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Final Report

Automatic Photointerpretation for

Land Use Management in Minnesota

Abstract

Automatic Photointefpretation techniques were utilized
to evaluate the feasibility of data for land use management.
Tt is shown that ERTS MSS data can produce thematic maps of
adequate resolution and accuracy to update Land Use Maps. 1In
particular, five typical Land Use areas were mapped with class-
ification accuracies ranging from 77% to over 90%.



I. Introduction

Our major objective in this study has been to apply auto-
matic photointerpretation techniques to land use thematic map-
ping from ERTS MSS data. 'The land use classes seslected were
guided by those used in the 1969 Minnesota State Land Use Map,
"i.e, forested, cultivated, open, water, marsh, ufbaﬁ residential,
urban non-residential, extraction and transportation. The
1969 map was prepared from aerial photographs and manuai inter-
pretation,. |

The study approach was a set of experiments using ERTS
MSS data. Five geographical areas in Minnesota were chosen for
‘analysis. A multiclass (K-Class) automat ic classification pPro-
cedure was utilized to prepare thematic maps. The fifth experi-
ment consi#ting of a lake count was performed by setting an
upper threshold-on band 7 for detecting water bo&ies.

In one of the experiﬁents, the automatic classifier was
".trained on a training area and tested on another area approxi-
mately 25 miles.from the training site. This experiment was
performed to determine the generality‘bf training‘weights.
Theré was no noticeable degradation in performance over this
distance.

The addition of texture features was evaluated on the

metropolitan area. Texture improves classification performance



but its measurement requires larger areas of the-saﬁe class.
Thus the ground resolutioﬁ'is degraded.

The quality of the input data was generélly éood. In
several of the images, one of the six channels either put out
‘an attenuated signal or experienced random drop-outs. To
accommodate this error source, these chénnels were delt with
separately, i.e. separate classification weights were deter-
mined fof any chénnel whose output Qas noticeably different

from the norm.

ITI. Experimental Design

The data used for constructing the feature vector was obtained
from 7-track 800 BPI computer compatible tapeé. The bulk data
on black and white 9.5 inch positive transparencies was used
to locate the area of interest. The ERTS 9% inch bulk photos,
the RB 5? aeri;l photos, county mapé and Mark Hurd aerial sur-
-Vey photos were used to select the areaé to be analyzed. These
data blocks were then extracted from the four computer compat-
ible tapes (CCT). For most of the small data blocks, only one
digital tape'ﬁas reéﬁired. When two tapes were needed to

cover the desired area, alignment of data between the two tapes

was achieved by aligning data having the same record number,



The extfacted data block from the CCT was reformatted for
writing out on an thronics.film writer or on a line printer
which printed out a grey mép. For writing ouﬁ the image, the
dynamic range of the film writer was matched to the density
values of the image é; determined from a histogram piot. The
Adpéronics films were wri£ten out in 64 equal density level
increments. The line printer grey maps were composed of over-
writing four alpha numefic characters to achieve 16.density
levels., These levels were‘also assigned on the basis of the in-
tensity histograms. An attempt was made to achieve different
density symbols for the various classes.

The selection of classes was guided by the Minnesota Land
Management Ipformati;h System (MLMIS) classes. Of the nine
classes used in this system, seven were included in this study.
Cultivated regions were not considered because of the unavail-
ability of current ground truth. In addition, the transporta-
‘tion class.was not broken out as a separate class because of the

lack of training samples.

Data Analysis Procedure

- Aftexr receipt of the ERTS data on photographs and on digital
tapes, the photographic images were checked for gross anomolies

in the detector operation. When banding was apparent, histo-



grams were computed for each of the six detector séan lines to

detect differences in the mean and variance in the output of

each detector. When large differences occurred intﬁe output
of the detector channels, they wexe‘processed separately.

_ The ERTS data was rggistered with available ground truth
(obtained from aircraft photography and sample ground inspec-
tion) by recognition of_landmarks. For example, lakes on MSS
band seven provided good jandmarks for registering the two
images. AN eﬁlarged view of the ERTS image landmarks were
cbtained by converting the ERTS digital tape to film with an
Optronics Digital tape-to-film writer. Thé £ilm record output
is an image containing grid lines corresponding to record ana
word numbers on the CCT. 1In addition, ﬁhe landmarks are dis-
played ;n context oﬁ tﬂe image, thus simplifying phoﬁo%nter-
éretatioh and fegistration. This procedure allows registering
the tape to a known landmark to wiﬁhin‘a single resolution

.elemeﬂt. Registration of the ERTS data Qith ground-truth maps
is essential for both training and evaluating the automatic
interpretation systém and for producing the stratification

overlay. Registration is also essential for adding successive

coverage data.



