove
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this theory.

The data presented in Table 4-8 indicate that helicopter costs
were prohibitively high; however, the costs of the small fixed aircraft
were surprisingly low.

In summary, we have concluded from this experiment that it may be
more efficient, considering time, costs and desired level of accuracy -
to acquire ground data from a low flying, fixed wing aircraft when
attempting to perform agricultural surveys by means of remote sensing.
However, due to the limited number of cells inventoried from the fixed
wing vehicle during this study, this method of collecting data requires

further investigation.

4. Development of Techniques for Assessing Freeze Damage to Citrus

Following a recenf request made by personnel from NASA Headquarters,
we initiated a research effort with the following objectives: (1) to
determine if with the aid of remote sensing the citrus crop within Mari-
copa County, Arizona (18,600 acres out of approximately 500,000 agri-
cultural acres total) can be discriminated from other agricultural crops,
(2) to determine if the different species of citrus grown in Maricopa
County can be accurately identified, and (3) to determine if frost dam-
age sustained by the Arizona citrus crop last winter can be detected
and evaluated. High altitude (60,000') imagery flown by the NASA RB57
aircraft and low altitude (1000' above ground datum) oblique photographs
were analyzed during this feasibility study.

The high altitude RB57 imagery included color and color infrared

positive transparencies, acquired with Wild RC-8 cameras/6' focal length
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(scale 1:120,000), and color infrared positive transparencies obtained
with a Zeiss camera/12'" focal length (scale 1:60,000). Three sequential
dates of high altitide imagery were studied: Mission 145 on November 13,
1970, Mission 155 on January 18-19, 1971, and Mission 158 on March 2,
1971. Thus, both multiband and multidate concepts were exploited.

A severe freeze hit the Maricopa County area during the period
January 3-9, 1971; therefore, crop damage was evaluated by using imagery
taken before, immediately after and several months later. The FRSL
deployed a field crew to the Phoenix area in connection with Mission
155. The crew contacted numerous citrus experts in the area and gath-
ered detailed ground data on the extent of freeze damage. With the
assistance of Dr. Shields (University of Arizana), Dr. Hildeman
(University of Arizona Citrus Experiment Station), Mr. Otis Ralph (Arizona
Citrus Growers) and Mr. James F. Riggs and Mr. Horace M. Mayes (both of
the Statistical Reporting Service, USDA) the field crew obtained infor-
mation on (1) the areal extent of damage,(2) what constitutes ''damaged"
fruit,(3) how this damaged fruit is located within the crop, (4) how the
degree of damage relates to the ultimate use and value of the crop,(S)

_ what protection devices might be employed, (6) what variability in sen-
sitivity exists between species, and (7) what the correlations are
between visible leaf damage (leaf burn) and actual damage to the fruit.

Five major citrus areas were located within the county for study
and detailed ground data were collected for each. The areas studied
can be seen in Figure 4=5: (1) Baseline, (2) Chandler Heights, (3) Deer
Valley, (4) Mesa, and (5) Rainbow Valley. These five areas experienced

differing degrees of freeze damage; Chandler Heights being severely hit,

80




Interstate 17

®(3) Deer Valley

(2) chandler Heights

(5)$Rainbow V

Gila Bend vallef

u.s. 8o

Figure 4-5. Map of Maricopa County indicating the
locations of the five major citrus areas under study.
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Baseline and Rainbow Valley moderately damaged, and Mesa and Deer Valley
experiencing very minor loss. The field crew visited each area on the
ground, carefully mapping species and noting the extent of leaf burn.
The fruit was sampled in an attempt to correlate leaf burn to fruit dam-
age. Terrestrial 35 mm color and color infrared photographs were taken
of selected sites. These photographs later were used as documentation
of the actual field conditions and to relate crop tone signatures seen
on the high altitude imagery, on the low altitude oblique photographs,
and observed on the ground (see Figure 4-6). The low altitude obliques
were taken on January 25, 1971 from a light aircraft approximately

1000 feet above the terrain. Hand held 35 mm cameras, with color and
color infrared film, were used to photograph, nearly simultaneously, the
five major citrus areas. The location of these images was later plotted
on the RB-57F photography (see Figure 4-7).

Study of the available imagery indicated that differentiating
citrus from all other agricultural types can be done easily on both
color and color infrared transparencies at both flight altitudes. In
fact, nearly all citrus crops within Maricopa County previously have
been mapped on RB-57 imagery and a mosaic-map has been prepared (Pettinger,
et al, 1970). Both image tone and texture play an important part in the
interpretation. Texture becomes more important on the color photography,
when compared to the color infrared photography, because the green
tone of citrus is similar to the tone presented by other agricultural
crops. On color infrared, however, the lower infrared reflectance of
citrus gives the crop a unique tone, i.e., dark red versus bright red

for other crops. This unique infrared reflectance characteristic makes
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Figure 4-6. Color (above) and color infrared (below)
35 mm ground photographs taken in the Deer Valley area.
Note the slight leaf burn on the outer leaves of this
grapefruit tree, indicative of freeze damage.
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Figure 4-7. Color (above) and color infrared (below)
35 mm oblique photographs of the Chandler Heights
area. Oranges (o), tangerines (t) and grapefruit (g)
can be seen. Variable freeze damage within a species
(most notably here with oranges) caused interpreta-
tion difficulties.
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possible the identification of citrus, even on photography obtained
from earth orbit, such as that taken by the Apollo 9 astronauts (approx-
imate scale: 1:3,000,000). Identification of freeze damage and related
fruit loss, however, presents several problems, as discussed in later
pages.

As stated previously, a severe freeze hit Maricopa County on January
3-9, 1971. This had been preceded by another cold spell which had left
the trees in a susceptible condition. Through the utilization of certain
protection procedures, such as wind machines, irrigation, orchard
heaters, ''frost water' (water heated to 70-80°F and left standing in
the orchards) and planting on air-drained slopes, much of the citrus
crop escaped severe damage and loss. The susceptibility of the general
crop is dependent further on the species under cultivation. With par-
ticular reference to the varieties grown in these test areas, the order
of hardiness of citrus, beginning with the most fragile, is as follows:
(1) lemons, (2) navel oranges, (3) sweet oranges, (4) tangerines, (5)
Valencia oranges, and (6) grapefruit (numbers 5 and 6 may reverse). The
state of Arizona requires that citrus fruit, sold as fresh produce,
must exhibit less than 10% freeze damage. Damaged fruit is defined as
that which shows 20% or greater dehydration. Some private companies
require more stringent controls on the fruit before they will put their
label on it (i.e., less than 5% damaged fruit). Fruit that is sub-
standard as fresh produce may be processed for juice concentrate, used
for oil and pectin (namely the rinds) or used as animal feed.

After conferring with the citrus experts in Arizona and sampling

fruit in the field, we determined that damage to citrus fruit does not
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correlate with the amount of leaf burn on the trees. Although it is
possible on the low altitude photography to discriminate between trees
with and without leaf burn, it is not possible to estimate the probable
fruit loss. The interpretation is further complicated by the fact that
a tree may exhibit severe leaf and fruit damage on its exterior and
little or none in the more protected interior areas.

Because of the factors stated above, we reached the conclusion
that, on the high altitude imagery, it is not possible to differentiate
freeze-damaged citrus from those trees that suffered no damage. Further-
more, the use of multiband and multidate imagery did not improve inter-
pretation results. The subtle tone differences visible on thé ground
were not sufficiently great to register perceptably on photographs taken
from 60,000 feet. Possible reasons to explain this occurrence may be:
(1) many of the undamaged interior leaves are imaged, due to the near
vertical orientation of the camera, (2) variable amounts of soil are
imaged tHrough the trees and between the rows of trees, a factor which
influences the overall tone of the crop (caused by different age-
classes of the citrus groves), and (3) the imagery acquired during
Mission 155 was of marginal quality, with very little tonal variation
between targets of interest (see Figure 4-8).

Although it usually is possible to differentiate citrus, as a
group, from "everything else', species identification of individual
species of citrus on the high altitude imagery does not seem feasible.
The variation within a species is often as great as the variation
between species. With scale 1/120,000 imagery individual trees are not

easily resolved so neither crown nor shadow shape can be used by the

86



. . T s
Color infrared, scale 1:60,000 (Zeiss/12")
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Figure 4-8. These photographs
were taken from the NASA RB-57F
aircraft on January 18-19, 1971
(Mission 155) over the Baseline
citrus area. Citrus species as
mapped by the field crew are
indicated on the Zeiss color
infrared imagery: g = grapefrt
I = lemon, o = orange, t =
tangerine. This high altitude
imagery did not provide suffici
tonal differentiation or reso-
lution to accurately map frost
damage or species.



interpreter to separate one species from another. The quality of the
imagery was also such that there was great variability in tone across
individual frames as well as from one date to another. The low alti-
tude imagery obtained by the field crew was taken within sixteen days
of the freeze while the dehydrated leaves were still present on the
trees. As was mentioned earlier, the five areas of study were damaged
to different and varying degrees of severity. There was also within-
stand damage variability. These facts make species identification very
uncertain, especially from area to area. However, with photography
flown at low altitude and to optimum specifications, species identifi-
cation may be feasible.

In summary, (1) the identification of citrus versus all other agri-
cultural crops is feasible from high altitude and space imagery, (2) the
evaluation of freeze damage and more importantly fruit damage, is not
possible on high or low altitude photography using visible leaf damage
as the indicator, and (3) the identification of the different species
of citrus is not feasible on the high altitude imagery but would probably
be possible on larger scale photography flown at optimum specifications
(i.e., the 'best'" season of year, time of day, photographic scale, film-

filter combination, etc.).

B. Wildland Inventory and Monitoring Problems

l. Development of Multiband Image Enhancement Techniques

The two experiments described below were designed and implemented
to help assess the usefulness of multiband photography for identifying

forest tree species composition (Yosemite test site) and mapping forest
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vegetation types (Bucks Lake test site) (Lauer, et al, 1970). Inter-
pretation testing procedures were applied to single-band photography,
multiband color and false-color infrared photography and multiband
black-and-white photography combined into false-color enhancements.
The results of the interpretation tests were compiled, compared with
ground data and tabulated. The test results were subjected to statis-
tical analyses when applicable.

In July 1969, the Science and Engineering Group, Long Island
University, obtained multiband photography of Yosemite Valley, Calif-
ornia. This area was selected for testing multiband photographic
techniques as applied to a common forest inventory problem, tree
species and tree type identification. The floor of the valley is an
ideal site for testing purposes since it is a simple forest environment
consisting of level terrain, deep rich alluvial soils and a mixed
conifer forest cover type. Large numbers of four major tree species
(see Figure 4.9) are dispersed throughout the area in dense mixed stands:

ponderosa pine (Pinus ponderosa), California incense cedar (Libocedrus

decurrens), California black oak (Quercus kelloggii) and black cotton-

wood (Populus trichocarpa).

Five sets of images were selected for testing--two sets of single
band photos (IR-301+25 and IR-89B) and three sets of multiband photos
(Ekta Aero Infrared, Enhancement X and Enhancement Y). Enhancement X
was made by optically combining, into a single color composite image,
three narrow band-pass film-filter combinations. Three images with
peak transmissions at wavelengths of 553 nanometers, 682 nanometers

and 754 nanometers, respectively, were projected through red, blue and
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Figure 4-9. [IR-301+25 imagery and test results of one of

six interpreters for the Yosemite Valley study area. (P -
ponderosa pine, | - incense cedar, 0 - black oak, C - cot-
tenwood, CF - conifer, HD - hardwood)
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green filters, respectively. Enhancement Y (broad band) was made by
optically combining IR-301+58, IR-301+25 and IR-89B images projected
through green, gnd:greer and fed-filters, respectively.

In order to obtain a reliable measurement of interpreter vari-
ability, each set of imagery was examined by five to six interpreters.
A set of images consisted of two separate photos in print form from
which the interpreter was asked to identify the species of a total of
277 individual trees. An example of one interpreter's results for
IR-301+25 is presented in Figure 4-9.

The results of the Yosemite Valley tests and subsequent statis-
tical analyses are presented in Tables 4-9 and 4-10. One obvious con-
clusion that can be drawn from these data is that accurate species
identification was not possible on the imagery tested; however, accurate
type identification (hardwood vs. conifer) could be accomplished. Only
one species, black oak, was identified with an acceptable level of
accuracy (78.6 percent). This identification was accomplished sig-
nificantly best on the Ekta Aero Infrared photos. In nearly all the
cases shown in Table 4.9, percent correct identification was low and
percent commission error was high, indicating that the interpreters
were not able to identify the species, tree-by-tree. Nevertheless, in
practically every case (all species combined or individual species),

a form of multiband imagery provided the best results (i.e., highest
percent correct and lowest percent commission error), and a form of
single-band imagery provided the poorest results.

The second forested area wherein multiband photographic tech-

niques were studied was the Bucks Lake test site, located in the heart
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of a mixed conifer forest type on the west side of the Sierra Nevada
Mountains in California. Quantitative interpretation tests were made
in this area to determine the usefulness of different types of multi-
band photography_(flown in July 1969) for.identifying and mapping six
forest resource types: (1) medium to high density timber, (2) low
density timber,, (3) brush and/or dry site hardwoods, (4) riparian and/or
meadow vegetation,(5) bare soil and/or rock, and (6) water bodies. Five
sets of images were selected for testing. These sets included two sets
of single band images (IR-301+25 and IR-89B) and three sets of multi-
band images (Color Enhancements 1, 2 and 3). Color Enhancement 1,
similar in appearance to images produced on Ekta Aero Infrared film,

was obtained by optically combining IR-89B, IR-301+25 and IR-301+58
images projected through red, green and blue filters, respectively.
Enhancement 2 was made in a similar manner, with the following combin-
ation of bands and filters: |IR=89B--blue filter; IR-301+25--red filter;
and IR-301+58--green filter. Enhancement 3 was produced using IR-89B
with a green filter, IR-301+25 with a red filter, and IR-301+58 with

a blue filter.

A set of imagery consisted of two groups of two photos or trans-
parencies each, i.e., four images per set. The two single band image
sets were viewed in print form, but the three multiband sets were
viewed on a rear-projection viewer.

To test the accuracy with which the six forest resource types could
be mapped, 240 rectangular areas, ranging from five to 20 acres in
size, were chosen within the four photos which made up a set. A

portion of these 240 areas was used as training examples; the remainder
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was examined and categorized by the interpreters (see Figure 4-10). The
interpreters were asked to determine into which forest resource a
particular area fell. Guidelines were provided to the interpreters to
assist them when the selected areas contained more than one resource
type. An example of two interpreters' results for a set of IR-89B
imagery is shown in Figure 4-11.

In comparison with similar tests performed in other areas, the
test results from the Bucks Lake area were very good, i.e., high percent
correct and low percent commission error using both single band and
multiband imagery (Table 4-11). This was due in part to the increased
accuracy achieved when the vegetation was classified by categories and
not by individual species. I[n some cases, this high accuracy was not
based primarily on the type of imagery used. Rather, greater accuracy
was achieved by (1) classifying the area into forest resource types and
(2) by using relatively high resolution imagery. Note, however, for
resource fypes with less distinctive textures or growth patterns--such
as dry site hardwood, meadow and rock-bare soil--carefully selected
image types will aid in proper identification. With only two types of
imagery, IR-89B and a broad band enhancement (green, red and near
infrared bands projected through blue, red and green filters, respec-
tively) were problems encountered in identifying resource types. These
results emphasize the fact that band selection and enhancement proce-
dures must be carefully evaluated. Not all enhancements of multiband
imagery are going to provide additional information; in fact, informa-
tion frequently can be reduced by the enhancement procedure if improperly

applied.
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Figure 4-10. A portion of the Bucks Lake study
area is shown here. Several training areas
(circled) and test areas are indicated. The
correct classification of the forest resource
type within each test cell was determined by
on-the-ground observations.
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Figure 4-11. IR-89B imagery and test results for the Bucks Lake

study area. (1: medium-high density conifer; 2: low density conifer;
3: brush-dry site hardwood; 4: meadow-riparian hardwood; 5: bare
soil-rock; 6: water)
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2. Development of Techniques for Evaluating the Usefulness of
Side Looking Airborne Radar (SLAR) Imagery

The objective of the research reported upon herein was to determine
the utility of SLAR imagery for evaluating wildland vegetation resources
(Daus and Lauer, 1971). Specifically, comparisons were made, with the
help of a group of skilled photo interpreters, between certain ground
features such as aspect, slope and major vegetation/terrain type and
corresponding tonal/texture image characteristics for each feature or
groups of features as seen on the SLAR imagery. In addition, qualitative
evaluations were made regarding the overall usefulness of SLAR imagery.

SLAR imagery was obtained of the Bucks Lake test site, in Plumas
County, California, in October 1965, as part of ongoing research spon-
sored by the National Aeronautics and Space Administration's Earth
Resources Survey Program in Agriculture/Forestry. A Westinghouse
AN/APQ-97 system, which provides K-band (1-3 centimeter wavelength)
imagery, was employed during the mission (see Figure 4-12). Like-
polarized imagery (HH), rather than cross-polarized imagery (HV), was
judged best for purposes of analysis.

Photo interpretation tests were performed whereby numerous system-
atically selected plots on the SLAR imagery were classified into one
of nine tonal/texture categories. The interpreters were not asked to
identify objects and conditions on the SLAR imagery; they were instructed
only to categorize the plots in terms of tone and texture.