Oﬁce ground truth and ERTS data are registered, class
boundaries can be encoded in terms of record and word numbers
on the digital tape. From within these class boundariés,
the training samples were extracted. The generation of the
tﬁematic maps was achieveﬁ'by using a trained classifier.
Training is performed by a "teacher”, i.e. a training sét of

data is isolated for each of the classes of interest. The

training set is used to generate decision weights as follows.

Samples of each class from the training set are grouped
togeﬁher in a least-mean—squére sense about peints in decision
space which are equidistant from each other and from the origin.
Linear boundaries are determined.to minimize the.efror assign-
ments for this training set. These boundaries or decision
weights are then used to categorize the inpﬁt data during the
formation of the thematic map. While generating these decision
boundaries, a confusion matrix is printed. This provides per-
formance data for the operator to use in evalﬁating the expected
accuracy of classificatioﬂ.

By'using fhe spectral distr;butia; of enerﬁy over thé

classes of interest, it ig evident that some of the classes

are separable. AFdr example, the histograms in Figure 1 indicate



that water and conifers are easy to identify on this

image taken over Cloquet, Minnesota. Because of the

off condition, hardwoods are not as easy to separate

October
leaf-

from open

areas and cities. Adding a January cbvérage greatly improves
separability.
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A block diagram depicting the chain of events in the auﬁo—
matic photointerpretation procedure is shown in Fiéuré 2.
The following discussion is cenfered érouﬁd Figurelz.' The
data block from the 100 by‘100 mile ERTS image will be selected
by longitude and latitude sbecifications. Einer resolution
baﬂ<be obtained by using‘aerial photos and landmarks for de-
pictiﬁg the desired area. Because of the earth's rotation, the
ERTS photbs are n#t aligned to the north despite the polar orbit.'
This requires a slightly larger rectangle of data to include
all of thé area described by corner points expressed in terms
of longitude and latitude. |

The ERTS bulk tapes are then reformated to be_compatible
with a f£ilm writer. Data from each of the .bands is written
out using 6 bits per byte. The data is also reformaﬁed so that
intensity levels from the four bands for each pixel aré adjacent
torone another for the automatic clasgsifier feature vector.
One channel of the selected data block is then written out on
a film writer and registered with ground truth. If dual cover-
ages are used, registration is made wit@ a second coveradge.
Regiétration between dual coverages (October and Janua;y) over
Northern Minnesota required translation in longitude and lati-

tude and a rotation of 0.03 degrees of one coverage with respect

to the other,
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The classes selected should be guided Ey separability,that
is, by some ihsight into the natural élustering of the data.
Once the classes have been chosén, training sémples are selected
from representative areas to determine claésifier weights.

Tﬂe K-Class training procedure generates a confusion matrix,
whieh permits judging-thé performanée.. The confusion matrix
lists the actual ground—truth—versus;classifier assignments
for all samﬁles, thus one cén determine where the most errors
are made. A cost proceduré can also be used fo; penalizing
certain misclassifications, thus reducing this type of error.

After obtaining an acceptable classification performance
,6n'the training sét; these classifier wéights are.ﬁsed to
categorize the selected blocks of data.r Ancillafy information,
suéh as aspect or geoéraphical location, could be fed.into the
categorizer at the same timé to improve classificatioﬁ éccuracy.
The‘outpgt of tﬁe categorizer is a digital magnetic tape with
each pixel coded into one of the prescribed claéses.

The color coded thematic map is genérated ffom the thematic
map on the'digital data tape by writiqg‘out the coaed pixels |
into three black and white transparencies.“ jThe
transparencies can be formed such that any class can bé assigned

to any desired color. The color spectrum can be divided into

any required number of colors, however as the reguired number
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of colors increases, thz change in hue between classes decreases.
The three primary color black and white transparencies are then

color combined into the final color-coded thematic map.

III. Experimental Results

Ramsey County Lake Study

This study was run using Ramsey County as the test area.
due to the availability of an ERTS §0verage and easily access-
ible grouﬁa truth data. The ERTS photo 1075-16321, an October 6,
1972 coverége was used; Lake acreages were determined by set-
ting.a threshold on band 7 and counting areas below this thres-
hold level. ‘Open water generally provides a signal of 5 or
less, marsh areas can be detected in the range of 6—9.

An inventory of water resources is valuable in determining
water resources, recreational areas, and storage capabilities.
Presently, this'is done from aerial.photos which are céstly,
time consuming, and, therefore, nbt taken often. rPotentially,
.ERTS photos offer an 18~-day inventory updating system. This
information could also be used to improve the water information

on county highway maps since it is not unusual for existence,

size, location, and/or shape of a lake on these maps to be erron-

ecus.
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More rapid changes can be observed by repetitive coverage
such as that provided by ERTS. These invohxé changes in shore-
line and lake size due to nétural pfocesses and development, OF
the §ide effects of deve;opment. The resulting changes can
effect waterfowl, fish and also lggalrnatters; ede s the bring-
ingfof’unused shallow lake 1ands.into productive use involves
a taxation change on that land.

The monitoring of chénges in lake levels and lakerccur—
rences is-also of great value in developing an index of annual
waterfowl prodﬁction. .Canédian and U. S. biclogists suggested
that.a reliable production indéx could be derived independent
of size of the breeding population from estimates of the pumber
of ponds remaining in mid-July.* BAutomatic data processing
of changes in wetness during the May-July period would
provide_thié.

For this Study,‘a print oﬁt of the band 7 was used. Since
each data point is approximately equal to 1.5 acres‘on the
ground, one had only to count up the groupings of numbers and
multiply the obtained totél'by s correction factor. To account
for element overlap along the scan lines, the expression
i.lO4N + .453L was used. In the expression, N is the number
of elements and L is the number of scan lines involved in the

composition of any irreqular shaped object.

*"preliminary Evaluation of ERTS-1 for Determining Numbers
and Distribution of Prairie Ponds and Lakes"; Edgar A.Work, Jr.,

Environmental Research Institute of Michigan; Dbavid S. Gilmer
and A. T. Klett, Bureau of Sport Fisheries and Wildlife Northern

Prairie Wildlife Research Center.
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The derivation of this relationship is shown below:

. a = 79m

{
a [
[

f

-
. b = 5&m

|
|
|
J

‘Area of one strip = a [a + (n~1) b]

I
‘Area of L strips = T al(a-b) + n, b]
£
. =1
L
= L a(a~b) + ab % n,

I a(a-b) + ab N = (18171 + 4424N) meter

A = 0.453L + 1.104N acres

After c0mparing the shape of several lakes on the computer
pfintloﬁt with their respective shape on topographic méps, the
interval of 0 through 5 on band 7 was seleéted as being indi-
cative of water. The acreage of each lake in Ramsey County was
then counted énd comé%red with availabie‘data on basin and lake
acreage. |

It should be pointed §ut that the interval selection is
somewhat arbitrary. Any error in the choice of an intervai

should produce consistant errors in acreage, i.e., consistantly

too high or consistantly too low.
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The acreages determined from the ERTS data were combared
with available data. Any lakes in Ramsey County not included
in. this study did not fall within the area pulled from the
ERTS photo. |

A glance at the counted acreage aé compared to basin
acreage and lake acreage revealé that, in most césés, thé
counted acreage provides a good measure of the actual acreagé.
The comments and lake types included are an attempt to accouhtr
for the discrepancies that arise.

In comparing the figures,'one should bear in mind that
basin acreage indicates the arearof the basin, i.e., the depres-
-s.ion, not the actual a;rea that contains water. Likewise, the
lake acreage includes most marsh areas around the lakg, not
just areas of open water.‘ The chosen interval of O fhrough 5,
on the other-hapd, seems to indicate only open wétef, or water
ﬁith_a very slight amount of emérgent vegetation or rushes.

This can be seen by looking at some of the lakes indicated as
eliminated by air phéto'in the comment column.

The phase "eliﬁlﬁated by air phoﬁoﬂ indicates fhat a parti-
éular lake was considered té contain no open water, i.e., to
be drained or swamp, from.analysis of 1968 low altitude air
photos of Ramsey County. As can be noted from the table, several

of the eliminated lakes are shown as containing small amounts
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of water. These are likely lakes that contain water in only
part of the year and are swamp or dry for the rest. Some of
the lakes, for example 62-20, in the upper.right quaarant of
Figure 3, can be made to assume their exact basin shapes by
considering the numbers 0 through 9. This seems to imply that
thé lake is surrounded b& detect;ble swamp {(this lake is shown
as surrounded by swamp or marsh on the USGS topographic sheét).
Other lakes, for example 62-23, indicated as swamp from
fielé checking, are not visable at all until the interval &
thrqugh 9 is noted. In addition, an area just north of Pigs
Eye, 62-4, shoﬁs up in the interval 6 through 9 and is design-
~ated swamp on the topographic sheet. It seems, then, that
this interval, 6 through 9, could be used to identify swamps.
This technique is not useful for determining deﬁth in
lakes. While the data shows that many of the counted and
planimetric caléulations are close, this similarity is coin-
cidental. A comparison of the areal distribution of lake
acreage having a depth of 10 feet or greater, as determined
from the Division of Water, Soil, and Minerals map and this same
acreage determined from the'computer print out, shows no
correlation. This lack of correlation is likely due to such

factors as sun angle and lake water pollution.