Three skilled interpreters working independently with the same
SLAR imagery classified each plot. A reference key, showing examples

of each tonal/texture category, was used by the interpreters as they
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Figure 4-12. An example of the AN/APQ-97 radar imagery used

in this study is presented above. This image shows a portion
of the NASA Bucks Lake Forestry Test Site which is adjacent
to the middle fork of the Feather River in the Sierra Nevada
Mountains in north-eastern California.
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evaluated the image characteristics of each plot. The interpretation
key was constructed in such a manner that each point could be matched
with one of nine chips representing a particular tonal/texture category.
Once the interpreters classified all of the plots as to image tone and
texture, it was possible to relate their results to ground truth data
collected for each plot (i.e., aspect or orientation of terrain with
respect to sensor, steepness of slope and major vegetation/terrain
type). Thus, with the tabulated data, correlations could be made
between the tonal/texture properties of an image and the corresponding
ground features (see Tables 4-12 and 4-13). Note that the first row in
Table 4-12 should be read as follows: 78 image plots were classified
as smooth-white; 86% of those plots were on slopes normal to the beam
while 14% were on slopes oblique to the beam; 30% of the plots were on
20-40% slopes; and 20% on 40-60% slopes and 50% on 60-80% slopes; and
9% were in dense conifer, 33% in sparse conifer and 58% in dry site
hardwoods. The remaining rows in Table 4-12 should be read in the
same manner, and the rows in Table 4-13 showing the distribution of
points for each vegetation terrain type, should be read the same way.
The data presented in Table 4-12 indicate that a consistent rela-
tionship appears to exist between certain tonal/texture categories and
various aspects. In fact, aspect of the terrain, in relationship to
the positioning of the sensor system, seems to have a profound effect
on the image characteristics. Furthermore, there does not appear to
be any consistent relationship between image tone and texture, and
vegetation/terrain types (except for large bodies of water) as indicated

in Table 4-13.
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TABLE 4-12,

BY TEXTURAL/TONAL CATEGORY

TABULATION OF SLAR .IMAGE EXAMPLES

Textural/Tonal
Category
(and number

of points in
each category)

Texture/Tonal Points (Percent of Total For
Each Category Falling Within Each Type)

Aspect

Slope

Vegetation/Terrain

Facing away from
Beam

Normal to Beam

Oblique to beam

0-20%

20-40%
Lo-60%

60-80%

Dense Conifer

Sparse Conifer
Dry site hardwood
Riparian and

Bare Ground
Meadows

Brushfield

Water

Smooth
White
- (78)

(o]
o
o

g

30 | 20

(¥e)

w

w

A%,

(o <]

o

o
1

o

Smooth

Grey
(104)

b6 | 35

19

35

42 |10

16

25 |43 | b 12| -

Smooth
Black
(108)

26

20

18 | 27

36

30152 0} 3| -

11

Medium
white
(127)

761 9

15

17

36 | 24

22

15

35 |bs | 8| 6| -

Medium

grey
(206)

ho | 23

37

35

Lo |16

14

L8 131 |10 6| -

Medium
black
(123)

32

34

26 |19

21

20

b6 |28 | 4| 4| -

Rough
white

(29)

52 | 14

34

24

38 | 31

by w3 of 4| -

Rough

grey
(81)

20

L6

30| 4

10

20

56 f21f 1| 3| -

Rough
black
(44)

23

30

k{10

19

18

55127§ 21 2} -
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TABLE 4-13. TABULATION OF SLAR IMAGE..EXAMPLES
BY VEGETATION/TERRAIN TYPE 4

Vegetation/Terrain Points (Percent of Total Within Each
Type Falling Within Each Category)
t ~ Textural/Tonal Category
Vegetation/ S5par Siaps
Terrain - £
Type I o
o 0 (V] X | O .."4
NER: se| se| se| oo | 2| T 8| =] T & & |3
(and number ol 29 & o| ol | © €| s|l=|l €| =] =] =] | ®
of points in *1%9 & T 9IS Pl MY €| &l3
each type) |26l | °| Q| 2|8 | S| S|S| 5| §| §| E|. £ |L
E{ow| = 8l 818 5| 5| 5| 2| %%
o| m ) el 8/ 8| 8| 3| 8| 3| 3|3
- | L o nwl unuliunw| | | | £| £ | £
Dense
Conifer 34 | 25 |41 27 |38 | 5 |30 613|316 (2419 ]| 1 (12 |7
(134)
Sparse
Conifer 35 |26 (39 24 |38 (22 (16 71 819 (12 |23 |15 &4 [13
(369)
Dry Site
Hardwood 37 |31 [32 24 131 |23 |22 |13 |14 |16 |16 [18 {10 | 3 | 5
(338)
Brushfield
(15) 80|20 |0 floolo|o |0 0|33(0| 7 |141{33|0]7
Bare
Ground 26 | 0 P4 67 |20 | 7 | 6 0 (26 (7 |15 |30 |11 L | 4
(46)
Riparian-
meadow - - - - - |- - - -1=-1 - -1 -1 - -
(0)
Water
(13) 0 pjo0 |0 q00 [O |O O 0 oflog 0 | O] OO }|O
13

102




It is apparent from these results that vegetation typing cannot be
accurately done on a regional basis in areas of rugged terrain with this
SLAR image. Likewise, it would not be possible to obtain more detailed
information about the vegetation resourcés of a wildland area (height,
density, species, etc.) if the major vegetation types cannot be identi-
fied. However, this does not mean that radar imagery is useless. It
was discovered that an interpreter could effectively delineate a variety
of tonal and textural anomalies on a SLAR image, and he could also con-
sistently identify (1) bodies of water, (2) drainage networks, (3)
aspect and relative steepness of slope, and (4) watershed boundaries.
In addition, in relatively flat areas, delineated boundaries seen on
the SLAR imagery often related to changes in vegetation type. The
types on each side of the boundary could rarely be identified on the
SLAR imagery alone, but stratifications indicating differences in
vegetation type and condition could be made. Basic map information
such as this, showing unidentified homogeneous terrain features, can
be coupled with a minimum amount of supplemental data derived from
other sources (e.g., low resolution space photography, high altitude
aerial photography, low altitude oblique photography, or field data
collected by ground crews), to produce preliminary maps and statis-
tical data about the vegetation resources of a wildland area. However,
this interpretation process becomes more difficult as the terrain
becomes rough--as was the case at the Bucks Lake site.

3. Development of Ground Data Collection Techniques Employing
Low Altitude Oblique Photography

Numerous methods and procedures are used to collect ground data
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of the type needed to properly train image interpreters for an inter-
pretation task and to supplement their interpretation results. Ordi-
narily, the exact technique ultimately employed on any particular project
is dependent upon (1) accuracy requirements, (2) cost restrictions and
(3) proper timing. Obviously, the larger the region within which resource
inventories are to be made, the more difficult is ground data acquisi-
tion. Conversely, the task of extracting gross resource information over
vast regions by means of remote sensing is somewhat simplified with the
aid of synoptic view photography (i.e., spaceborne imagery). However
a certain amount of accurate, low cost and timely ground data, procured
in conjunction with the orbital mission, greatly increases the useful-
ness of the information derived from the spaceborne imagery. The
objective of the study discussed below is to investigate a technique
that provides accurate, low-cost and timely supplemental data--acquiring
and interpreting low altitude oblique aerial photography.

Specifically, an attempt was made to compare, in a qualitative
fashion, the amount of information derivable from a space photograph

when low altitude oblique photos are and are not presented to the inter-

preter. In this case, an Apollo 9 color infrared photo taken in March,
1969, over San Diego County, California, was chosen for study. A
skilled interpreter was asked to delineate and identify directly on a
photo enlargement (scale 1:1,000,000) land use, using the land classi-
fication scheme developed by Prof. Charles Poulton and his associates

at Oregon State University (see ''"The Application of High Altitude
Photography for Vegetation Resource Inventories in Southeastern Arizona'

by L. R. Pettinger, et al, 1970). The interpreter mapped, in just a few
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hours, more than one million acres of land in San Deigo County. He used
as reference (1) his knowledge of the area, (2) topographic map sheets,
(3) published statistics on land utilization, and (4) his training and
experience gained while working in adjacent and analogous regions in
California and Arizona. The results of this interpretation exercise
are illustrated in Figure 4-13.

During March of this last year, when most vegetation and terrain
features had nearly the same appearance as when the Apollo photograph
was taken, low altitude oblique aerial photographs were procured. A
single engine Piper ''Cherokee'' was employed, and 70 mm color trans-
parency photographs were taken of targets of opportunity, including
principal land classification boundaries. In less than four hours,
four north-south flight lines were flown at an altitude of approximately
2000 feet above terrain and 80 photographs were taken. Several examples
of the low altitude oblique aerial photography are shown in Figure 4-14,

The analyst re-interpreted the Apollo 9 enlargement, with the aid
of the oblique photos projected onto the screen of a desk top film-
viewer-enlarger, and developed the map shown in Figure 4-15.

The map overlays shown in Figure 4-13 (made without the aid of low
altitude oblique photos) and in Figure 4-15 (made with the aid of low
altitude oblique photos) easily can be compared. Note that (1) the

delineations on both maps are nearly the same; in only a few instances

did the interpreter change the position, add or subtract a boundary, (2)

a vast amount of improvement occurred in type identification; for nearly

every delineated type, a more detailed identification of the type was

made with the oblique photos, (3) areas comprised of many small and
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Legend:

100 - Barren Land

200 - Water Resources

300 - Natural Vegetation

40O - Agricultural Lands

500 Urban and Industrial Lands

Figure 4-13. A false-color infrared Apollo 9 photo (reproduced in black-
and-white here) showing a portion of San Diego County (scale = 1/1,100,000)
was interpreted, and a map-overlay made, without the aid of low altitude
oblique photographs. Selected features and conditions were photographed,
in the spring of 1971, from a low flying airplane (see Figure 4-14).

Then, the Apollo photo was reinterpreted whereby the low altitude oblique
photos were used as supplemental data (see Figure 4-15).
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Figure 4-14, Six low altitude oblique photographs taken of
selected targets in San Diego County are shown here. These photos
illustrate: (a) flat sand, (b) bedrock outcrops, (c) lakes, (d)
shrub/scrub lands, (e) wooded and forest lands, and (f) pasture

and rangelands.
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Legend:

100 - Barren Land 300 - Natural Vegetation
123 - Flat Sand 320 - Deserts
131 - Bedrock Outcrops 340 - Shrub/Scrub Lands

360 - Wooded and forested lands
200 - Water Resources

212 - Lakes LoO - Agricultural Lands

230 - Bays and Estuaries 413 - Forage Crops

240 - Oceans and Seas L60 - Pasture and Rangelands
260 - lIce and Snow

500 - Urban and Industrial
510 - Residential

Figure 4-15. The Apollo 9 photo shown here (reproduced in black-and-
white) is identical to the one shown in Figure 4-13. However, in this
case, it was interpreted with the aid of low oblique photography and the
map-overlay shown here was made. See text for further explanations.
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.dufferent land use: types are very- dlfflcult to dellneate or. |dent|fy,

even wnth ‘the aid of low. altltude oblique. photography, since these areas
have a heterogeneous ''mosaic-1ike' appearance on 1:1,000,000 scale space
photographye(see upper left corner ?nLFigores 4-13 and 4-15), and (4)
'.interpretationdot the space photos,.even wtth the aid ofjlow.altitude~
oblfque aerial photography,'geheratly“did not provide detaijed evaluations
about any-partioularmresouroe*(e;g., houeing quality in urban‘areas,
forest timber. volume, rangeland anlmal carrying . capacnty, etc ).

The results of this study further verify the utility of supplementa]
data when an rnterpretatlon task Js_belng,performed.l As an |nterpreter
-works with remote senSing imagery, regardless of the Specific.projeot
objectives,rhe attempts ihaa stepwise fashjoh‘to (1) delineate, (2)

' -idehtify;vand,(3).evaluate~featurea and conditions seen on.the imagery.

However, each succeseiye~step requires additional ihformation that is

not*eaéily'extracted,vorfis'fmpoesih]e todextraot; from the imagery.

ConSequently, he may be working oh1y wi th supp]emental data by the time

he-reaohes step_3 "'evaluation'’, dependihg_on.thejqda]jtyhof,the'remote
,sensing.imagery. This study ha$1ShoWn that Jow a]titUdeloblique aerial
'photography is an eXtremelyhvaluable tool ‘to employ, especialfy durfng

- step 2 “identificatton“, when'working with low'resolution, syhoptic.view .

space photography.

FUTURE RESEARCH ACTIVITIES

The work performed to date by personnel of our |I&E Unit in both
the agrlcultural and wnldland test S|tes lndlcates that valuable resource

information can be extracted from remote sensing data--partrcularly when
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édyanced image procﬁrément and interpretation techhjques are,implemehtea.
Du?ing this past year a great effort was made to dévelqp,teStfng pro-
cedures which.could effectively be used to determine the best combina-
tioﬁs of 7magery, enhancement-interpretation and_groynd data collection
fechnighes needed for soTv(ng particular resource inventory'prdbléms.
Nea?ly‘all tests to date indicate that the theoreticaf implication;
assbciéted with using multiband and multidate”imagery ﬁfe indeed real-
istic conceptS:Which-can be appliéd ina practical sense ;6 résource~
o fnvehtory pEoBlems--eépecially in an égriculgural énvironment. So far,

it has been shown.thét'two crops, wheat and barley, can be effectively

.surveyed‘on imégery obtained in three spectral bands (vi;., Aerial Ekta-
chrome film) on two dates (viz., May and June). The nexf‘lpgical steps
are‘to determine if (1) the femaining major crops growing in the Phoenix,
.Afrzona ares, and (2) all cropé in San Joaquin County, California, can °
Sé dis;fimihated on'1magery'obtainéd using the most anormative spectral
' bandg on carefully selected dates. However, it is probablé tﬁat as the
datarbase Becémes more and more complex (through the use of additional
spec£ral bands and dates), tﬁe_humén interpreter will become hopelessly
inﬁndafed'wifh fmagery. Therefore, to facilitate the task of photo inter-
bretation, experfment3~will'be done by our unit_using various.déta'COm-
pression téchniques. Specifically, improved procedures for optica]ly
color combining mU]tiband'and multjdate imagery &ill be déveloped (e.qg.,
on a ;ysfematic rather than a "trial-and-error' basis). As such methéds
evolve,,the interéretability oflfﬂe‘resulting composite images will be

_ determined by means qf.higorous teéting wfthiskil]ed'photovinterpreters.

1]

The anticipated outcome of this reséérch'is that of deriving a method

\
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for the nnventory of all maJor crops grownng in Maricopa and San Joaquln
Countles usnng ultra- hlgh altltude mul tiband- multldate imagery that. we
have suitably compressed so that, while the essentlal_|nformat|on.content
isiretained, it is easily eXtraetedvby the'human_photo_interpreter. Theee
.methods then'céulu‘be efficfent]y tested employing imagery pfocured.
during the forthcoming FRTS-Aland éKYLABYearth orbital missions.

The wbrk to be done.thig next year Will be-prfmerily witH agricul=-
tufal-resqurces; hoWever, researeh.will aiso.contihue at'ouf two NASA.;
foreetry test sites, Meadow Valley-Bucks Lake and San»Pablb'Reservoir.
Analysis of natural vegepatiou will cqntiuue to be the focal point of this
‘research. Bufleing on the recent reeearch reSuits regarding yegetafion_'
mapping, maiﬁlx type de?ineation and species identification using.enhauced
imagery; we will study euditioheljuarameters abouf vegetation coyerf-SuehA
‘as, density andAdisffibutjoh. ;#or the forest land maneger,.repid assess-
mentjef fofeetAstand deusity.and.dietributfonvare-of maximum importance
since these parameters are dlrectly related to wood volume wnth|n a forest.

Lastly, a maJor act|V|ty of this Unlt will be to contlnue close
.cooperation with:units in other NASA-funded laboratqriesvhaving interests_
‘similar to ours (e.g., at Ouegon State, Univefsif9 of Mfchigan; Universify
eof_Mihnesofa and at the Pacific Souphwest'Foreét and Range Experfmenf
Station of the u.s. Ferest_SeEVice)»as well:as with the other‘fouf.Units
"af our Forestry Réﬁote Sens{ng_Laborafory.x Cooperation between tﬁis
' .Unit-and'fhe Automatic Image ClassificetionAand Date Proceseing Unit of
FRSL is necessery whenlattempting to evaluafe or.deriue.an image inater-
pretetlon system comblnlng the skllls of both humans - and. machlnes .For-

example, in the foreseeable future, the ADP Unlt wnll aid in selectlng
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(through rapid analysis of Aumerical data obtained from density scans

of negatives) training samples most suitable for use by human inter-
preters. In addftion; human interpretérs will focus their attention and
skills on imagery that has been electronically compressed, enhanced,
analyzed and displayéd'by the ADP Unit. Likewise, the Spectral:Char-
acteristics Unit can interact with our Unit by collecting spectral datavn
on those resqdrce features and conditions being analyzed by the human
photo interpreters. An immediate goal of the Spectral Characteristics
Unit is to develop methods: for determining, for aﬁy given resource
inventory, the obtimum bands for obtaining multiband images, which in"
turn are to be optically enhanced by our Unit. Since the success of
 the Trainfng Unit is directly related to the quality of research find-
~-ings emanating'from'the other Units, -the II&E Unft'will continue to
actively participate in preparing the'neeessary materials needed for

training personnel from user groups.
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»Chapter.S
AUTOMATIC IMAGE CLASSIFICATIONiAND DATA PROCESSING

Jerry D. Lent .