Counted5

/ 1 3 - Acres 4 Acres
Counted Basgin Lake ‘ Depth = | Depth = 6, 7

Lake No. Name Acreage Acreage " Acreage 10 feet | 10 feet'| Type Comments

62-1 Silver 60.68 68 73 -V seems to match exactly
the 5' contour

62-4 Pigs Eye 547.91 511 IV | much swamp to east &
south

62-5 Caseys 8.02 14 VA basin slightly larger,
mainly open water

62-6 Kohlman 72,07 84 VA basin (depression)
larger

62-7 Gervais 205,07 234 206 135 138.75 v | basin larger than lake
sunf

62-8 Savage 17.32 46 v I35E now cuts through

' lake; basin much larger

[ ~ than water area
' reeds & emergent vegq.

62~-9 Round 10.24 14 VA | basin larger than
actual lake

62~10 Keller 70.93 72 VA | basin larger

62-11 Wakefield 15,58 23 VA 1/5 shoreline is marsh;
basin slightly larger

62-12 Round 18.01 23 v marsh in area to north

> that appears to be basin
62-13 Phalen 191.09 193 192 124 127.65 v basin slightly larger
62~14 no name 6.91 18 VA basin larger than water

area; marshes to NW &
SE



JAcw:e d.

1 T T | ACYes " [ Acres
: Counted Basin Lake Depth > | Depth =
Lake No. Name Acféage Acreage Acreage 10 feet | 10 feet Type Comments
62~15 Sandy not 22 VA sludge basin, St. Paul
visable . water supply
62-16 Beaver 68.91 65 VA marsh to NE; small
bit to south
62-17 no nama 17.35 24 . : Iv marshy & swampy
62~19 Black 9.78 120 ' v surrounded by marsh:
: eliminated by air photo
62-20 no name 3.78 22 A v eliminated by air photo
62-21 Tammarack | 1.56 69 - III | eliminated by air photo
62-22 no name 1.56 10 ' VA | marsh; inaccessible
62-23 no name  |not visable |- 14 VA swamp
62-24 Birch 107.56 127 o VA | 96-county road G-now
' ‘ . .goes through south end
62-25 ox 7.36 13 VA pond, swamp, some open
| water; 96-county rd. G
goes through
62-26 ne name 5.80 12 : v southwestern & northwest-
ern shores-marsh,narrow
strip connecting top &
bottom
62-27 Gillfillan 89.80 87 : ' . VA
62-28" Sucker 56.70 59 60 12 25.53 v St. Paul water supply
62-29 Bagswood not vis. 110 ’ III | eliminated by air photo




Cc & - g

. . Acres Acres
Counted Bagin Take Depth = | Depth =

Lake No. Name Acreage Acreage Acreade 10 feet | 10 feet Tvpe Comments

62-30 Lambert not vis. 542 IIT | eliminated by air photo

62-31 Grass not vis, 84 ‘IIT | eliminated by air photo

62-32 Rice 1.563 121 IITI| eliminated by air photo

62-33 no name not vis. 87 v eliminated by air photo

6234 Goose 122.64 152 VA US 61 goes through

£2-35 no name 2.67 10 IV | eliminated by air photo

62~36 _Priebe 3.13 17 VA narrow; surrounded by
‘houses now; used as
neighborhood pond

62-37 Gem l6.24 20 VA marsh at SE end, basin

. slightly larger than
lake
! . :

62-38 vadnais 568.52 477 v marsh in SW & NE has wate
on printout, also water
separate from lake in
marsh; road there too
narrow to show; St.Paul
Water

62-39 Twin 25,12 37 35 25 12.21 v some marsh to SE & NE

62-40 Willow 30.47 - ~75 IV | surrounded by marsh,basin
(depression)much larger
than water surface

\
62~41 no name 8.02 15 VA surrounded by marsh; very

shallow, some construc-
tion one side & homes:
basin large



4 1 -
. plel T
Acres Acres
Counted Basin Lake Depth = | Depth =

Lake No. Name Acreage Acreade Acreage 10 feet | 10 feet Type Comments

62-42 no name 6.91 12 VA basin slightly larger

62-45 Long 4.42 111 III eliminated by air photo

62-46 Pleasant 553.88 585 627 369 376.29 Y marsh at northwestern edge

62-48 Bennett 19.57 41 IIT |surrounded by marsh;
eliminated by air photo

62-49 Lanton 16.28 35 v surrounded by rushes,
some open water, emerdgent
veg.