INTRODUCTION -

The prtmary objective of'the.researchvbeing;performed hy the
Automatic Image Classification and Data Processing.Unittof the FRSL
fs to provide a’coherent technfcal-1nterface.between manual and
automatic interpretation technioUes for eXtracting.information from
remotely‘sensed'datat With;specific reference to activities reported .
~upon in this report,:we are applying onr research efforts and facrli-
ties to‘determihing:the eXtent to which small scale imageryrcanvbe |
handled and analyzed aotomatically.in the inventory of wildland
resources of.concernnto.Iand.managersi We are-gaining increased con;
fldence that our approach to data ana1y5|s is one thCh will facnlltate
our ablllty to (1) develop better research technlques for the analysis
of such data, and (2) satlsfy certain |nformat|onal requurements of
_resource managers. The lmplementatlon of our remote termlnal/dnsplay
facility (which has occupied_so,much of our effort'durjng the past
year).is now conceptdally complete'with only a few items still needed
to satisfy our data display specuflcatlons All maJor components
whlch were orlglnally prescrlbed as necessary to-the lmplementatlon of
our FRSL data proce55|ng faC|]|ty have been. ach|red, and in nearly

all cases have been successful]y |nterfaced to our process controller
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for "operational' use. One change to our original plan, namely a
remote linkage to a large computer, is now back on schedule and by the
time of pbblication will be functional at 4800 bits per second full

duplex transmission,

"Current Research Activities

A. Status of the FRSL Terminal/Display System

" The past year of effort has permitted ué to bring the terminal/
display 'system up -to its current status. The schematic presented
on the following page denotes the various components in their respec-
tive cohfigdrations for use as a data-tfansmission terminal and as
a graphic display console. Each component is parenthetically referenced
and described subséquently.‘iThis schematic can be compared with Figure
5.1 from our progress report of last year. Some components .are essen-
' tfally'as-deséribed previously and are so indicated; others are .
. addftiohslto the system and they are described :according "to fhefr-_
specifications énd performance. |

1. " Process control computer. This device is essentially, as

described previously, a 16-bit word length ''mini-computer' possessing
8K words of memory. All interfacing of peripheral devices which the
computer controls is done ''in-house''.

~ 2. Communication 1ink to a- large high-speed general purpose

' computer. Our line-of-sight device for transmitting data between sta-
tions is currently suspended as a developmental activity in favor of

the more conventional bhbhe?line hookup of stations. The line-of-sight
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device is about 80% complete and will be fairly easy to retﬁfn ta in
the future as,tfme permité;l-we héd originally planned,fo link up to

a CDC 640079eneralipurpos¢ computer, but it appeared sensible for us
to abandon:this initial effort because of time delays and related sys-
tem deficiencies. We have since, in the last few months, achieved a
new and,wevfeeh a more.lpgicaf lfnk-up at a different facility at
greatiy,réduted cost to our projects.' This line fs to a moke'adequately
.-supported high-speed CDC-6600 computer. Our transmiss}on rafes are
currently 4800 bits per second but with improved;circuit analysis we
éxpect to at least double this rate. This line is eséentfal,of course
to ogf requirements for a ]argeicomputafidnal capabilkty for multiband
téne sigHature and texture analyses. Wevhave a modified version of

the LARS pattern recognition routines operating on the larger CDC 6600.
Sincg the closed-shop, Qenerél purpose computer is unsuitable to an
effectiQe man;machine interaction.for image processing and interim
dec;sion makfng, some sort of facility for gaining access to the pro-
cessing operation is necessary. This is accomplished through our
remofe'perminal facility, whereby we receive partial operations‘of

our FRSL station for CRT display and decision makihg prior to Con;in—

uing the classification programs.

3. 12-bit analog-to-digital converter. :This was égrf of the
system fast year but was not described in anyidetail. It allows us
;b rapidly transform ana]pg signalsvto dfgifal enbodiné, such és
thﬁse obtainable from tﬁe scanning microdensitometer, Forvsubsequent

processing.
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L, IO-channel>analog multiplexor. This also was a component of

]ast'uear's system configuration but was not;described‘in_any,detail.
It permits us to co]]ect signals.from uptto;ten analog devices any one .
ef'mhich can then be seTected for processfng via computer control,
depending on the objective. For fnstance, it isdused forrthe potenti-
'metric‘decoding of the X and Y position of the '"joystick' device
described next.

5. “Joystickﬂ;position controller. This is a console device with

computer decodable-pesitfon‘analysis and pushbutton-functfdn generator.
It is used to locate or select data from some loglcal output device

: (usual]y a CRT devnce) It WIII ultimately be used in general graphlcal
appllcatcons as well as for tracncng sample selectcon of coded lmagery
for transmnssuon of coordlnates for our pattern recognltlon routlnes

6. Scanning fllm mlcrodenS|tometer. " This is roughly the(same

device'asdlast year‘S‘report'deSCribed; but with,a number of needed
improuements. A commercial movable stade was purchased te upgrade the
positjenfng aCcuraCy. Improved circuitry_was'a[soiinc]uded in this new
. version'Such'that sampling rates for film densities are:approximately
2000 samplesiper second, a ten-fold increase. over the old system. We
have also |mproved the llght source to 1000 watts intensity. glVlng us
|ncreased sensnt|v1ty at the darker densities and also yleldlng a.more
B de5|rable color temperature for denSIty analysis work

7. Punched card reader. This is a hOO card per mlnute card

reader and is now an |ntegra1 part of the system as an |nput devuce.

The hand marked reader option whlch we orlglnally requested was found
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to be unreliable and hence was deferred until the manufacturer could
resolve its deficiencies.

8. Cassette tape read-write device. This device is essentialfy

as described in ]ést'yearjs report. An additional read onTy caséétte
device has been added for use in cbnjunction with our FRSL gfbund
data éb‘léction system.déscribed elsewhere in this‘rehort.

9. High-speed paper tape handling. Both the paper‘tapé reading

(300 characters per second) and péper'tapé punching facilities have
been imp]emented'on the system in the past year.. Thése'faci]ftaté”
prinéipal]y thé.assembly and recording of progrémm}ng routineS for
"local station operation. | | |

10. 1.06 Mbit disc. This device just recently has been added to

the system.and as described prévious]y will function as a high-speedﬂ
image storage device as-weII as an "interim'' data manipuiafion and
storage fécility during the patterh recdgnition studfes using the :
.traﬁshiSSion links. | o

11. Storageltube'CRT. This is uhchanged from last yeaf's des-

cf}ptioﬁ. Up to SO;OOO addressable coordinates can be referenced on
the screen, which makes it a high resolution device for pictorial and
graphics applications.

12, Harécopx,unit. This device>Was added as a means of prd-‘

viding I"hardcopy'i‘ printouts. of the material contained on the storage
tube screen. The several illustrative examples included in this

portioh_of the report are copies made from this device.
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13. Color videé ﬁbnitor,. fhis is an aﬁditidnal.outppt.device~
whfch w0(ks inACOnjunCﬁion wi£h some of the other peripﬁeré];. ‘!t is
proposed to- be used in-é-multifimage subsystem as the primary display
uhft; We have.as-of this pfinting onfy iﬁpLemented:a.singie:channe]
_coﬁfiguration. We have redefined the three:chanhel syétem-in our
"future pfoposed research' section, where ff'is déScribed in more
detail. - fhe hardcopy unit will be modified.in order to permit pic-
‘térial information from the face of the color monitor to be copied
aé well as can now bé dbﬁe_from the stdrage tuBe device.

14. Colorizer. _This is a special unit used in conjunction with
the closed ;ir;qit vfdeo.sussystem for_addiné colors to linearly'
sliced densjty,infofmationv(grey[evéls) detécfed'by a conventiqnaf
vidéo camera. . Six levels ékg'sliced with‘each of three or more

. slices being assigned a discrete color code for display purposes.

ls. Memory scah'converter. This is an additional special devicél
uséd in conjunction with our.bfescribed»color display qusystem; The
unit sefvés_éﬁ,aAréad/wEife>sforage_membry Unaeﬁ csmputer.contrél_
~with subsequént reédout to the coibr CRTVmonitor'for-display.'

16. vao,nine-track-magnetic tape drives. uDuring the past year

an éddftional,tape drfve was.added‘and both éontrol1efs were jhple—

mehfea to Bg industry'compatfbje. Tape-to-tape and duplication )
.routines are avaiiable for oufside usersApossessfng nine-ffack com-

o putfng‘éapability.. A]§o, this conffgurétiqﬁ is ideal for EkTS digital

‘tépe formats and our own computer-word length specifications.

120



B. “Operational and Research Use of the System

A number of different uses of the system which have occurred in

the past year (some of them implemented by non-laboratory personnel)
merit-discussion here Because of their related application to our own
interests. Several of the ''outside' uses of our film emulsion digi~
tizing.facilities were ‘made by graduafe stUdehts'dding exbérimental
studies leading to doctoral degrees. One such study was conducted
by a graduate student in Electrical Engineering whereby he investigated
the power spectra obtained from scanned aerial photographs of the
spatial distribution of forest plantations. The’étudy was terminated
as the student abruptly transferred from our.BerkeTey campus to work
with the image processihé\staff of the Unfversity of Southern California.
His efforts paralleled in some degree those which we are currently
engaged in, as described in a subsequent section of this report.
We are continuing4our‘investiga;ions of "signal variation' as an indi-
cator of spatial texture (which is manifested by spectral changes) for
the purpose of derfving statistics which can be correlated with known
_gfound conditions. | |

A second study o% thi's type was conducted (and completed)'by a
doctoral candidate in the Sanitary Engineéering department of the
Engineering School of our campus. Here'the objebtive was to develop
an impréved technique:for measuring the.dispersion rates of dyés
injectéd in artificiél chahﬁefs. The teéhﬁique was one incorporatfng
precision photography and film denSity extraction. Tides fn the channel

were simulated and dyes injected at various tidal states in order that
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_séquential images couidlbé takenbbf the state of the channel, and
Henée tﬁglrate~of dye dispersion. The next sfep will be that of»-
re]étiqg the'fihdings ta actuél esfuarie§ in order to improve the
_méthédqlogy-of mgnitoring pollution spills:and sp}eads thrdugh the use
of }emdge sensing data. Tﬁis effoft constifhtes'bart of,the labora-
tory's prdjected plan for the ﬁoming ycar."

Sevefal other examples of outside uée of oUrAequipmentAénd faci-
Ifties.could be menfidned, but the,tWo‘cases juSt.cited are most
relevant to our own intéfnal reéearch-studies. ;EXamples of.“qutput“
from the firsf Study-arelprgsenfed in the illustratfon section of
'zthis réport._ - |

| Our éwn researéh,use.of.the ;yéteh eqtaiis m;ny“varied'app]icé-
;ioﬁs, dependih§ on the compOﬁentS specified.f.The_system is configufed
, such.that image_proceé;ing c;n'be peffqrmed.directly from digital
tapé iﬁputé; oF from digfﬁally rédqced image§.through scénning”prqée--
.durés._vlﬁ the first case, for7example,.ERTS-A tapes. arévén;icipated
for analy§is ét.ouk facijify employing varioué aﬁtamatic'énd sehif
'automafic teéhniqueé. The patférﬁ‘recognition roptinés from LARS
A(Purdue) are.adapted to our'CDC 6600'compdtef fécilityfthnqhgh which
a térﬁjnal link is estéblishea fot,greatef ihteracti;e uses. ,Specific

examples and results are discussed in the following section.

- C. . Pattern Recbgnition'Studies Status.

Our battern recognition, or feature classification, studies are

‘ ébntinuin§“aloﬁgApafalfei paths, namely (1) modificatiqn'andeEe of

122



routines derived from the LARS_(Puque) facility which are based upon
"point cell' classification procédures, and (2) investigatioh.bf the
technique of using ''textural' information as well as Spectral-infofha-
tion as an aid to~autométfc data’ processing. Our-ultimate objective "
remains that of investigating the means whereby spectral and textural
data can bé combined to facilitate feature classification prbcedures.-
The result is expected to be the achievement of an increased classifi-
cation accuracy as well as a more flexible classifier routine for
non-agricultural terrain features.

With respect tb spectral data classification during the past
year, our efforts have been the adaptation of the LARS pattern recog-
nition'réutines~to two separate computer installations. We began with
a modificatidn which allowed the routines to run at our campus computer
centér facilities (consisting of a CDC 6400 computer). We were forced-
to change our.plans and to adapt them again to ‘a..larger computer
faciTity,'hamely the Lawrence Berkeley Laboratory's computer facili-
ties (consisting of CDC 6600's and a CDC 7600). The change was neces-
sary for two reasons: Firét,'fhe beripheral'disc storage and its
management at thé campus facility proved to be inadequate for our
requirements, ‘and there was little prbspect'fof imprdvement of this
situation.\'Sécond, the 66mpletion of remote términa] facilities to
this coﬁputer was. procéedjng at ‘a very glow rate, even to the point
wheré_the entire concept was_Fhrea;gned. ‘A.rgmote terminal capability

is essential to an effective pattern classifier system in order that
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human operator decision*making cén be effectively incorporated. The
6niy alternative to an effective "automatic' classifier programiis
to have a dedicated Iarée scale computer:system which, of course, is
prohibitive to most research facilities (énd certainly to 6qrs).

| Thus, we are presently at the point of'testing.ouf new communica-
tion iink.io the Lawrence Berkeley Laboratdry and'expect to have this
capabiiity coﬁpleted by the time this report is brinted. The programs
have been modified to run at this new facility just;as they had been
for the campus computer'ﬁenter{ Now there is ﬁo shortage of memory
Storagg.faciiity, however. The routines have been adapted to accept
input not only from digifizéd multichannel s;anner records but also
froh digitized aerial photégraphs.l Our present activities,'e;peciéiiy
in feéfi%g-the éommunicatioh link, have relied upon digitized high-
aitityde aerial photographs of’agricuitural dataj

| We have develdpéd some ibcéi rpuiinéé thchipermit considerabié-
pre-processing and data reducfion_to‘bg acébmpliéhed; Some .examples
of this capasiiity.are presented in Figures 5.2:fhf0ugh 5.6. Digital
density slicing is.demonstratea.és‘one means of enﬁaﬁcihg continuous
gréyleQel information in a photograph;'iThis'faciiity combines the
mechanical aspects of‘autOmaﬁica]i;_digifizing dénsity-ievéls and
ietéraing them on magnetic tapes with theiéttributes of digital
display which‘aiiow an operator to select how he wishes télview the
deﬁsity ieveis on the‘CRT devices.. He‘tan_hanuaiiy slice thé
digitized greyigveis into Whétever aperture.seieCtions he wishes for

the purpose of isolating a particular feature (if possible) or

124 |



-9bed Buimo|.|04 DYl UO UMOYS S|

921 |S @yl jJo 3(nsas ayl .Emum>m ay3 jo mou_>mv (213sAof,, pue Ae|dsip ay3 ybnouyl Aj|enuew opew s) 33||S
: 9yl ‘s493ndwod 9bie| jo pie 9yl INOYI M SUOp Sq UEBD YdIyM UO|IED|}|SSE|D 2INIEed} JO Wioj e se ,,35|d
BuiylAaaAs,, woij 94n3ead4 JI9]1EM 3y 9OUBYUD O JIpLO U] SIN|BA pauueds dyil ,, @21 |S AJlsudp,, 03 Sem dAl}
-29fqo ayl ‘susay -jewso4 [EB1103D1d Ul paunsesw eade Iyl S[BIAL uollesisn||) Buimoi[o} BYyy 9IS 3ISIYL
A11s3104 9ye7 syong ay3i jo uotjusod e Bujuueds wouy pauielqo saliisusp |ed)1ido jo wesbois|y z°G nbid

R

INEN NS EEN]

125



CX )

PSR AS
& .

5000000y U

T T T P P R R L L PR R )

of o o St T e eoeweaweww-w
O o I
P ww—w- rollmmvmmewea()

- -t -
e mww - |

1
[}
]
t
i

>C

P e L L P

2
N

Wmmao@omm

- - PRS- B -
B OGP e -
- - i an > -

Dttt ctotdad
“ D e et
o

ool N

O

S

sadiiataert i

<5

LER T 2P L L 22 Rl S it L R e L o
5 .- L T P P L T P R T Y et de et e L L L L X P R P e P T e I

B ettt DL L P L L 2 P P S L LR P P R L oL PR Y b e L P T L L Y0}
ittt sttt ettt ettt ittt i ittt © ettt Gttt =ttt
ittt B L L P B R L L E R 2 P R L L L L L E L 2 SR LT L ST LT Yol g L REp T o B R Y
P My D D > > > A P D D D D LD A WD D D D P T AP B M D AP R D D D Y P -t -

6o
(&}
o
X D R e L L T P e L i L T L2
M."--‘-ll"'Jl"iIl1||'\||l|lll.“l“‘-‘ll‘{‘ﬂlﬁ‘l‘.CIO"O"-I'IIC‘.'-'-" )
i3
Y
M
[4
[}
°
L]
o

f

&9 OO O I ©OVOC OV PECTD.0 T

COCGOEITT0 OCD O 0 oIRZOO0 D0 O Q)

0 0 CVOCTNO O

SO0 0 SO BOOCT0

[ Jow o ot > oo i -

PPN A W B W - P " - D P DD P P P " P
X cnvonmsom oo rrvarevnmrrsnr oo sovwe(|ensQOrvewonDe
M.ﬁ S t-t-tutat i Lkl L L L L LA E LA L L PR St Dl Lol P AL L LRI LT el YoL L Pl 2 B R L e

- LT L L B 2 2 2 2 2 R B P X B B L g R R L P
QX et e et d 8 L T T Lt 2 TPy D

w Pl T R L R R L T L L T Lo

* Oercwovwecvovnvore rvovaelrorvaweosvorvrdererrmer vaen o w.o

R oraccevrrrcma s mrre s osuravcemmcsrrcvosoomen e v onewes()

mUoNarwrwriPprsonvavswsme( oot ercacsnnmtacrwet oo aee o -n---O
e Comr v e ta O oo w S PO P>
florvwworswwrsovwewa(jeoows

02000 CCDO LRI PO 000 0
SO0 0

& OEEDLHTTTD 0 O CEICTHD O OO G o OF
CETETToD CTRCTT

© T & O EDETTR COOLOO CORICTTT=50X

o0
0O
[oded

OGP POV OO0

O GT=>

C O COOOCHO oD O oeOT0 oomc::ocaoc

: sl

I m |

il .mwm .wwmmm i m s :

et sl it

gesidbisiissittedss Wm baceeosiniolessan Shob)

2pOgpoge o ommmoP,md | A olls ,om 8 80
HITHHHHRR I TR R g8
S R ERT I T T jes
S I LSRRI ELE T e H A K
emmaw%a?oo?oaaocooooo ©0900.0 99090900 000 ! Cooneer

00 CCDO T 0DD =0 STTLID OO

5.2 and

igure

icing up

The result of sli

5.3.

igure
disp

F.
t

‘the histogram of F

ing the enhanced features is presented in this figure.

isplay

. The selec-
is done manually at the d

icing

ints for density sl

lay
ion of breakpo

console. and can be read
culations of each sl

Area cal-

ly retrieved by this method, el

ily changed for additional displays.

ting

fmina

ice are easi

any need to estimate percents.

26

1



WD o e e 6 PR B ® P Bt e o T ———— S P P e A P O P e D P B T W - .-
Boovoconavneonvas >t LA X T LY LY PR REEEEFFELEFYFP TS LIPEE L E L L L L LA L Xy il -dd -t -tatttntuhadatoad ]
Spomwonconsvennn frvaracncnrmencvrarcmtnn e - - - wn- cowavsvvsonosl e PR
B m e e nan e oo rco o pn I an womn e r Brdewse ot e ®w o @ = W o~ L X 2 2 2]
e rmm e e we -

-

Beomavenvrwan "] P peeguipipnis Srpuiaihiainn e dipasu -3
4 14 epiegepiuiniuiuiptet-4

[P PRGuP T Pt PPN puppupugspuguingui iy
n'lll'll--l'illll'-'l-!‘ll-li‘.’--l- owessrovomons
-

-
Crocvaccalans -

PomoasncnmnnneconBowe L R L L L L R R P TRy T3 L) d D - o
.l--ltll'Cll.!!.‘.llllll-ll'lilIll'lllllilIllilllll-l.l.
PunonwrconwBroecrrncrrvrr v s rrr e n v e vmrcrd nm e e rmE e --
PuaccmrovnmcwoB@aovecrrrrsancrnrmren e cnnwrarac s m e A P P m ey - mEe -
Vo awwwe s w w e " o B AR G B T ST " - .o ——— P W

P g by~
el

BomrovvoweoeQ el r ot e v m e o v e e v mr D LN e, .- - -
et e 2 B - -
W cnsrrmaaneor af e oo v e e - . - 0 - . P I — B
B o o " . P - - P N~ W m - . " .  W -  - -
et B R R T T L P e 2 T 2t T
e e e e e Y e L
B o o o P R B PE B S P, E M e T T W P T WS T ww S oSS o
e Rt T ppuI Vg R APyt gt e T T T4 [T T -
bttt e etk R T . L ey e T L R e add
B e o o o ot B B B T P B P T o P P A e > e P TP vm e e e o P D D D e A W T B 2 I W em
B e e P e o R A e e N A TS . E - - P T E . T - T e . S W . T e e E, ., C T E-. -~ -

WP e 4o o o o e P AR T e T D AR L T L T . D W PR R P P AT AP R D A At Y et AP I P O G - - o
B L L L LR L Tl R Rl ket T L e it it £ Cadd L J [ 1 1 R R T 2
Lt R R R R R R R L L L L T Ty B e L b L S
L LY P PR Dbttt el e e P - P - B B G- BT W oo -
P - B~ w - g - S e et e R
B e i B o B B e D R P - T - o~~08 cef-@Porrcocvovmsmssnmrrscnnman-
B > - - - B T T - - It 2T B P L L Ll L LU T T TP R
W s 0 P 0 i ot P W B P P D = YDA A e A g 40 Yy [ BT el L LT AP X
TPt o o v oy v o e W - - - - " A - B A D p W AP e b S P B e O ~ P - L T L R W
e e R il bt T L PP T | .ll.l- P LT LR LR R LT PR dated
Lo T Rl R R i e LR R - R R Y R R R et

D e o s e Y D > - - P

B o = P P Dl B A - - - - . - - - - - - -~ - - - - - -
U oo A W T - -t an P a -—— -
L. oL T L L A L L L L L

DR T X L T ] I e R el Rt P
crrwonveonscvcswarveervafricoccorvoncacneccasanmmeew
WD e s ap r e L YD YD I - P P D A R P - - B R L e R e el R Tk X Ry R R
D et e e e P e e o e B e o S WP P - 1 - P " W o - > - - -
B s or o v 0 ot P S D B T WL WD D O B D e B e e P e D B P S B A Dt B S WP P Ol D VS D Wl A A >~~~ - -
B oo o oo @0 e o AP T P D B W ™ Y P e A 4 R WP D W D Ny - s -

P e @t B o BT o D A VT D D - - D PP NS P G D > W PP PR LY L2 x 2)
orwoacsvereeoas

L ettty L L X T Y Y L L T ¥ T Py Y

Lttt DL LR 2 L L A B 2 L L L P R 2 L L R N e htate dad
D ap oo o8 00w o o0 o 0 P e P e > D T P W T P P W A > D T O T W D AP AP B O O DN D P W

L ¥ PR e PR TR TY LE LL T Yy
L L L T L P P Ry
Boarovoscvnoddvemmanto o
L TP e T L P L T

-
- : CE X P A &L A & £ R L & B F B 2 T & L X X X F & ¥ 1 ¥ R 1T X 2 ¥ J
T VU A,

tc|'|00l||||l)1l|o|||lln_

[ P R X L R T

PouosvnaswonPoverapmmamew

L L TPy P L L P EL Y 2l
Hoaveonaonwngren oneeows -
[ OT TR PRy P P L X2
Dy v ot b e - e W B e At >
[ e ettt

L T Y L L L T T 2
- L O O Y TP L P P L Ty W P
P B

- P L T L L T D
Pooromnmoe oo

L L T T e e e Y TP B
b T

L Y e L e T T 2 P T D T I N P > T T T P Ty v - Ll Sttt 2T 2P
Dttt et L L L Y Y T L P P PPy P Y T T L 3 T XY X P

Porafreo =
Po-~0068 [T L e e e L T T P R X L L ey adadn TR TTTY T
]

Vossmevevmnrwosamovan=al)
Wi o ct s s o =t D D s 2 D i P &
o

- A D B D W O D P D P A DD BB DD E
[ o L R et e d s L D 2T
D T T e e
Ll Al Ll 2 A L L L2 4 X X L Ll & & J L DL L L LY d

il
s

R -
B R RTLY

@ P, D AP e SRR W T IS BB WD B P D DS -

B Y I R O el Lttt L LR P
Bt o a0 40 > s AP W B D P O W o W R e W WS P Py "> - - e - LT T TP YL Y P T X T P

In this display, mature alfalfa f

figure 5.4,

iques.

The scattered

techn

icing
lay.

.

ty sl

ields are isolated (enhanced)

le dens
the above d

imp
in

hted
ht hand corner are comm

from a single black-and-white high altitude photograph

(namely, Pan-58) taken from the Mar
ta :

for which

hii

Ttural crops through s

ields were correctly h

from other agricu

All f

isp

19
19

19

cells appearing in the upper r

display was made

This

lon errors,

-

1SS

te

Ttural test s

icu
d truth catalogs.

County agr

icopa
ive groun

in comprehensi

we matn

127



L.

’ 9519 BUIYIAIoAD WOL) MOUS D1B1IUSID341P O} S|OqWAS
oM} >-:o fuisn 3|nsas |e1403o1d 3yl s|eaAss 9bed Buimo||oj 2yl uo Ae|dsip 3yl . .co_umoc__mn Aaepunoq
mous Jo sisAjeue ue uy ,,9s|® BulylAuaAa,, woay paje|os} 9q Ajjpeas ued mous jey} asjwaud ay} sijsoddns
9AIND 9yl JO 9.N1ONJIS [BPOWI] BYL °"MOUS Y3IM paddAod A[|ej3sed s} yaiym uolbas pueipiim e Bujuueds

wos) pauieiqo welboisiy @yl umoys si dAoqy ‘sonbjuyoel jo A3ajdea e ybnouyy juswedueyud sii dlel
—1{1oe) 03 se yans sy Asabew) 931||91es pue apnifije-ybiy uo mous jo aunjeubis suol sy -GG °24nbiy

128



‘

v
i
Vi@t e

L
()
[}
LK}
by
(W}
(]
A
[}
(K
[
[N
t i
'R
it
t
(I
(3K
[}
[}
[
| SOCDEDO
L]
o

= e N

ﬁz .3“, 1 A_ x; _ _ |

[ N]
(NE N
1Lt
[N}
IR
Lt
LT
vt
[N ]
W}
1
(W]
[N
10
i
" '
1K) ]
Pt '
te \
[N ]
M ]
[ENRN
(W} 3
Tttt
[AERR]
Ly
LR N |
(NN
N
[N}
[
t
]
\
1
1
ot [}
A L]
i {
) ‘
] []
1} ]
1
\
\
[
o
{ WD
1
| SO
e
e i
A0
oW o
{ e
]
roce
et
ot
COOOT
D0 9B ORY
)
<
U | GO SO
»oted
e

e ————— 1 U i - ——
— . et - - " - ————— s I’ S e — - Q- —=@~- -y~ -
= Ty v 1 P} e @ e v ﬂ«x.«)‘I -
ot ———— —m————— - ®o--- N 7 P Y PR -
=4 S e P Y 1 - - T -
g - @ IIIIIIICIIII Rt IITIITIIIRECCS Z ‘1;l»(«-»a( r
. Iz - TIIIIIToooBRcCC ] pibe-bsbet 14 |
r 1 . T ey T P § Py - - o-9-- s [ R
- e — e ——————— .- ———— -8R0 8800 0003000888 =~-~ - - pASR
zTiTIIIzt et | 3] { St - aoii: 8
e e e R 11 - - - -
. e ———— - ——— TS Y=t pup i PRI - .1‘1
1] 1 ittt §ooIedis SFT Lottt | Chpha LLL 11111
s !ll\l. 8- - -t PUNEMIDENRNINY PP PRS- ~w-8@
e e - ———— - ————-~ t\. L | T pepapepeppy] l\tuttullltg
.1 PSRRI 2 1 T 1 11 T2 ptpiien e - -~ - - - B - - —— - =
) - St 44 B T T ] D pupup [ IR
llolllllllltlu!\ vmrr - B L T T R PP USRS - 1
Qlltlll\llt\lltl\l O X ey . Lo T T T D P Uyt FEppaisy e Syt 8-
PO RPNt - ! LTIl PUNpENE PN N U 21
o - o o - - > cvmmflr et s .- - lllttlvlllllll
-’ - A " " o W eGP m - e wm e QB - —— ——————
e Y ——— Wt - - - llil\lnlltlrll
v "o - v o 2t - Bre-f-mcommmo
.\|l|1|llll|l|Illllllltt\\i - P T
Q\Iclalitiﬁlitcl|\|l\||!! JEpEPE 1 PP

s S P tmen St o
et e S oo

ee
521
-——
i --g vt s o - -
1Y ||t||~ PRIy YRS 1 T e
: -—— - U, SRS | )-QEEOR GRS
-~ “il-'l“ .-nl"“'ll-ll
- T | 2P - s o v et — .- —————
b é 0- PO | DI pupvis 00---~ .tr&llllll|ll||lc(||-|l||
) PR 1 PR P-4 -2 PO TSGR
2 P . P e Y 12 l(l-.- Lk e A R b
: B Y P21 vmeccffercrvomnrcononcen
R lidltnllltlnl\Atlltltkl.l [ oy lltill P
. - 2 s PR -, !ltll. cm— e w
rvammoon - .i-l- -t ot > Wt ot s o
4 o i\li - “eweavamncenanwe
~ O= = Prveacfencvocs
; -~ AU, U
: 22258 ‘||.- -.--‘--
i 21| L e
- |cct|||
133 ..unun-l-unl .-nll-nl

“q‘b“%‘f"’“

it
Other-

display was
f "'SNOW'" when

is
ion o
| thin the snow boundary
d by scattered tree shadows (about 5%).

d, the ability of a m

enhance, through d

successful.

ing wi

densitometer to detect and
a feature such as snow proved very

ICro

"The light toned symbols above denote

snow and some of the darker symbols appear
129

1 photograph from which th
iques,

igina

tal techn

ligi

th the or
tes excellent results for the detect

Snow vs. 'everything else' is depicted in this illustration.
ica

ind
t obscured by tree shadows.

ison wi

are commission errors cause

wise, as expecte

Figure 5.6.
A compar
derived

IS nNo



énhancing,certain features in féQor of others. QuantitétiVe‘daté"oﬁ'}
percent area by density slice ére readily exfracted ffoh thé comﬁutér
alsb. |

Not all of our effort is concentrated on the point cell classifi-
cation. Much of the current effort is direéted fowardvsupplemehfing
the spectfa1 data with spatial data infbrmatién (e;g.;'texture) iﬁ
order to fmprove the classification procedures and accﬁraciés.' In an
effort to extract spatial frequency ihformation, a-transform routine
has been developed for -our terminal/display system. The routine

employs a modified one-dimensional Hadamard tfanéfprm a]goffthm fd'

derive the textural data. ' We are applying our investigations to various

forested stands in California for which we have detailed gfbﬁnd trufh
information. The Hadamard transform was chosen in this instance
because of its low computationaT cost (compared to other transform -

routines) and its ease of adaptation_to our small computer facilities.

Thé program generates a series of ''digital ma;ks“ qf increasing péf}od 'fiﬁuw'
énd causes thése-mésks to shift regularly and sequentially in relation
to the scanned image, thus generating a series of energyicoefficients.
The minimum, maximum and mean energy'coefficient§ are computéd for
each scan line and avéraged over several scah lines taken.frdm the
areavof'interest within the image. 'Finally, these coefficients are
cérrelated with other data derived from the area.of interest. For
timbered aneas,.for example, these ianUde.bercent érown'covef;vbaséi
afea per acre, volume per“acfe and crown diaﬁeter. Thevobject}ve of

this effort. is to develop an efficient technique for scanning aerial
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photos which have first been.ﬂtimber typed"! a§ to homogeneous[units by
manual interpretation techniques and to subsequently derive energy
coefficients from each type which will automatically yield the kind
of informatioh‘the forest manager is interested-in: volume of timber,
for example; in each category typed. |

- Thé computational procedure is quite straightforward, requiring
only,additiqn and subtractiqn operations.  In order to demonstrate‘the
procedure it is easiest to consider a pseudo-matrix of +l's and =~I's
whfch are multiplied by the data scanned from thé image. THe fol]owing-
diagram shows thé p§eudo-matrix which would be derived from .the compu-
tatipn‘ofrenergy'coefficients for a hypothetical scan line consisting
of'eight:sample points::

Pseudo-Matrix

+1 ?I +1 -1 +1 -] +1 -1
#1041 -1 a4 S I
-1+ +1 -1 -l,: +1- +1 -1) ‘Actual.Scan Data
+1 o+ +1 +1 -1 -1 -  -1. X [4,4,2,2,2,3,3,h]
e I B B B I A B |

-1 =1 41 #1414 -1 -1

-1 -1 -l T R L e -
Energy Coefficients
o= [-2,2,0,0,-4,-6,—4].
As indiéated by Fhe last threg cogfficients; ;he energy is greatest

using a mask of longer period. When used on actual data, scans. of ]28,

256 or‘5]2'points in length,seem'to!be'the most desirable. The
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| inter-point spacing feﬁ the images we-are ﬁeasuring is set for one -
toltwo foot ground equivalent distance to insure extractiag several
values per .tree crown.

Preliminary results. using this procedure hate shown that there is
a signfficant:correlation between the4energy coefficients derived from
‘scanned fmages exhibiting varying tree spatial densities anq ground
recorded basal area parameters for these various tree spacing condi-
tions. :Th&s, it appears likely that we will be able to:develop useful
'textural signature'" responses through the automatic scanning of
imagery which has been manually timber typed into homogeneous units,
-1t remains for us to test the corre]atfon of energy coefficients with
some of the other important timber stand parameters, such as volume

and crown. diameter.

D.f' Status of our Data Bank Storage and Retrieval System

We reter'to our data bank storage and retrieval sYstem as MAPIT.
This system is esseatiallf “operational“ from a.ueers standpoint.l:As
w?th all data Eank systems; the single most time codsum{ng aad hence
most costly aspect of its develepment'ié_the aseimilation and reduetfon
of_soufce inauts for'digestion by the computer into a series of
nprpfiles“ otu”maps“ | 4 |

MAPIT consists of a packaée of FRSL eomputet subtoutines that
enable the effIC|ent storage, retrieval and updatlng of one or more
proflles of “resource“ data It is wrltten in FORTRAN IV and COMPASS

and was developed for use on the cbe 6600 computer at the Lawrence
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Berkeley Laboratory. The routines are comprised of several mapping-
systems which -are commonly used in practice today, with the best
features of each being incorporated into our version in'order to
facilitate the handling of ‘a more diverse set of input profiles.
"MAPIT relies heavily upon the usage of mass storage devices (i.e.,.
disc;'druh, magnetic tape, etc.).

A profile is the result of translating triplets of data into -
spatially oriented X-Y pairs=thrOUQh‘conVentiona] coordinate reference
and an associated "Z'" value. For example, the topographic map con-
forms to this set of requirements by a translation of XYZ triplets (i.e.,
Tongitude,llatitude and elevation) into XY pairs with the Z'value coded
as a contour interval. Many maps also have additional information
superimposed upon these three elements, such that Z can be thought
of as an open ended populatlon of sub elements (21,22,...,Zn), all of

h|ch denote a dlfferent " ttrlbute” or cond|t|on associated wnth its
respective XY pair. By virtue of this conflguratron, it is falrly
easy to represent three dimensiona] data in two dimensionsr 'Due to
the manlpu]atlve characterlst|cs |nherently aSSOC|ated with MAPIT'
subroutines, it is also falrly easy (and often desnrab]e) to not only
"take a look'' at particular stored profiles in their original state,
but also to create ''new'" data files through the comblnatlon and
correlatlon of exnstlng proflles

MAPIT was concelved to operate wi th data whose X and Y coordlnates
would reference a partlcular ponnt on the ground and whose z coordlnate

would represent a particular attrlbute or condltlon at that point.
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Thus, MAPIT is particularly well-suited for ﬁse with data from maps,

~ photographs and related remote sensing imagery and true ground annota-
tions. Conceptually, then, MAPIT consis;s of a box with bérticular
width, length and height parameters, any element of'whichvcan be
absolutely referenced by fhe abprobriate XYZ triplet data. Each Z
profile is itself a map of the condition or attribute at that parti-

cular height within the box, as depicted in Figure 5.7.