62-50 Wilson 1.56 L9 Iv leliminated by air photo

62-51 Robinson 3.78 28 IT eliminated by air photo

62-52 Poplar 1.56 19 IV leliminated by air photo

62-53 no name 9,13 15 VA exit ramp from route 36

. to route 51 cuts into;

some marsh, golf course
on cast, housing to north

62-54 McCorron 62.20 71 70 50 44 .40 v a little marsh in NW,
basin slightly larger

£62-55 Como 63.36 69 12 18 7.77 VA basin slightly larger
than water surface

62-~56 Owasso 333.28 360 355 101 241,98 v marsh at southern and
western end: development

* Y

62-57 Josephine 112.20 110 115 51 69,93 v

62-58 Little le6.24 18 \Y surrounded by marsh

Johanna
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, Acres ACres
Counted Basgin Lake Depth = [Depth =
Lake No. Name Acreage Acreade Acreage 10 feet |10 feet Type Comments
62-59 Marsden 1.56 291 Iv eliminated by air photo
62-61 Turtle 418.46 444 447 216 330.78 v
62-62 Charley 29,56 31 VA
62-63 no name 3.13 32 II eliminated by air photo
62-64 Martha 10.24 34 v eliminated by air photo
62-65 Sunfish 7.36 12 VA eliminated (enclosed by
Twin Cities Arsenal)
62-70 Round 100.920 122 v
62-71 Valentine 50.48 58 60 5 16.65 VA |constriction to approx.
; 300 ft. at northern edge
62-72 Karth 9.58 15 VA swamp, appears to have
, d been partially f£filled ir
62-73 Snail 138.42 198 185 25 88.80 \' small separate section
: in NW visable on print
out (is very shallow
w/much veg.)
62-74 Grass 1.56 146 v eliminated by air photo
62~75 Island 44 .29 63 VA 4 lane highway (694)
put through upper sectit
A some of lake taken
“62-76 Jones 8.02 28 v emergent veg., only
small area of open
water, marsh all around



lco il

Acres Acres
Counted Basin Lake Depth = |Depth =
Lake No. Name Acfﬁage Acreage Acreage 10 feet |10 feet Type Comments
62-78 Johanna 189.49 211 225 162 143.19 v
62-79 no name 6.46 11 VA pond
62-80 Emily 5.80 12 VA highway along eastern
length houses on western
62-81 Mud 9.13 16 VA surrounded on western
' half by houses & rushes
on eastern
62-82 Wabasso 36.67 47 46 20 17.76 v surrounded by marsh (or
rushes) about 50 yds.
"|to open water
19-79 Pickerel 94.94 52 Iv steep side to SE (causes
‘ shadow marsh to S & NW
N toward river; RR through
the top
!
6350.363 10965 . :
82-167 White Bear 2383.57 2410 - 2479 1924 2065.71 v

For location of lakes consult rhap on page 9.

1.
2,

3.
4.
5.‘
6

7.

number of points on computer printout in the range 0 through 5 multiplied by 1, 104N + , 4531,

acreage of lake basin as indicated by Bull. 25, Div. of Water, Soils & Minerals, Dept. of Natural Resources,

from 1949 data

acreage by planimetry from Div. of Water, 80115, & Minerals maps ranging in age from lake to Iake
acreage by planimetry from Div, of Water, Soils, & Minerals maps ranging in age from lake to lake
number of points on computer print out in the range 0 through 1 multiplied by 1.104N + , 453L

Lake type established by Metropolitan Inventory of Lakes, Dept. of Conservation, Fish & Game Commigsion

Ir -
nur -

grags on sedge meadows
shallow marsh

Iv -
v -

deep marsh
fish lake

VA -

marginal fish - game lake

comments refer to field checking and air photo interpretation (1968 - Mark Hurd photos) done for Ramsey County
_ Lake Surface Zoning Study and reference to topographic maps (USGS - various years)
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One problem encounFered in this study was that things other
than water fell in the interval 0 through 5. Along with water
were éloud shadows and heavily industrialized areas.. It seems,
however, that consideration of band 5, which enhances cultura;
fgatures, will enable thg élimination of those areas in.the
interval 0 through 5 which are not water. ©n band 5, the
heavily industrialized areas seem to show up as much lower
numbers than the lakes. Cloudrshadows can be distinguished
by associatiné them with clouds on band 5. By looking in the
appr0priéte direction, given the time of day of the photo and
the tiﬁe of fear, one encounters an area, somewhat smaller
than the cloud shadow, of very high numbers, higher than ahy
thus far encountered in this study. Thus, by sc%nning the
photeo, cloud shadows can be distinguished from wéter. Alter-
natively, photog from different dates could be compared to-_

detect the presence'of clouds.