" How. MAPIT Works. MAPIT takes an aréajwhich.js defined‘by the
E Osé;vah&;dfyfdés it into “éellgh.: The shape of each cell aﬁdAfhe éEEE
ff’répfesents in true ground equivalence are a function of (1) the
resolution in both the X and Y directions of the device wHich'wiL] display
_the mép, (2) the scales in both the X apd.Y dfrections at whiéh-the
area i§ to' be mapped, and (3) the dimen;ions in fhe X and Y directions \
of the area itself. | -

For é given display device, the area represented by each cell
(which in turn is represented By avsfngle symbol on the device) can

. be treated in one of two ways, keeping in mind the.following formula:

_ RFD(X) - RFD(Y)
Area = RESTX) -~ RES(Y) where

RFD

the representative fraction denominator (1/scale)

the resolution of the display device (divisions/unit of linear
measure) .

RES

The first method is to make a map with particular X and Y scale,
‘allowing MAPIT to compute the area represented by each cell. This
method allows .the user to make a map at'a'desiredAscale and produces

such a map with the greatest possible resolution on the diéblay_device.
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 DATA BANK CONFIGURATION
o g-oAcmAL TERRAIN To BE CODED!

OFILE #1.
A

.'
3
v
>
4

-
sPROFILE #2
PROFILE # 1

METHED oF STORING CODED INFORMATION =

Figure 5.7. The data bank configuration is -shown above: in conceptual
form. The text describes in further detail the potential usefulness.
of such a system for combining Aprofi‘les"to"'assi'st in-the decision-making
process. A hypothetical example is discussed using actual data con-

tained in our FRSL data bank of ‘a portion of ‘the Bucks Lake Test Site.
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The second methodhjs to keeo the area represented at some desired
Value, and manipulating the X and Y scales to attain the desired result.
Thi's method may resultefn the use of oddfba1l scales and an odd-ball
Siied map;~but the map will have only thevarea resolution eoecified by
the user. MAPIT works well with either_method.

After the cell size is selected, the total nomber of cells in the
map is determrned,_ The user specifies e.series of 2 valueebwhioh he
wantsvmapped, as weli'as the number of smaller subseries, or slices,
rnto which he wants eny‘farger‘set divided. MAP!T then assigns to each
slice an integer-code, ranging,from 1 to NL, where NL = the number'of
slices, (Zero.{s.reeerved for the special uee of reoresenting back-
ground values.) MAPIT then determfnes.the mfnimom number of'bits-
(bfnary dfgite).needed to'represent “in memory, the entire range of |
codes. NBlTS Log(NL+l)/Log(2) and' is rounded upward if it is not an
integer 1 value. For instance, if NL = 3, then NBITS = 2; if NL = 7, R
then NBITS = 3, and |f NL = 6 then NBITS = 3

lf MAPIT were to-assign to each cell of a map its own word of
memory, this computer mapplng process would be qU|te snmple However,
since a computer word in the CDC 6600 contalns 60 blts,,lt lS quite.
obvious that when NBITS is less than 60, a terrlble waste of memory
results. Also NBITS cannot be greater than 60. . For ‘example, Nt =
127 (a S|zeable_number of sllces) yields NBITS = 7fand 53zhits of each
word are left empty and wasted. For there to beino waete;th would
have to equal 260-1,.or more than l'billionfbillion! Such a situation

is extremely un]ikely.
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To solve this problem of waste, MAPIT packs each word with as
many cells or fractions of cells as necessary to completely fill each
word. The last word may or may not be completely filled, depending
on the total number of cells. Suppose a map were 100 cells by 100
cells, or 10000 fotal cells, and NBITS = 9. The inefficient storage
method would require IQOOO words of memory. MAPIT, on the other hand,
requires only:

. 10000 cells x 9 bits per word
60 bits per word

= 1500 words -

and there are 6-2/3 ﬁells per CDC word, a cohsiderable savings.

MAPIT can accept data in two forms -- gridded or djgitized.'
Gridded data are obtained by placing a grid on the input source map,
thereby dividin§ it into cells just as MAPIT would. Each cell is
coded, either manually or automatically. These codes are then trans-
ferred to MAPIT sequentially, one row after another. Only the Z
values of such codes are needed because MAPIT generates the X and Y
coordinatés it needs. This option can be used quite well with
scanned photdgraphs. Digitized data consist of.strings of one or
, mére‘XY pairs, each string having an associated Z value. A string
can represent single points, linear objects (roads, trails, boundaries,
etc.) or patches on the'soprce‘map. Fbr single points, MAPIT codes
only the cell into whicH the data poinf falls. MAPIT treats linear
objects. by first'mappihg the data points. Then it interpolates
linearly, coding fhe cells lying on the liné segménf between each
sﬁccessive pair of points. A patch is mapped by first mapping its

string, which is actually its perimeter, producing a close boundary;
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'then all cells within this boundary are coded.
| Display is a simple matter of associatihg a particular'symhol
on the display device-thh a particular edde.-
-SjnoevﬂAPTTlis ohly a package of subroutines; it is necessary for
the user to write a mainline program. This:program need-only dimen-
sion the varlables used by MAPIT but |t can also prov1de many other

|tems which the user may wish to have lt is this feature which allows

MAPIT to have no restrictions on the maximum numbers of data points,

maps, slices, etc.

. Input and Qutput. MAPIT has two phases - Tnput and output. The
 input phase places a'maplin‘memory The output phase produces a copy .
of this map There are three modes to the lnput phase -- create,_read_
and:coTlate. '“Create“ as one mlght expect, causes a new'map to be
produced from scratch:ahd_pTaees it in memory. “Read“ transposes a
preuiousfy created map'frOm a massrstorage device and pTaces it in
memory.. I-'Collate“ is:more complieated.' It reads one or more maps,»
each from a separate mass storage devnce, 100 words at a tlme, com= "
bining the lnformatlon on theseﬂmaps through a subroutJne whleh the
‘user must'erte to fit his owh needs. The resuitThg.”new“ map is then
placed in memory | |

The output phase has two modes -- storage and dlsplay .“StOrage“

takes a map, or_any_portlon of.lt, and stores.tt in blnarylform oh,a_

E mass storage device. UDTsp]ay”‘cooieSQany‘or alT of aimap ahd.conyerts
it to a form suitable for dTSplay; At no.time does MAPIT havevmore

than one map in memory.
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Through proper manipulation of the options available, MAPIT can:

Lreate a map from scratch.

‘Store '‘permanently' all or any portion of a map.

Retrieve a previously stored map.

Manipulate all, or a portion of, one or more maps using a
filtering or combination subroutine written by the user.

Update or correct a map.

Display any or all of a map.

-The time required for any particular'problem is, of coursé,

machine-dependent and a function of fhe complexity of the problem.

However, to get a general idea of the time involved in using MAPIT,

the following times are presented. lf should be kept in mind that

these are only rough figures, based on our use of the program to date.

Compilation of the source deck ...... L-5 sec

6reation of a'new MAP tevvecnnanennns 1.5 sgc/lOOOO cells
Stbring a map on mégnetic tape ...... 0.006 sec/10000 cells
Collating 3 map; e 1.7 se;/]bOOO cells
.Printing (Display) .................; 1 sec/10000 cells/overprint

”Figures 5.8 through 5.11 indicate the possible application of the

MAPIT routines in a ''management oriented' situation. These illustrations

dépict the outputAmaps for the following set of resource profiles. The

Hypothetical problem used to demonstrate MAPIT was, using some of the

profiles contained in the Bucks Lake Forestry Test Site, to select those

areas deemed suitablie for conversion of vegetation cover from brush

species to commercially renewable pine forest stands. The constraints
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of the_problen are:
| 1. vThe maximum elevation of land which {5 tO‘be-converted must.
be less than or equal to 5000 feet.
2. The slope of the land must be no greater than 35% in order
_for bulldozers to operate effectively in the cdnver5|on.~

3. All aspects which are NORTHWEST,uNORTH»er NORTHEASI must be
rejected as unfavqrable,pineAgrowjng sites.:

4, Acceptabfe soils for the conversion plantation are COHASSET,
AIKEN or CORNUTT; alj dthers;mUst be rejectedvas being undesirable.

5. The CORNUTT soil must be on slopes thchfare less than or
' equaf to 20%, in order to minimize the risk ef erosien.

H 6. fhe Present'uegetation,_ef course, must be brush;y

x The first fiue i]lustratfons show the 'raw'' data haps‘from which
the resource lnformatlon is bU|It up: (1) an elevétion map of .the
area- on whlch 200 feet contours are shown, (2) a percent slope map,
with 5% lntervals, (3)-an aSpect map wnth Ls degree'lntervals, (B) a "
soil base map, (5) a general vegetatlon base map, and (6) ”prefile“
map generated from the raw data maps shownng the acceptable portlon of
 the area under constralnt number 1 above. -

The final two lllustratpons show the management |nformat|on
desnred, namely (7) the areas which sat|sfy all of the six orlglnal
constralnts, and (8) an addltnonal map which has been stratlfued into
GOOD -MEDIUM and POOR relatlve to lnvestment opportunrtles, based on.
the sonl type lnformatlon  The parameters noat affecting the.re1ative

investment opportunlty of a site are sonl type and SIOpe of the land.
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Since COHASSET soil is a more productiye soil than either AIKEN or
CORNUTT, it should receive a Higher priority for conversion thén the
others. Hence, the final map shows, of the totai "acceptable' cells
within the area under examination, a priority ranking of them for
conversion purposes, should selective considerations Be required by

the resource manager.

Future Research Actiyities

It is fairly clear what the direction of our research activities
should be in the future, based on ouf efforts in the past year. The
onTy_”new“ aspect of our plans calls for the integration of our program
with data which will be derived from the ERTS-A satellite. But this is
a logical transition, since this is the direction we have been aiming
at in all our brevious years of activity. Specifically, we propose to
conduct research in remote sehsing app]icatioﬁs to vegetation resources
for the following areas:

1. Continue work with the modified pattern recognition programs
we now have and for which we are completing an interactive data link
wfth-a computer facility to obtimize their use. The effort has a
two-fold objective: first, to examine the point-cell classification
efficiency in a va?iety of terrain and land-use applications; and
second, to develop some experience in the mechanfcs of determining
the best mix of man with machine for resource surveys. |

2. Continue wbrk with the spatial frequency data scanning for

the purpose of using ''textural signatures'' in a classification scheme
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és well as spectral signatures.

3. DeQelop routiheé to handle ERTS-A tapes (niné-track digitally
recorded) as a partial input to a‘sysfem of display and sampling for a
multi—Stage—approach to resource survey application. It is anticipated,
for instance, that manual typing may be done at the satellite altitude
'stage‘with supplementary scanning done at subbrdinate levels in a
sampliné scheme to determine important‘resource information for the
land manager. This approach will be attempted with the forest resource
to determine its effiéiency over conventional methods, wusing the

textural signature approach described earlier.
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CHAPTER 6
TRAINING PROGRAM FOR-THE INVENTORY OF VEGETATION RESOURCES

Donald T. Lauer»v

~Introduction

When the forestry remote sensing research progiram at the University
- of California was restructured into its current configuration consisting
of'“functionaiiunits“, it was recognized that possibly the strongest
contribution the‘Laboratory could make would be through training programs
which would serve to disseminate informatfon about our Laboratory's research
findings to the potential-users of modern remote sensing techniques. Not
only is a UniuersityAatmosphere conducive to such activities, but_afso”
members of the.Laboratory staff are professional educators experfenced‘at
Ag|V|ng lectures, semlnars, workshops and short courses. Consequently, a
fifth functlona] unit, the Tralntng Unlt was created and immediately
became active |

It is very apparent that the rate of remote sensnng technlque devel-
opment is |ncrea51ng at a much faster pace than is the rate at thCh these ,
same technlques are belng put to some practlcal use. On the one hand,
‘research scnentlsts and englneers are actively engaged |n sensor develop-
ment and appllcatlons research; whlle on the other hand, earth resource
managers and inventory specialfsts struggle to keep pace.with new tech-
'.nology and to relate it to |nformat|onal requarements wnthln thelr own
.dlsc1pllnes. Unfortunately, those burdened with the responsnblllty of
managing the world's_earth resources often are unable to comprehend rapld

advances in the field of remote sensing. This is oarticularly.true'for
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advances which employ high altitude aircraft and spaceéraft sensor systems
and automatic_image classification and data processing techniques. Yet
it is they who must ultimately decide whether the end product of this
sophistication is meaningful. |

Considering that ERTS-A will be launched in the spring of 1972 and
that the high-flight U-2 aircraft project already has been implemented,
it becomes in;reasingly important to bridge this widening communication
gap between remote sensing speciaiists and potential-”users”,_eSpesially
resource managers. Thus the Training Unit within the Forestry Remote
Sensing Laboratory has engaged in a number of activities which draw on
the teaching experience and knowledge of members of the Laboratory staff.
These training activities entail a consideration of virtually all phases
of remote sensing data acquisition and analysis. Such activities have
been designéd to (1) provide a means of interchange Between our research
staff énd "user! groups and (2) impart to resoﬁrce speciaiists informa-

tion-on state-of-the-art remote sensing.

Current Activities

The diagram presented in Figure 6.1 lists five specific tasks which
Trainfng'Unit personnel are\currently performing. These include maintain-
ing library facilities, disseminating research findings and trainjng remote
sensing specialists in adequate numbers for staffing various future earth
resources survey programs.

The documents and film libraries at the FRSL are being maintained
and updated for use by our staff, students and Laboratory visitors. The

" remote sensing documents library is, to our knowledge, the only one of
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'.Reseérch S Screonfng Tests
e for Interpreters

Figure 6.1. The dlagram above deplCtS the functional tasks performed by
the Tralnlng Unit wnthin the Forestry Remote Sensing Laboratory
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to quuckly and effncuently locate documents, and a loan flle |s manntauned?

"whereby anyone'1nterested'|n anyvpart1cular |tem, :ncludrng a'ﬁully«4+1u5~:

tratea“copy_of any. FRSL reportﬁfmayibblainaat

leerse, the remote sensing imagery at the FRSL .whlch is indexed in
a manner snmllar to that used for all NASA amagery at NASA/MSC (U.S. Army
Map Service UTM grld System),us avallable for analy5|s ‘at"the Laboratory.
We have found that the" imagery’ Ilbrary, Whlch contalns data obtalned from
earth orbiting satellltesA(TyrpsyiNymba;, Gemini, and Apollo), NASA Earth
Resources Program aiferaft'(fanaif”Zué;-teckheeawﬁéA; Lockheed €130 and
RB57), government.ageBEJes (Agricultural Stabilizat}on and Conservation
Service, Geological Survey,.?oreet,éervice, etcf),'andAprivate contractors,
can provide a means forhreview 9f~imagery by'sc}enfists‘prior,to request-
ing reproductions frdﬁ NASA or ofhef agencies. Moreover, we are prepared
to index, ana thus incorporate into thie lfbrary fagilﬁgy,Athe simulated
ERTSVdata currently being procured over‘fhe various western: U.S. regional
test sites by thevqu aircraft:sfationed‘at NASA Ames.

In addition,‘a major'reSponsibi}ity of the Training Unit is to dis-
seminate the ?eeearch fihdinga deriyea'by the FRSL staff. Fully illus-
trated copies of‘al] NASA.andedvforeeffy~reporte, saeeia{-reports, train-
ing syllabi and field tour guides prepared by the FRSL staff are available
in the dacuments library loan file. Furthermore,:in the case of most FRSL
reports, more “than’ 200 coples ‘are distributed to both natlonal and inter-
national library facnlltles, research groups and user agencnes

"ﬁlﬁfrefenence_to tralnyng, we‘arefpu;suyng;a vlgorous\prpgram involving
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lectures, short coufsés;iwbrkshops, guided field tours of NASA- test sites
and'formal training courses. We_fee] that vi;tually atl re@ote‘Sensing
trqining-programs.currenfly‘being offered are merely ”éppreciatioh courses'’,
i.e;, thoSe_designed to cbnyey to the atténdee that remote-sensing tech-
»niqdes_offer a:bowgrful_means_of making accurate,.timely,:ecohomical
inventories of earth resources. While there may be a continuing need for
these courses fo be presented‘tq,varioqsftopflevel “decision*ﬁakers”, the
major-need is to tréin the actual ﬁdoers“. Mere appreciafion courses
definitely will not prepare them to accomplish the all-importgnt‘task of
makiqg operational invenfories. Llnstgad, fhey néed to re;eive'rigor0us,
‘training in hbw_to_prodqcé,vthrough an analxsis of remote sensing daté;

a Survey of éarth reSqufcés'of the type that will meet the specific'infér-
mational needs. of the resource'maﬁager.

As in other Fofes£ry>Rémote éensing Laboratory'trafning exercises
condUﬁfed thu§ far,'all'futdfé pfogfams will make maximum use of the con-
cept of ”]éarning by doing''. Consfstént withﬁthis ;oncept,uaétual rather
than hybbfhefical_probiems'ére emphaSizéd. ,Thésé_p%obleﬁs are centered

. around theginQentory of earth ré§6ur§es at NASA ﬁest Sités, one of.which
(the San Pablo Reservoir Test Site) is only eight miles from our classroom
: fa;ilities.at the University>bf California. 'Tfaining films, field tour
manualé, and.display Boards‘bééed on this and othér NASA test.sites-which
'oﬁr gfoup‘has stuaied'during the past'seven years‘have'beeﬁ'sdcceésfui]y
' _used for training in the bast and are avéilable f¢r>future_ﬁrbgrams. These
| training materfals illusfratezvarious data égquisition-énd analysis teﬁh-
nidués-with,emphésis on both the gatheriné of ''ground terH“»data and the

extraction of information from remote sensing imagery. More“épecifica]ly,'

151



during these training programs we attempt to disseminate information on

the following subjects: (1) specific user requfrements for earth resource
information; (2) baéic matter and energy relationships; (3) remote sensing
capabilities in various parts of the electromagnetic spectrum; (4) sampling
techniques including techniques for the acquisition of ground truth; (5)
photo interpretation equipment and techniques; (6) image enhancement tech-
niques; (7) automat?c data processing techniques; and (8) techniques -for
optimizing the interaction between those who provide earth resource inven-
tories and those who use them in the management of earth resources.