Sandy lake, 62-15, was not visable. It is likely that
62~15 was nearly dry at thz2 time of the photo; it is a water
supply lake, and theréfore highly fluctuating.

It seems that lakes dowﬁ fo a two acre size can be located
by this technique. This is a much better performance than that
obtained by a visual mapping project conducted by the Department

of Geography of the University of Minnesota. They had approxi-
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mately a ten acre.threshold viewing size for small water bodies.
They also noted difficulties in the discriminafion of lakes and
cloud shadows and of lakes and freshlylplowed.fields.* The
latter difficulty was not encountered in this study due to the
lack of agriculture in Ramsey County.

’ In conclusiocn, it se;ms that the technique of determining
“and monitoring lake acréage would provide adequate information
for the various purboses discussed earlier.

Numerous water areas not designated as lakes, perhaps due

‘to their periodic nature, were noted on the computer print out.
.Thgse corresponded‘to areas of water or sﬁamp on the USGS topo-
graphic maps. Since the apbearance of lakes is a reflection
of the ground water le?el, water fluctuation in a swamp area
of known elevation could be used to calculate the water table
fluctuation. This fluctuation méylbe due to natural causes
‘or human intervention. This information, when combinea with
‘other information dealing with inflow and outflow from a lake
by surface systems, would enéble the determinétion of mass
budgets for lakes. |

con 0T

*"ppplication of ERTS-1 Imagery of State-Wide Land Information
System in Minnesota ", ERTS-1 Application to Classification
and Mapping of Water Resources in Minnesota; ™wight A. Brown,
Ralph Sanders, Jack Flynn, and John Harrington, Department
of Geography, University of Minnesota.
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This acreage calculation method could also be‘valuable in
the typing of lakes. A comparison of counted.acreage yith
basin acreage and couﬂ%éd acreage from 6 through 9'coﬁld lead
to a useful classification of lakes. Jack Flynn, working on
thgrRamsey County Lake Sqrface Zoning étudy'for the Minnesota
Land Management Inforﬁation Systems Studé, felt £hat this
- computerized evaluation technique would be of great value td
the classification.of lakés.. Some lakes, not eliminafed by ‘
alr photo, were discovered to be marsh on field checking.
Others were discovered to be inaccessiﬁle due to being completely
surrounded by marsh. B3 c0mputerized evaluation'using ERTS-
data rather than outdéted aerial photos could ha?e-led to more

efficient use of costly, time-consuming field work.
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Trout Lake Area Study

- This area was chosen for analysis because of the- availability of an
ERTS cloud-free coverage and the availability of ground truth, The ERTS
frame used fér the data source was 1075-16312, an October 6th overpass,
The ground truth was obtained from aerial photos, county maps, quadrangle
maps and a land use map produced by the Department of Geography of the
University of Minnesota from ERTS photos. A line printer grey map of band
7 was used to register the ERTS data with lakes and rivers on the ground
truth map. The 4/24/69 aerial photo for the ground truth map was taken
by Mark Hurd Aerial Surveys, Inc, The ﬁnivérsity of Minnesota land use
map was the principal source of ground truth with the aerial photo being
used as a verification of the uses assigned on that map.

Land use, for this particular Iron Range study, was divided into nine

classes:
Class Name | Number
1 _ Hardwood 11
2 ‘ - Conifer ' 12
3 Water | 31
4 Water in mines 32
5 - Wetlands : 40
6 Mines o : 61
7 Tailings 62
8 Open 70
9 Urban : 80
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These classes represented all the distinet land uses within the area.
When a class sample was identified on the density level map, it was delin-
eated and labeled, This lprocedure was continued until the number of samples
within each class was sufficient to establish the class' character. With the
character of each class determined, automatic classification could proceed.