With these objectives in mind, we most recently presented the follow-
ing training programs:

1. Two members of our staff visited-the LARS facility on May 5-7,
1971, and presented a 2-1/2 day training sesﬁion entitled '"Fundamentals’
éf Photo Inferpretation”. This was as a result of the request made by
the difector of the Laboratory for Applications of Remote Sensing {(LARS)
at Purdue University for members of the FRSL to aid in training image
analysts engaged in the NASA-USDA Corn Bfight Experiment.

2. Three staff members participatedbin the International Workshop
on éarth Resources Survey Systems sponsored by NASA, United Nations and
other U.S. goverﬁment agencies. The worksh;p session.on agriculture,
which we presented, was attended by more than 100 foreign nationals. -Our
presentations.-and workshop»exercises were given a total of nine times
during the week of May 10-14, 1971.

3. A one-day workshop (June 2,.1971) on the principles of remote
_ seﬁsing, was given by a FRSL team at the Davié campus of the University:

of California. The workshop was sponsored by University of California
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Extenston
It should be noted that the FRSL staff is currentiy preparing to

f'present a comprehenS|ve 5—week training course. The purpose of the course
is-to train. approxnmateiy 30 resource managers and inventory specnallsts
.affiiiated wnth_the u.s. Department‘of Interlor torinventory earth’
resources (i;e., land, water; minerai,'vecetation; and'cuitural) with

the aid of remote senSIng Max1mum emphaS|s wnl] be placed on the use

of current state-of- the art remote sens:ng Capabliltles from aircraft
-and spacecraft, inciudlng those soon to be tested in the ERTS-A and Skylab
proprams.. . | | |

In addition,-members'otithe Training Unit are engaged in several

reSearch efforts whiéhvreiateidirectiy to training people to becOme‘pro?
ficient'in appiYing'remote sensing:techniques.to'resourCe.inventory'prob?
_iems; For exampie, the testing‘of a person's level of experience, degree
of mdtiuationg and mentai'andIVisuai‘acuity.constitutes an important first
.step leadlng to profncnency in performing resource surveys u5|ng manuai
lnterpretation technlques Such testnng often ieads to adequate screen—
iing of candidate personnel and, thus, to the eiimination of poor prospects.,
E:lgr_to initiating an operationai project.' We are-currentiy in thelprocess
of reviewing-the literature relative to this suhject, collecting examples
of - screening tests prevnousiy prepared by other |nvest|gators and maklng
a_series of our own tests. These tests relate dlrectiy to the FRSL pro-
' jectS‘invo]vinQ appiications of high-flight, muitiband-multldate imagery
'to:agricuituraliand forestry'enVironmentai probiems. Once the,screening

tests are perfected .and proven to be effective; they will be valuable
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instructional material for any forthcoming training course given by the
FRSL staff. |

Lastly, a primary activity of the Training Unit is to disseminate
lnformatlon avallable at the FRSL to outsnde individuals or groups In
keeping with this obJectlve we continue to employ an '‘open door' polnc?
at the Laboratory whereby all persons interested in our activities»are
welcome. |In fact, we rigorously encourage visits by fellow reseéfchers
and representatives of user groups. We have found that during the ensuing
‘._QEscysgion we, likewfse, learn a great deal, partitularly wfth reference
to ways in which remote sensing capabilities might better be used to sat-
isfy the jnformationa] requirements of garth resource manager. |

Rather than list all those persons who have visitéd the FRSL during

the past year, a short list is given below indicating our most recent

visitors:
Date Name o Organization
1/18/7] Ta Liang ' Debartment of Civil Engineering
o Cornell University, Ithaca, N. Y.
1/21/71  Robert Douglas » School of Agriculture
: . A _Penn State University, Pittsburg, Pa.
1/26/71 Philip Slater Optical Sciences Department ,
: University of Arizona, Tucson, Ariz.
1/28/71 Art de Rutte : Department of Water Resources
: Central District, Sacramento, Calif.
1/28/71 ~ Barry Brown - Department of Water Resources
' Central District, Sacramento, Calif.
2/17/7v  Juan Pomalaza | Peruvian Research Institute -

Lima, Peru

2/11-12/71 ' Donald A. Stellingwerf I. T. C.
' -~ Delft, The Nethertands

2/11-12/71  Jay M. Remeijn 1. T. C.
Delft, The Netherlands
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2/23/T1

- 3/29/71

3/29/71

NYAVAA

4720771

4/21/71

4/26/71
6/9/71

6/9771

6/9/71

6/9/71

6/11/71

6/11/71

6/11/71

6/24/71

6/24/71

777N

WardAHendersou1;

Gerd Hildebrant

Hartmut Kenneweg
Trieve Tanner
Leonard Jaffee

“John De Noyer

N. K. Sen

Dave Himmelberger .

Medhi Bahadori

Rudy Neja
“Bi11 Wildman
- _E. C. Shaw

M. C. Liao

Shih Chiu-pu

R. J. Miravalle

G. A. Harper

J. A. Kuhn

Statistical Reporting Service
California~D. A., Sacramento, Calif.

.Un|ver5|ty of Freiberg

~ Munich, Germany

University of Freiberg"
Munich, Germany

"Ames Research Center

Moffett Field, Calif.

NASA Headquarters

- Washington, D. C.

NASA Headquarters
‘Washington, D. C.

Survey of India

' Dehra Dun, lndia

Statlstlcal Reportlng Servtce

USDA, Washington, D. C.

“ .University of Terran

Terran, lran

Aéricultural Farm Advisor
Soledad, Calif.

V Agrlcultural Extension Servnce

Davis, . Callf

University of Calffornia

~Davis, Calif.

"J0|nt Commission on. Rural Reconstructlon

Republic of China

'Agrlcultural Resources Development Bureau

Republic of China

National Cottonseed Products Assocuatlon

Memphls, Tenn.

Natlonal Cottenseed-Products Association

Memphis, Tenn.

Callfornla Division of nghways
Sacramento, Calif.
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9/12/7 J. J. Duggin - Division of Mineral Chemistry
h - : CSIRO, Australia ' '

Future Activities

Preliminarylarrangements are being_made;regérding FRSL participation
in follow-on training courses sponsored by the U.S. Department of Interior
and initial'courses'sponsored by the Agency for International Development
and the NASA Ames Research Center. The purposes of these contemplated->
courses are to failiarize federal, stafe and foreign personnel with modern
remote sensing’techniques and to prepare them for the immigént tagk of
analyzing U-2 andvERTS imagery. The cooperétive nature of these éoqrses
(which would bring together the special talents of individuals from foreign
countries, federal and state agencies, NASA the University‘of California,
‘depending on the particular course) should lead to successful training
programs. |

anally,:it is important to note that in additibn to carrying dn those
activities-lfsted.in the previous section, the Training Unit at the FRSL .
will.continue to act as a focal point inlthe western United Sfates fqr‘all
public and private groups or individuals, including students, interested
in the NASA Earth Resources Program. In this respect, we will make avail-
able for viewingvin the Laborafory copies of all imagery, provide the use

of data analysis equipment and give technical assistance to the best of

our ability.
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- Chapter 7
SUMMARY AND CONCLUSIONS .

‘Gene A. Thorley .
Robert N. Colwell
1n the introductory chapter or this annual report. the ‘rationale

is given for a systematlc forestry remote sensnng research rpogram of
the type in whnch our Laboratory is engaged The unit organlzatlon of-
our laboratory that has been developed in order to oohduet'a‘oompre-
hensive proéram'also istdescrfbed ahd a statement iS'given.of‘the types
of programs that are |nvest|gated by the Laboratory s flve major unlts,
viz., (1) Operatlonal Feasnblllty, (2) Spectral Characteristics, (3)
Image Enhancement and Interpretation,,(h) Automatic Image Classification
and Data'Processing,dand (5) Training, |
' bhapters 2, 3,-&;.5 and 6 deal; respeetiyely; with the activities
: and accomplishments ofuthese tive.dnits dUrihQ the past»year."Most of -
Athese actfvities have been‘Oriented toward'a anglefobjeetive: develop;
_ing a caoabilfty for extractinqusefol, timely earth Fesources informa-
tion from data of the type that eoon'will be provided by ERTS#A and
-‘supportlng data collectlon vehlcles .
" Among the spec:flc conclu5|ons indicated by our stodles this year
' fare the following:
“'l,' Care.should be exercised when earryTng out'a photohinterpreta-
~ tion experihent to ensure that'(a) optimum‘photography is acquired for
the exberiment, rather than using.”available“-imagery which may confound

" the analysis, (b) test images are not used for plotting ground truth,
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and (c) test plots are randomly selected after stratification of the
test area.

2. Use of the one‘wéy aﬁalysis of variance design for photo inter-
pretation experiments frequently results .in a large unexplained error
term. A factoriai design is recommended which may provide a more
powerful test. |

3. Estimates of the accuracy of boundary delineation on aerial
images. can be obtained through the combined use of boundary and area
coincidence methods. |

b, Spectra1 reflectance measurements made of alfalfa from a heli-
copter at an altitude of 50 feet (12.5 feet circled viewed) and 500 feet
(125 feet circle viewed) were not significantly different at the 95%
confidence level.

5. Agri;ultural “ground>truth“ information necessary for.large
regioﬁal surveys can be acquired 3 - 4 times faster from low flying,

_ fixed.wing-afrcraft than by traditionai on-the-ground techniques. Our
~timé and cost data also favor fixed wing‘aircraft over helicopters for
.gathering such information. |

6. Utiliiation of AN/APQ-97 SLAR imagery as a tool for vegetation

inventory in rugged wildland areas encounters severe. limitations since
the combined effect of variable topograpﬁy and the unidirectional (line-
of—sight)characteristic of the SLAR generally produces an image not. char-
acterisfic of the vegetation resource, but of the topographic conform-
ation. |
7. Significant correlations were obtained between the Hadamérd

Transform energy coefficients derived from scanned aerial photographic
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images exhibiting varying tree spatial ‘densities and their ground-
recorded basal area parameters.

Complimenting’ the research prégram, members of the FRSL staff par-
ticipated in the training of the photo interpreters for the Corn Blight
Watch Program and served as ingtructors at the NASA-sponsored Interna-

tional Workshop on Earth Resources Survey Systems.
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‘Appendix
TECHNIQUES FQR EVALUATING:FOREST'STAND DEL INEAT | ONS

Sipi P. Jaakkola
. William C. Draeger -

INTRODUCT ION

A. '.Baékground

A hap'is_a_simblified picthe.of the.;errain;.;fn partiﬁUlar,
“lf we map the nétura]'reSOurcesJof'é regfbn_(soils,,yegetatibn, land
. . : \ , ,
capability, etc.) we do sovih-ordér_fo:be able to make more precise
statements about the'méppéd Subdfvisions.éf the region thaniwe can
about the”fégfon aé'a_whofe”'(Béékétf, 1968){'

.VThree main'justifications'for‘fbrest_mapping exist:

1. Mapping for fOrést'management.puﬁposes..'Ih_thTs case,'thé

. méin function of the ﬁép is té.sﬁow thelmanagers of fhé:forest ""how
much of what -is where'. In fact, a~foresf.map is a "picture" of the
. forest‘inyentory.'_lt giVeg locélfzéd inférmatiohAabodtlthe timber
feﬁourcesAwhich ié quite'différent than afeabsumma}izétion déta which
result from.mosf foregt iﬁventorieé, As comparéd With"topographic

. mabs, forest maps describe, glassify,and locate ﬁhe végeté;ion énd/or
the timber-resources of the région,' Conventjona]1y; managgmght deci-
sionsvare based upon, or at least‘suppérted_by,_inforhatidn contained

"in such maps.
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2. Stratification for forest inventory. In most cases, strati-

fication of the forest into more homogeneous ''types'' and allocation of
sample plots to these types on some predetermined basis increase the
efficiency of sampling designs for forest inventory.

3. Mapping for the planning of logging operations. Classifica-

tion of the areas to be cut in terms of slope, timber quality and
quantity and trafficability of the terrain must be considered to reduce
the planning costs of logging operations and thus to ?mprove the eco-
nomic output of the operation.

Since geodetic con;rpl of an area in the form of a basic plani-
métric’map is usually available the most critical step in forest

mapping is stand delineation. By stand delineation is meant the

classification of the forest into homogeneous groups by such charac-
teristics as timber type, stand size, density or site type and
outlining the boundaries of those groups -- stands ---on aerial

photographs.

C]assffication of land and timber resources is an essential fea-
th?é of forest mapping. The;in;érpreter observes the resources con-
tinuously, but does not plot continuously. Rather; he simplifies.or
'generalizés fﬁe picture of the terrain by classifying it, and thus
reduées the number of dgtqils. "It i§ impractical to map in terms of
absoluté values;:sincé an infinite number of poinfs would be required
to sﬁecify éhe factor value at every possible location'" (Benn and

Grabau, 1968). According to Been and-Grabau there is one overwhelming
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:réquiremént in ciassifftation, hémel% that class ihtervals_shbﬁld be
such thét'any point selected between class 1imits introduces Oniy,an
acceptably small erfor'in prediction. That 'is to say, ¢lass intervals
mUsf.not.Beltob large or‘téo small, and itli; the responsiBi]ity of
_thé'map:ugef to determine the appropriate size of the class interval.

An tﬁe-delfneatioh process, the resulté of'thé classiffgationé
are combiaéd iﬁto manageablé.unjfs (i.e.; forest étands). ‘This‘COuld
bé called the secona stage of generaiization, because usually each
sfand size or density céfegory as such, is not aeliheated Wifhout
faking into aCC6unt the ﬁanageability of the reéu]tfng'unit; . In most
forest mapping.sYstemS‘Sﬁch.delineation is déhe by foresters. The.
>eduipmeht used may Qary from.a simpie bockef étergoscppe to'éompli;‘
cétéd éteredscbpiQ plotting'iﬁstfumeﬂts.

Ufhefe ére some character?stic_featuréslénd prdblems-in stqnd
deTfngétion;'which Shoﬁid be kept in mind as an analySiS is being .
_made.'

_a;_ .In‘delinéation;bohe classifies matefiaj'ﬁaving aiffusé :
bouﬁdaries bétwéen.c]asses jnto.dfscrete'cétegoriés.A-Th}s.charactéf-
‘?stic diffuéé.qualify is-a feature'of neaf]yﬁa]i nétural popq]ations;
such as forésts. Consequehtfy,_the.delinéat}on'may'be_arbitrafy,
evéh thougH the critefiavgiven-for aelineation‘may‘be quite gxplicit,

| On the other.hand; some staﬁdﬁ, suchAasirecently:logged aféas, possess

- shéfp‘bdundarfes'and‘are‘easily delfneafed,"Thu§,‘the;degré¢vof:;.
diffjculty for the aelfneatfdn process vakigé considerably from. one

stand to another.
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b.  The definitions of the classes to be delineated are not
necessarily mutually exclusive.

-C. The nature of the classification is often multidimensional,
i.e.,'there may be several nested classifications to be interpreted
simul taneously. For example, the Forest Service in Finland classifies
tree species ''development classes', site types, etc., but the final
output is a single map. Thus, the stand boundaries must compthise all
of the characteristics involved.
| d. The classification criteria used have often been developed
with ground data collection methods in mind, and are not necessarily
optimal when the classification is done using aerial photos. . Thus,
photo oriented classification systems, such as the one used for years
by the»U, S. Forest Service in California, are neeqed.

e. The dynamics of stand boundaries must be considered when
one is determining the photo requirements for forest stand delineation.
If stand boundaries are of a permanent character then existing photog-
raphy may be adequate. However, -if the stand boundaries are of a dynamic
nature, then periodic updating using recently,acquirgd photpgraphy may
be necessary.

f. So called ''ground truth' pertaining to stand delineations

is difficult to collect.’

B. Justification

Forest mapping has been practiced exfensively throﬁghout the

world. The methods used have varied frbm stand delineation solely by
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means pf photo infefbrététion tb'complete ground data collection.i
__Ho&evef, ﬁarticularly_iﬁ areas where intensiQé:%éfestry ngpraéticédr
sySpicion and critici§m'of photo fﬁterpretationsbof s;and‘boundafies
exist.

_Preésure;against extensive field work éhd even agéiﬁst delinea-"
tion by a human photo_intefpreter is’increasing due to inc}easing
labor ;oits..‘Becadse of_this,_several ﬁetﬁgds;of'mgchanizéa or auto-
VMétéd,mapping‘and bldtting are uﬁdef Aeve1opment. AThusiit is logical
_tq_study s;and delingatfbn.techhiques by, fir;f,.evaluatihéAthe accuracy
.Criteria‘in forest mapﬁfng procédure§ ana theﬁ,.if appropr}$te; evalu-
: atingfmethods for defefmiﬁihj the accuracy df:stand delineétions made
,dsing photbgfaphs.' o |

"- lf'map'QSérsAcqnsider that-éccuracy of photé délinéatibns are
_‘nof jmpdrtant,ltheﬁ.the‘sdle COnsideragion'}ﬁ cHoosing a technique is
one bf reiéfi?e coSt} _HowéQér,'if inéreésed.accﬁracy is_desirablg
both.cosf ggg;accuracy.determinations a}e per;inentf If.the'aCCuracy
of the bhot§'fntgrprefafi6h délineatioﬁ is 16w,:é£tén§iyé fieldlwork
will be reqdired and compe;fng méthods must be.cbnsideréd. 1f photo
:intefpretéfibn accéuracy is high, gains can be made by‘reducing thé1
amount of field work.” | .

"Thus,Adépendihgiqn the ;esulté of thisrstudy, a»more,apbropriatg.
judghent of thevfelatiVe merits of vérious foréSt stand-délfneatfon

methods should be'possible.
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C. - Objectives

The primary objective of ‘this study was to analyze foresi stand
delineation as a component of forest mapping. In the analysis, the
importance of the photo interpretation stand delineation was studied by
interviewing map users and map makers, “and by comparing stand delinea-
tion with other methods of mapping. The concept qf'the'accuracy of
stand delineation was,ﬁtudied by drawing analogies to- topographic ‘and
planimetric mapping and also by considering an analytical approach,

: némely, principal COmponént-analy§js; -Also, a number of techhiqués
used by other investigators for eva]uat}ng photo delineation procedures
were analyzed and evaluated in light of their applicability, specific-
ally to forest stand-delineation. Finally, several of the more.
promising techniques were used in an actual evaluation of forest stand

mapping ‘of a test site in Finland.

"~ THE NEED. FOR .ACCURACY .EVALUATIONS

WHen making a quantitative eyaluatjon of any_technical activity,
alnat;ral initial step is to raise éhe questiqn of the necessity of
tHe activity. Invthis case, éne could:sfart.with the hypgthesis that
stand delineatian iéxa necessary and i}replaceable part of forest
‘mapping. If this hypothesis is proved to be fa]se, any fﬁrther detéiled
quantitative study is unne;essary. Any such decisions, however, can
only bé'made by (I) the map user, whose needs theimap is‘supposgd‘to
satisfy, or (2) the map maker, who decides what technique§ will bé

used in satisfying the map users' needs.
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One way of vnsuallznng thevmappung problem in question is illus-
trated in Flgure A-1. Here the startnng ponnt is the decnsuon maklng
: mechanism of the forest manager who needs |nformat|on about the
~resources to be‘managed. The data are gathered and analyzed by forest
.inventory_and:then stored. There are many chonces as to'methods for
storing information about_terrain and stands. A conventional forest
map_has been most commonly used; however, at least for some users, a
photo mosaic with a supplementary set of imagery'might be more
-approprlate. | |
| At the next level stand dellneatlon occurs There_are_some
choices again,'even_in‘terms of a conventtonal map. The greater the
emphasis in the decision making_system that is to be placed'upon

localized information (e.qg., stand'data) the greater the costs and

N effort that can be afforded |n gatherlng such data.

In determlnlng user requlrements, the cost of each method as
well aslthe relatlonshlp between the accuracy and the cost in general
should be made clear to’ the map user, as is roughly 1llustrated in
': Figure A-2.
| The concept of-the accuracy of stand'delineation'will be dis-
cussed later in detail. When questioning bhe map user- about the
reqU|rements regardlng map accuracy for management purposes, it -
ordlnarlly will: be useful to ask the follownng specxflc questlons

What is the ‘map scale requtred?
What are the accuracy “tolerances” al lowed for stand

delineation?
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Forest Policy Decisions

Forest Management Decisions

T

Information Requirements
for Forest Management

Inventory

y

Cost Effectivenéss of
Management Alternatives

Information Storage and Retrieval Alternatives

-

_F___f

Conven- Photo Com-
tional: "Mosaic puterized Other
Forest of the - Forest Maps
Map "~ Forest Map S
‘ Multiscale canned and
Stand Other Multiband Digitized Other
Del inea-~ Delinea- S . Data
. . Multidate Terrain

tion tions Types
Imagery Dat A

FigurefA-L This diagfam‘illustrates the relatidnship of‘variousltypés
of forest land .information to the management and policy decision making

process.



Various .
map making
techniques

5

Alternative
maximum acceptabie
.cost

Cost of map
per hectare

Accuracy -

,Figufe'A-Z.The relationship of accuracy of forest maps to cost of pre-
paration will vary depending on. the techniques used. -These relation-

- ships for various alternative techniques .should be made clear to map

users, to allow them to maximize the accuracy given the dollars budgeted
for map preparation.
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What is the minimum stand size?
What is the required point accuracy?

THe questions asked in any interview of a map user are more or
less arbitrary. It is hard to predict how completely the users can
define or quantify their neéds. Further, these needs will vary from
one user (group) to another. The map users are, however, in a key
position to judge the hecessity of stand délineatfon and between the
relevant alternatives. Henﬁe, the problems mentioned should be solvéd
with the participation of actual users. Finally, in reference to Figure
A-1the considerations of the mép users gb basically in a vertical direc—
tion, whereas the map maker (with his technical expertise) may be béttef
eéuipped to make choices in a horizontal direction (given the maximum
acéeptéble map cost per hectare).

Based on interviews with a number of map users and map producers,
it hés been poésible to arrive at several general conclusions regarding
the use and accuracy of forest s tand maps: |

1. Forestbstand maps are indeed ﬁsed on a regular basis for
planning management of forest .lands both on'a local and state or:
regional level. Uses range from layout of logging roads to stratifi-
cation prior té regional inventory samples. '

2. In general the users have adapted their use to fit the
quality of mép presently available. Nearly all agree that. an improve-
ment iﬁ accuracy would be desirable, but few are able to state
definitely what gains or benefits would accrue from such improvement.

3. Due to the difficulty of determining marginal benefits,
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_é strict coSt4Benefif_Fatio anaiYsis‘to détermine the usefulness of
mabpfng ffom remote sensing data is nearly ihpo#sible. _PrébablyAthe
moStvfruithI approach fs'to'attempt to démonstrate that‘in specific
cases, increased map acéuracy'can be obtained at a cost Ie#thhaﬁ'br
eqﬁél to.that of conventional techhiques,'fﬁus éVdidinQ'the more
difficult.analySis=entirely.

‘=It‘hés béen'ogr experience that these-conélﬁsions are probébly

' 'nbt‘Characteristic of only forésters, but apply'edually as well to

‘most persons engaged in iandjmanagemént decisions. |

The gainé made from qsing étratified‘sampling’hgthodg instead of
randomvsampling in fores; inventories have been proved to be‘unduestion-
ably great.v In total voluhe estfmafidﬁ, fo;iingtance; gheré are
sevérai proofs 6f fhis in Americén, Canadian and European lfterétﬁre.

In this study,‘therefore, the'heéesSTty‘of étand delineatibn for this
Pufﬁosé was considered to be obvious. | |

Logging contractors are map»users,_and the methods discussed‘.
previ0usly cén be'éppliéd in gathering énd anélfziﬁg-thejf needs .
From a reséafch pofnt df»view, thére arefséme questiéns_bf pérticular
interest in this cohnéction, namely:v o N

To what extént can planning costs of logging be»reduéed by
mappiﬁg, i.e., by delineating slope:classes, terrain trafffcability;
timber qQality,.éfc? | H
| What akg the gains and loéses in_comBiniﬁg sfapds into

Targer units for logging?
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EVALUATING - THE ACCURACY OF CONVENTIONAL MAPS
The accuracy of a map can be evaluated in‘éeveral ways U§ing.the
accuracy of a point, accuracy of a distance, accura;* of an area or
accuracy of the identificatién and classification of objects (in,photo

interpretation: quality of the reconnaissance).

A. Accuracy of a point is expressed by means of point tolerance
--indicating that a certain-precentage of all well defined points will
be within a given range of .their true positions. The horizontal point

accuracy as a root mean square error. (RMSE) can be given by the rela-

tion: .
n n
= 2 - 2 1/2
- iz Ax)" i§=jl (Ay;)~
RMSE, = | , in which
h n . . '
X ="di fference between known and measured point in x-direction,
yi = difference between known and measured point in y-difection, and

n = number of points checked (Willing, 1968; Thompson and Rosenfield,
1971).
Correspondingly, the vertical point accuracy can be given:

n

S e 2 1/2
=1 ri ‘ :
RMSE =|——— , where
v ) n v

e = residual error at point i (Thoﬁpson and Rosenfield, 1971).

As an example, U, S, National Map Standards define the norms to
be satisfied in public mapping projects as fol lows:

I. Vertical position: 90% of all spot elevations interpolated
from the map should be within 1/2 contour interval of the corréSpénding

correct elevations.
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2. Horizéﬁtél.bdsition; 90% of‘ajl plaﬁimef;ic féaturés shall |
be.Elotted so that their positions are within:l/SO of an inch of their
correct positions at tHe map‘sca]e being’ﬁSed. '

In Great'Bthain, the horizontal point tolerance forbfqreét maps
is determined‘as a root mean square error of *10"yards at a scale of
”I:I0,000§ in Germany a RMSE of *7 meters at aAscajé of”i:S;QOO is -

allowed (Stellingwerf and Yearsley, 1961).

B. Accuracy of a distance can be expressed as follows (per 100

meters); _ :
. n 1/2
E] p; (Ad;)
RMSE ,/100m = , where
d : n.. '
d = distance; Ad = di fference between a known and a measured distance;

o
]

1/d; and, n = number df'djstances checked. This‘expressjon_gives

the.é¢curacy of the djstancé'inupefcent (Willing, 1968).

C.. Accuracy of area (sa) is related to the hoki;ontal point accuracy

as-foTloWs:'

n’ ) . .k i A-‘
252 =3 [5.2 , C/n+l.- yn-l)2 + sz~ C(n-l - Xn+‘l>2 ,. where
a 2 Oxn _ yn
n. = number of points_Which determihe the area; s, = MSE of a poinf-in
vx-direcfion; sy = MSE of a point in y-direction; and X,y‘= the
(corresponding). coordinates .of a point. Area accuracy (sa) is directly

proportional to coordinate error, to shape of the area and to the num-

ber of poinfs measured (Stellingwerf and Yeafsléy, 1961) .
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Area accuracy per hectare can also be expressed as:

n
= 2| 172
sy Py (AAD)

RMSEa/ha = - s where-‘

A. = area; AA = difference between a known and an observed area; p = 1/A;

and n = number of areas checked . (Willing, 1968).

D. Accuracy of the identification can be expressed in two components,

for instance:

number of incorrect interpretations
of .a resource type x 100
total number of a resource type.
indicated by the interpreter

percent commission error =

and

number of correct interpretations
of a resource type
total- number of a resource
type present

percent correct = x 100

(Lauer, Hay and Benson, 1970).

The accuracy of a mab iS'Closely related to the'mapping sys tem
used, i.e., to the methods, equfpment,‘instfuments and the skill of the
pebple invo]véd‘ét each stage of the process. 'Warious types of
phdtogrammetric equipment qsed in the process of map compilation con-
tain a certain inherent preciéion, but it.is‘different for each type'!
(Moffitt, 1967, p. 115).

-The principal steps in the topographic mapping érocedure are:

1. Estabiishmenf gf geodetic control.

2. Photo interpretation of the detailssand their:delineation in
a stereoscopic plotting instrument.

3. Establishment of ground-control.
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4. Final'ﬁompiiation. "Plotting accuracy is at most 1/200 inches
(Bouchard and Moffitt, 1959).

5. Reproduction;

Each of these phases has its own séurces of error and thus con-
ffibutes to the final accuracy of the map. The map With wH{éh the user
deals is the last link of the chain.v Its.atcﬁracy i; depéndéntlupon
the accuracies of all of the phases in the process. |

_EVALUATING THE ACCURACY OF FOREST STAND DEL INEATIONS

‘Oftenvthe process'bf forest mapping differs from that of'topo}
graphic mapbing in instrumentation aéd materiais. The géqdetic control
is often obtained from éxiéting base maps. The photo interpretafionv
is usually-done on paper prints using a lens stereoscope and pen 1nstead
of a stereoscopic plotting instrument. The ground control poinfs are

,usual]y plotted on the samelprints instead of on scalg proof matefials
as'iﬁ topogréphic'mapbing, and the transfer?ing of detai]s from photo-
graphs tb the control map (base) is usually done by sketchméster or
radial plofter._ |
Tﬁus it can .be concluded‘that in most cases, a‘forest map is

" expected to be of cruder accuracy than a topographié map. Fufther,

there is‘no consistency in the accuracy'of‘forest.maps because of the

. depéndencé on £Ee system uséd. Often all that one can say about any

particular systém is to define the lower limit of the-s£andard deviatioh
of the map iocations tested.

In this.study, the emphasis was plaéed on the delineation of the
foreét stands by photo’interpretation; Consequently,Aquestiéns relative

to the accuracy of the geodetic control, the précision of the instruments
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used, the shrinkage of the photos, etc., were ignored.. . The only objects
of interest were the accuracy of the classification and delineation of

the stands.

A. Definition

The accuracy of stand delineation is not easy to define uniquely.

A forest standAis a heterogeneous unit from the claﬁsification point
of view. It is not always possible to classify a s£and as a whole,
according to all the aspects involved, by taking an arbitrary point in
the stand. This is the primary differeﬁce betweenba general map
(topographic map) and a forest map, and thus the methods of testing
the accuracy of the horizontal position of points as done in general
mapping are not satisfactory in testing the accuracy of stand delinea-
tion.

Because of the vagueness of the concept of the aécuracy of stand
delineation, to date little or no effort has been made to define it.
Sfmilarly, the requirement for accuracy has varied from one user to
another. Thus, the requirement for accuracy has been described as a
éonventfon between map maker and user about a "“sufficiently reliable
and usable' forest map.

However, there musf be a theoreticélly best delineation. ‘It is
the one which satisfies the objectives and norms of stand classifica-
tion in the best (optimal) way. In practice, of course, this ideal
delineation is almost unobtainable. However, the accuraéy of any
delineation that is actuaily'drawn is measured by its closeness to tHis

ideal delineation. According to one source, ''classifications are

175



contrivances made.by M¢n‘to suit their purposes. They are not them-
selves truths that can be diséovered. Theréfore, there is no tfue
‘classification; a perfect one would have. no drawbacksrwhen used:for

the purposé intended; thé best.classificétion is'that which-best serves
. the purpose of purposes for_which it was made or- for which ft is to

be used" (U.S. Soil Survey Staff, 1960).

4 B.. Review of Past Studies

‘The'question of fhe importance of a quantitative approach to

photo interpretation mappihg w55'raised in thé earfy 50's by several
.aUthors (&oung and Stoeckeler, 1956). Since then many efforts»have
Seen made to ahélyZe the_;ccuracy of the intgfpretatfon of forést maps
énd especially_of soil maps;‘.ln soil scfence, an experiment was carried
out dealing;With the_accu?aﬁy of soif maps for agricul tural uées
'(querening and Cling; 1953). Aln engineering soil mapping, a proce-
dufe was,presented.for'evaluating photo interpretation in terms of the:
accuracy of the dgsighétion of map units and the qtcuracy of fhe'léca-
tioﬁ of thejbodndary lines between mab units (YOUng and. Stoeckeler,
~ 1956). | |

In the éar]y 60's thg value ofiphoto interpretatfoh forlgoil maps
was assessed in terms‘of its .adequacy for the user.(Webster and Beckett,
196&}. In an experiﬁeht in East éérmany, the'cqmpbneﬁts qf accuracy
were studied and cbmpared with the»pub]ic norms and fhe impact of the
errors on the.stand volume estimatiOn'was-investigated (Willing, 1968).
The effect of fflm-fi]tgr cohbinations_in soil interpretation was anaiyzed

in the Netherlands (Vermeer, 1968), and a numerical procedure for
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determining the goodness of soil .boundaries drawn by photo interpreta-
tion was described in England (Webster and Wong, 1969). In California
an experiment was carried out which attempted to compare the relative
usefulness of color and black-and-white films for.delineation-and:
identification of forest stands (Lauer, 1968). A comparison.between
black-and-white, infrared and color films in interpreting.soil char-
acteristics was made in Onomdaga County, New York (Kuhl 1970) and
finally, in a high altitude mapplng study in Oregon, a method of map
accuracy verlflcatlon was lntroduced (Rudd 1971) |

In addition, in the 60's several studies were performed pertaln-
ing to the accuracy of the classification of mapping units. They are
not discussed in detaii here, as the subject of delineation of stands
was not dealt with (Willing, 1968; Rudd, 1971; Lauer,dHay and'Benson,
' 1970) | |

In these previous studies, little emphasus has been given to the

definition of accuracy or to the selection of a method of measuring
it in each case. Pomerening, Young and Stoeckeler, Kuhl,and Lauer all
express the accuracy of mapping as the proportion of coinciding area
of each mapping unit compared with the corresponding ground truth unit,
expressed in percent Here, co;ncudence means the similarity of assign-
ment of the‘units. Young and Stoeckeler make the comparmson using
f:nlshed maps, whereas others compare photo-delineations.

Vermeer defines the accuracy as the proportlon (in percent) of
the conncxdlng soil boundary lengths of each |nterpretat|on compared‘
wnth the ground truth. Webster and Wong deal with>the accuracy measured

as a dev:atnon between the true and |nterpreted 50|1 boundary along a
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transect over the study area.

Relatively little information is given about the classification

systems used in these studies. Pomerening -and Cline as well as Young

and Stoeckeler simply refer to USoil c]aseificetfon”, Vermeer used a
simtlar cenceht, whereas 5uhl cdneentrated>0n slope and soii drainage
classification. Webster and Wong include a thorough desctiption of
the soil’characterietics'measured in the field and of the landscape
Uhits which were the final mépping units. Lauer used several ""pure
stand"' vegetation typeS; ‘In each case, howevet, it is difficult to

» evaluate how applicable the classifications used were for photo-
interpretatton;purpoSes; |

The minimum size of a map unit was specified in only two cases.

Ydung'and Stoeckeler defined it as 5 acres, while Lauer used a one?:
acre minimum mapplng area.