In an effort to decrease the number of classes, the original nine
classes were compressed to six in the following manner. The compression
was done by using the minimum, maximum, mean, and standard deviation
information as well as information about the land uses themselves, Thé
nine classes were merged into six as follows:

Feature New Class
Hardwood (11) -1
Conifer (12) |
Water (31)
Water in mines (32)
Wetlands (40)
Mines (61)
'Z_[‘aili_ngs (62)
Open (70)

e S O T R TR

Urban (80)
Wetlands were put with mines and tailings not only because their numerical
values were similar; but, also, because their occurrence in this area seems
to be mostly the result of mines and tailings EL ;5:., part of tailing ponds).
The training set contained a total of 2855 samples with 543 in class 1,
381 in class 2, 327 in class 3, 1256 in class 4, 214 in class 5, and 134 in

class 6. In order to determine the separability of classes, the mean, stan-
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dard deviation, minimum and maximum were computed for each class,
| for each spectral band and for each of the six channels per band,

The difference between the means for leach class compared to the
difference between means per channel is a measure of signal to noise ratio,
This data, which is listed in detail in Table II, is plotted in Figure 2. The
ratio of o2 (class)/o? (channe]) indicates a relative signal to noise figure.

If this fatio decreased to unity, it would indicate that the banding effect over-~
shadowed class differences and a need to normalize the channels,

The training data used to train the automatic classifier; that is, a set
of weights, were determined such that the training set was clustered around
points equidistant from one another. When this set of weights is determined,
an iteration is performed on the a priori ﬁrobabilities to reduce the number
of miéses. |

Each iteration of the K-Class program provides the number of misses
'along with a confusion matrix by percent and by samples, 'i‘he minimum num-
ber of errors was obtained in the sixth iteration., An overall accuracy of 77, 6%
was achieved (see Table IIT).

Upon reaching the minimum number of misclassifications, the iterations
are terminated and a list of the misses at that point are printed out. The list
éontains the ID number of the element, its assigned class, and the class de-
‘cided upon by the K-Class program., A comparison of this information with
thé ipput data from the four bands and the minimum-maximum data for each
class aided in the explanation of particular mzss;es.

Some misses arise from the erroneous designation of training samples,
A comparison of the printout of sample location, designation, and data of each

band and the maximum-minimum information with the density level map reveals
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Table II,

Probability Distribution of the Data as a Function of Channel
Over the Four Spectral Bands '
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_ Table II {continued)
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Table II {continued)
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Table II (continued)
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Table II (continued)
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Table III,

Confusion Mairix for the Trout Lake Area

Confusion Matrix in Percent;

i
Classifier Assignment
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many of these erroneous designations., Often the values within a data block
were very uniform except for one or two points on the peripﬁery. These
peripheral points usually fell on or very near the minimum-maximum sheets.
Upon checking the location of these points on the density level map, it was,

in most cases, found that they were not actually part of the class with which
they had been grouped, but were part of a neighboring class,

" The inclusion of these peripheral points in the wrong class caused an alter-
ation of the minimum-maximum values of that class. That is to say, the in-
clusion of some hardwoods with open would cause the distinctions between the
two classes; expressed by the mmﬁnum-maximum values for each channel to
be blurred., Thus, numerous cccasions would arise when an element could be
~ classified in one of two ways. A correction of these erroneous training samples
would eliminate some of the extremes in classes (i.e., lower the maximum and
raise the minimumy); therefore, further separating the classes and allowing
the K-Class program to operate more effectively,

In two instances, the wrong column or row number was punched onto
the computer cards, Thus a whole training set data block was erroneously
classed, Correction of this error would have the same effect as the correc-
tion of the previous type: elimination of extreme values in classes,

The misses thus far discussed have been hﬁman errors. Others
occurred because of the overlap between classes, For two classes to be
distinguished from one another 100 percent of the time, none of their values
may overlap; i.,e., the mé.ximuin of one must be less than the minimum of

the other, This is generally not the case,
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For example, the values for open and conifer overlap in
bands 4 and 5 but not in 6 and 7. Conifer and urban overlap
in bands 5 and 7, but not in 4 and 6. The two classes of water |
and conifer oveélap in bands 4 and 5, but not in 6 and 7. Natural
watgr can be distinguished from water in mines by band 4 énly.
This is an important dis£inction; because, natural waters
(lakes, rivers, reservoirs) can be used for recréational
pPurposes, while water in mines can not. Hence, when taking a

total of all useable waters in an area, water in mines should

not be included. Hardwoods can be distinguished from tailings,

mines, and wetlands by band 7 only. Whereas Hardwoods and conifers

can be distiﬂguished by 6 and 7, they cannot by 4 and 5. In

over half of the misses that oécurred the wvalue Qf at least

one of the bands dia not fit within the minimum-maximum values

for the class decision. i
Some classég, however, overlap at least to some degree?in