The de5|gn of the |nterpretat|ons varled wndely from one study to

anbther.» Pomerening and Coine worked with five different |nterpreta-:
tion methode‘in delineating the soils eftthe'sawe erea.. Two methods
were duplicated by different ihdfviduals, two were dene:by one and

the same person |

The experience of the |nterpreters varled Young did not describe

the |nterpretat|on but fol]owed ''the phases in the preparation of an
engineering soi]é map''. Vermeer put emphasis in selecting the ihter—
_ preters as well'as in their testing and training. His experfmental
deeign is the.most'objective‘of all: every'interpreter works only
once w1th each of the seven |mage types and only once wnth each of the

seven .test sites. He also masks the redundant parts of the transparencnes
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used in the interpretation. In Webster and Wong's study, Wong inter-
preted the study area without actual familiarity with the landscape.
Kuhl also interpreted all the photos Eimself although it was a com-
parison between three different film types. Thus the sequence of the
interpretation may have affected the results. Lauer used only one
interpreter; however, a time lag of saveral weeks was purposely

allowed between interpretations of film types to reduce the possibility
of bias; |

The usual method of delineation was to draw the boundaries on a
clear plastic overlay of the photographs with a pen.

~In the several studies referred to here, methods of field check-
ing. were used which prevented an independence between'intercretation
results and ground '"'truth'. Pomerentng and Clinc compiled the ground
truth as an average of the interpretations, corrected where necessary
with.fie]d checks. Kuhl gives the impression that he made both the
interpretations and the field map for comparison. Young and Stoeckeler
intentionally improved the interpretation with a limited field check
because the purpose was to evaluate the accuracy of tha‘finished map
by using regular methods of scil mapping.

In Lauer's study ground truth was gathered by persons other than
the interpreter, but with reference to aerial photpéraphsyfor type
boundaries.

Webster and Wong used a Iimited_ground truth gathered by measuring
soil characteristics along a transect across the study area. The‘
location of the transect was not selected objectively, but the final

location of boundaries on the transect was computed analytically.
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Vermeer's design bf,grouhd truth was independent of the inter-
pretations. It was made by tHree experts of the field usiﬁg éll exist-
ing imageries and maps of the area as well as local knowledge. inter;
estingly enough, Vermeer comments that tHé best basis of comparison
would have been a soi]:map Qf the region. In general,'only.littleh

emphasis was given to the ''best estimate'' character of the ground truth.

In these studies, the usual way of comparing the interpretations

to the ground truth was to superimpose the interpretation map on the

ground truth map and measure either the coinciding areas or compare the
locations of the boundaries of the corresponding map ﬁnits. The pro-
portion obtained when uSTng'ground truth as a basis was expressed in
percent and it was used as a measure of the accuracy of the‘map. In
meésuring thé cbinciding bouhd;ries of the map units, Vermeer, as well
as Young and Stoeckelér, allowed a certain tolerance within thch the
intéfﬁreted line might.vary.from its correct posftion and still be

' cléSsified as coinciding with the correct liﬁe. Areas'were_measuféd
with a.dﬁt §ounter. Pomerening and Cline measufed:bqthvareas in agree-
ment'ana in aisagreement of each mapping unit and reCorded these.sepa-
‘rately. Kuhl gave weights for discrepancies according.to the serious-
‘ness of the error, whereas Vermeer classified the bouﬁdaries as impor-
tant, less'important; visiblé,.and hardly visible.

| In addition'to measuring the overall accuracy of the map, Léuer
calculated a percent correct figure fqr each vegetation type and anal-
yzed the kind of error hade fér each typel(j.e., percent ‘of area con-
fused with eachléther'type).

Webster and Wong developed an analytical method of comparing the
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results along a transect across the area. They plotted the value of
the firs; principal component of each line plot as a function of
distance. The best boundary location was any inflexion point of this
curve.  Inflection boints were computed by a-statistical difference
method developed‘by the authors. Finally, the interprgted boundary
locations were compared with those obtained analytically. The recorded
difference was considered as a measure of map accﬁracy.

In most of the studies dealt with, the authors expressed the
results obtained from the comparison in the form of tables withou;

any statistical tests.- Young- and Stoeckeler, however, gave a. hypo-

thetical example of the use of analysis of variance in testing the
deviations of the best boundary location.

The most complete testing procedure was introduced by Vermeer.
He analyzed the results according to the differences between:

.]. The image types.

2. Tﬁe interpreters.

3. The stUdy areas.
As for the methods of analysis, (1) a Friedman two-way analysis of
variance was used for over-all comparison and (2) a Wilcoxon matched
pairs ”signed-fanks“ test was used for between-pairs comparison. In
the same study, an appendix was given which dealt with thé proper

choice of test in similar studies.

CASE STUDY: AN EVALUATION OF PHOTO DELINEATION OF FOREST'STANDS

Based on the reviewgof techniques which had been used by other

investigators, it .was concluded that for forestry purposes a combination
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of area comparisons such,as.used‘by Pomerening, Young and Stoeckeler,
Kuhl, and Lauer, and.boundéry‘comparisons, as ﬁsed_by Vermeer would
be the most useful. Thus a trial study using actual field data énd
photo interpretation data of a forested érea wés cérried out in order
to fest the fecﬁniques. In so_doing;'ah attempt wa§ made to avoid '

possible sources of bias as discussed in the review.

A} The Tést Site

Field data of a test site in Central Finland were. used in order
to study certain map evaluation methods in an actuaj.comparisoh
between interpretation and ground truth. This site was selected as
one known to be‘highly suitable sinceAjt preyiously had been studied
by Sipf Jaakkola currently a graduate student at the Univeréity'of
California and one of the.co-authors of this report. The site consisted
main]y of fafm»fdrests but dia‘not»fbllow any pr0perty boundaries.

The total area of fhe rectangular site was 330 hectares.

The forest mapping on thé site was carried.out fafr]y intensively.
The 1andrand3tfmber4c]aSsificatiqn was done by a forester who cruised
the area in a systematic Qay and de]ineated the stand qﬁ recent stereo
pairs of panchromatic aerial photographs at a scale of 1:22,000. At
the same tfme, the heésurementS'of'timber volume and growth were made
By é surveying crew,

In‘the field classification, 10 stand characteristfcs w¢re recorded
for each staﬁd.. The most imporfant of these were main category, sub-
category, taxonomic class, species and size class. Later, the volume
by species, basal area, and growth were calculated fof each stand. The
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large number of simultaneous classifications resulted in a relatively

‘small average stand size (0.7 ha).

B. Photo Interpretation

fhe photo interpretation of the test site was done by éhother
forester who had some previous experience in mapping and photo inter-
pretation. He had gone through a few days' trainiﬁg using photos of
forests with conditions‘similar-to those of the test site, and was pro-
vided stereograms from the‘immediate vicinity of the test site. In
the interpretation a 1ens stereoscope and stereo pairs of panchromatic
‘contact copies at a scale of 1:22,000 were used. Tﬁé delineation was
done with pen on an acetate overlay fixed on the photo. The inter-
preter was not given any definite minimum size of stands to be delin-
¢ated. However, he was told that for 'partially contrasting types''
(such as a change in one component of the vegetatidn-”complex“) he
should avoid delineating areas smaller than 0.5 ha; for '"totally .con-

‘trasting types'' (like change of main or subcategory) he was told that

still smaller areas could be delineated.

c. Evaluation of Ground Truth

Because of the subjectivity of the stand de]ineafion done in
the field, an effort was made to find the best bpupdary lbcafions in
an analytical way. Principal component analysis was used in order to
assign‘to each stand a sing!e characterizing value instead of the 10
original variable values.

‘Principa] component analysis is a techniqué widely used in multi-

variate statistics for the reduction of a large body'of data such that

v
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a maximum of the variance'is extracted. In other words, the analysis

is used in order to condénse the information contained by the original -

variables into fewer new variables, called principal components,
without losing too much of the original information. The model of
the component analysis is

Z, = aj]F

; +a. F +...+a F, (j=1,2,...,n)

1 j2' 2 jnn
where eaéh'of the n observed variables (Z) is‘describéd_as a linear
. éombinétion of n new uncorrelated hypothetical constructs, called
‘components (F). Each éomponeht, in turn, makes a maximum contribution
to the sum of the variances of the n variables. The coefficients (a);
which are the elements of the jth eigenvector of the correlation métrix
involved, are chosen in ofder to méximimize fhe yariance ethacted
by'thé firgt'cémponent. The other components, orthogonal to each
.'-other; are in‘descendfng qrdér'according to the variance extracted by
thém (Harmén, 1967§.Morrisoh,~1968). Assuming that the score of fhev
fifét(principal componenf cénAbe interpreted to rebresént a. stand ;L
numerfca]ly,:a'dréstic-chahge pf that score é]oﬁg;a-lineér transect
6f the test area ﬁhould indicate.the location of a sfénd'boundaryi.
In order to test this hypothesis, tHree‘tranééctS across the‘érea
were chosen and used invthé gnalysis. Along a traﬁéect éherg.were I
sample plots, 40 m abaft, and on each of them all of the 21 charactér-
iétfcs for stand classification had been recordéd. Thus.ﬁhe principal
coﬁponént analy$is of each transecf deélt_with é data:mat?fx>with 21
Variébles and 41 oBsérVatibhs. |

The results of the anaiysis indicated that the'pfopoftiqn_of the
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total ''variance' attributable to the first principal component varied
-within 21-27%, which is a relatively low range of values for this com-
ponent. For that reason, the score of the first component was not
expected to be a very reliable or consistent measure of the mapping
unit. However, the score was plotted in an axis system.where the x-axis
represented the transect and y-axis showed the score, i.e., the value
of the first principal éomponent. The actual staﬁd_boundaries, drawn
subjectively in the field, were located on the x-axis also (Figure A-3).

From Figure A-3one'can see that thererexists some tendency towards
a major change fn the score at the same places where.;he_subjective_
field boundary occurs. On an average, two out of three stand boundaries
are reflected by the score. The location of a boundary found:in this
analytical way is fairly rough because one can only say that the bound-
ary lies within an interval of 40 meters (the interval between plots).
Thus'a shorter distance between plots would probably give more accurate '
results. It would also have another advantage in that the curve could
be smoothed by means of a moving average. From the smooth curve the
boundary locations could be determined by finding the points of inflec-
tion.

lh thi§ test the between-plot interval probably was too long as
compared with the average stand size. It is therefore di%ficult to
make final conclusions about how well the ground truth can be determined
or checked by using the analysis described. Consequently, in the com-
parison of the interpretation with the'ground truth, the map drawn in.
the field was used as such, without any control of the subjectivity

factor.
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D. Evaluation of the Interpretation

1. Boundary Comparison

In this evaluation of the interpretation it was assumed that the
ground truth was the ''ideal' mapping of the test site..

The comparison of the‘bouhdaries began by drawing the ''tolerances'
of the stand boundaries'on the ground truth map. This is to say, all
the boundaries were allowed to vary within a +12 meters wide interval
in the field measured perpendicularly from the original‘bouqdary. The
wfdth of +12 m is arbitrary but reasoﬁéble for most of the mapping pur-
poses in forestry.

Another preliminary step was to divide the boundaries of the ground
truth into two cateééries, “fmportant“ and '1ess important''. A boundary
between th stands was considered to be important if one or more of
the following stand characteristics were not the same in both stands:
main category, sub-category, tax class, species, or, if stand size class
discrepanc? was more than two units. Following this decision rule, out
of a total of 42549 meters of boundary correctly shown (based on.ground
truth) a total of 17071 meters for fjmportant” and 25478 meters for
"less important!' boundaries was obtained. In order to facilitate the
measurements, those two categories of boundaries‘weré indicated with
different colors on the ground truth map.

The two maps (based on ground truth and photo interpretation,
reSpe;tiveTy) were then superimpésed and the matching proportions of
the stanq boundaries were measured with a map meter. - Each measurement
was repeated three times.‘ Fjgufé/khi1lustrates some details of the

measurements.
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Comparison of the stand.boundarieé gave the following results:

Boundary Type ' Amount of Matching Boundary
Important , ' 75.7%
Less Important - b5 .4y

For all practical forestry purposes the ''less i'mport:ant.'l boundaries in
this study were meaningless. Thus, the significant'result of this
comparisoﬁ is that 75% of the important Boundaries on the test site were
ektracted-by photo interpretation alone. As mentioned before, the
béundary was allowed a tdlerance of £12 m.

2. AreaAComparison

The boundary comparfson.describedvgives_én indication of the qual-
ity of the delineation but it does:nof evaluate the classificatioﬁs
(thé qdality"of identificétionfinside those boundaries). Thus it was
_considered necessary to measure the re]ative area‘of matching identi-

ficétién, if any, uSihg the area of each ground truth stand as a basié.
In this comparison, the tolerance ;llowed was only_pne-half of the
boundary widfh of the ground truth. The maps'wefe:superihposed.again
and the’matcﬁing area of the inferpretation was obserQed:by.measuring
 the areas of all the stands of the interpfetation which correctly (based
on_élassifigafion fractions) Qverlapped the driginaligroﬂnd truth stand
(Figufe A-S);The identification of each matching stand fraction was
vcompéred with thevground trutH identification inbordér to éstimate the
finél matching area of thé pair of 6bservatf6ns. The judgment in com-
parison was based on the foTIbwing stand characteristics: main category, *
sub-category, ta* clasé, speéies and size class. Matchfng wagigomplete

in any fraction where all five characteristics were matching. Also
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Figure A-4. Determination of boundary coincidence. Segments b,

d, f, h, and j (as measured along the ground truth boundary) are

considered to be those in which the interpreted boundary is accu-
rate enough to be considered as coinciding with the ground truth

boundary, because within those segments the interpreted boundary

falls within the 12 meter tolerance interval.

Legend: ,~—~_— ground truth boundary
' . - = - - tolerance boundary
cwwwww. interpreted boundary
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Figure A-5, Determination of area coincidence. The
shaded area is the coinciding area between a ground
truth stand and the corresponding interpretation.
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Matching Area

Stand Characteristic Hectares 4
(1) Main Category 304,84 91.7
(2) Sub-category 265.66 - 79.9
(3) Forest Tax Class ' '151.88 Ly .7
(4) Tree Species 190.50 57.3
(5) Tree Size Class ~ 104.58 31.5
(1-5) Complete matching of Ly 4y 13.4
‘ all 5 categories

Figure A-6.This table illustrates the area and percent-
age of matching photo interpretation and ground truth
for each of five stand characteristics plus all 5 char-
acteristics. The results indicate that main categories
could be interpreted fairly reliably, whereas sub-
category and tree species were interpreted less reli-
ably. The interpretation of tax class, size class,

and all five characteristics seemed to be unsuccessful.
In this analysis a characteristic had to be exactly
matched to be recorded as correct area. A refinement
~which might improve the results somewhat could involve
weighting of discrepancies in identification based on
the significance of the error to the user. '
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incomplete'matching‘Was~of interest. For inétance, the relative qual-
ity of species identification was estimated by using the fractions

of matching species only.

 CONCLUS 1ONS

In interviews of various users andiproducersvof fofest maps it
was established that alﬁost nQ‘guidelines exist at the present time
for an objectivq evaluation of mapping accuracy orfjts importahce. In
general,'méps that are available are worked with; and'usefs felt that
while an increase in accuracy would be ”usefuT“, little br no opinions
were voicedvas.to‘what'a given accuracy wpufd be worth. With this in.
mind,-it_seems'that perhaps the mostieffective way to ''sell' improved
photo interpretatioh'techniqueé wOuld be to show that an increase in
accuracy can bé achieVed at a cost'equal té or lower than‘that.result-
ing from existing tqchﬁiques., This cost-benefit analysis can be
avoided entirely. . | |

The lfmffed case §tudy that we have just dfscuséea.has deﬁoﬁstrated
'fthat workable techniques do exiét for méking objeetive'evéluétions of
map accufacy for forestry purposes. However, the discussion points
6ut a number of pitfalls to Be.avéided to ensure that_tﬁe evaluation
s truly objectiVe and meaningful. This analYQis should prove to be
of'considerablé_qse in future }esearch activities of the FRSL which

involve the evaluation of mapping accuracy resulting from various image

interpretation techniques.
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CLASSIFICATION CATEGORIES

- Stand characteristics recorded in the field'classificafion~are
listed below.

I - MAIN CATEGORY

Code DeScriptioﬁ

0 Forest land excluded from timber prodgctibn
1 Foresf léﬁ& used for timber productioﬁ

2 ~ Poorly productive forest land

3 Waste land

L Agricultural land

5 Construction sites

6 Road

7 Water

IT  SUBCATEGORY

-Code Description

0 See I-0

1 | Minéra] soil

2 Peatland, spruce
3 Peatland, pine

4 Peatland, open

IITI FOREST TAX CLASS .

Code Description

0 See I-0

1 Highest productivity
2 .

7 Lowest productivity
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IV

VI

TREE SPECIES

Code Description

0 - Open, wasfé land or see I-0
1 Pine | :

2 Spruce

3 | Birch

4 | Aspen A

5 Alder

STAND. SI1ZE vs RELATIVE MATURITY

Code .Déscription
0 See I-0
1 Seedlfngs, nof-satfsféctofy"
2 ' 'Séedi}ﬁgs, sétisfactory'
.3 _ Small pulpwood
4 _“ Large pﬁipwood
'5.. Small sawtimber
6 A_Largé sawtimbér
7 Finalkcut within S:Yéars
8 Final cut immédiately
9 _ Open'areé |
STORY
Code  Description
0. , Qpén, other than I-1
1 Y.One story |
2 Twé-storfeﬁ, seedlings
3 Two stories,_ﬁodr overstory
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VII NEED OF CuT

Code Describtion

0 Other than I-1
] Within 5 years
2 Within 10 years
3 " Beyond 10 years

VITIT TRAFFICABILITY

Code Description

0 Other than I-1, I-=2
1 Lowest ‘
2 .

9 Highest

IX AGE CLASS

Code Deécription

o Open, other than I-1
1. 5 years

2 IS years

3 25 years

X HEIGHT, in meters
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