all of the four bands. Mines and tailings overlap, but this is

not of extreme importance because they are both in the class

éxtractive. Hardwood and open coopletely oﬁérlap, as do hard-

wood and urban. 1In the case.of the forﬁef, hoﬁe?er, their means

are different enough to suggest that tha elimination of the

gerroneoﬁs peripheral data elements mentioned earlier may cause

their values to separate. This seems much less likely in the
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caée of the latter. Open and urban aléo overlap on all four bands.
Their overlaps are slight enough, especially in band 4, that
they could at least be lessened by eliminat;ng erroneous data.
B A comparison was made of the data from the Tiout Lake area
"with that of Pineville, located northwest on the same photo,
The two areas were énaljzed using a different method for deriv-
ing the ground truth and therefore the training samples. The various
classes were compared using the minimum-maximum sheets of the
two areas.

Values for hardwoods in the two afeas matched in bands 6
and 7 with the mean for Pimeville being slightly higher, but not
in bands 4 and 5, where the Trout Lake means are higher, Conifers
matched except for band 5 with, again, Trout Lake's mean being
higher. Urban matched well in all four bands. Opeﬂ matched in.-
"band 6, but only overlaps in Bands 4, 5,'énd 7 with Trout Lake's
mean consistenfly higher. ©No comparison could be made of-extréc;
tive due to the diffefencas in the extractive classes used tex—
tractive 1, 2, 3 and.4 in the Pineville study verses mines,
tailings, and water in mines in the Trout Lake study.)

These differences may have occurred due to tﬁe ;elative
locations of the areas on the photo or more likely, they are

due to differences in ground truth interpretation, since the two

studies match in such easy to identify classes as urban.
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The ground truth for Pineville was delineated with high altitude and regular
aerial photos, while Trout Lake was delineated using landuse interpretations
from ERTS photos'with aerial photos as a backup. In the latter case, quali-
fied land use interpreters had already decided what could or could not be desig- _
n;ated from satellite photos, --
Since ground truth for the two areas from photo 1075-16312 was not
obtained in the same manner, the comparison of the results of the two areas
cannot be considered conclusive. In the next experiment to be described,' two
areas (Pineville and Virginia) on the same photo were analyzed using the same
procedure'f'or obtaining the ground truth. This study was performed to deter-
mine the transferrability of class interval designations from one part of an

ERTS image to another,

Pineville Virginia Area

The next ERTS image analyzed was 1057~16311, a September 18th cover-
age over Virginia and Pineville in northern Minnesota, These two cities are
approximately 20 miles apart. In this experiment the training set was obtained
over f‘inéville and the training weights obtained were applied to the VirginiaA
area. This particular image was cloud-free but contained banding on —MSS 4
and MSS 6. |

One of the six channels on Band 7 (channel 2) was attenuated with respect
to the other fivée. This produced an image with repetitive bands spaced six
scans apart, A signal of this type and its Fourier Transform is shown in
¥igure 3, The Fourier Transfdrm computed from the ERTS data in which
every sixth line is attenuated is shown in Iigure 6. This spectrum was com-

puted from word 200 of 256 scan lines; that is, from one column of the image



—44-

‘A(t)
. : I
_T=6t1
-&-tl—aa- t“—‘f"
Cn

Figure 5.
Fourier-series Coefficients for a repeated Rectangular Puise

Pl



—45—

3.000

2.500

2.000

1.5004

PSD - SQRT (ENERGY)

'1.ooou___A

. 5000 % ,m — .

0] 25 50 75 100 125 150

FREQUENCY

PINEVILLE (1057-16311)
BAND 4 -

Figure 6. Power Spectral Density



-46-

matrix, A direct comparison can be made between the spectrum from band
4 in Figure 6 to the spectrum of band 5 on Figure 7, Both have the same
vertical scale. Since band 5 does not have banding (all 6 channéls have equél
gain}, the two spikes at 43 and 86 are absent, , ' o -

N Band 6 had one channel {channel 5) with intermittent drop-outs provid- .
ing a broad spectrum of noise, as shown in Figure 8, This curve can be
compared with band 7 in Figure 9, a band having no drop—puts. Asg expected,
power épectrum on Figure 9 is much lower.

Because of the banding problem, three classifier fraining sets Wefe de-
rivéd ; that 'is, classification weights were determined for chanﬁels having
consistent gain 1, 3, 4, 6. Separate weights were obtained for channel 2 be-
cause of the attenuation on band 4. Separate weights were also obtained for
channel 5 because of its sporadic dropout on band 6, Thus one set of weights
were used on scan lines 1, 3, 4, 6, 7, 9, 10, 12, etc. Another set of weights
ivere used on scan lines 2, 8, 14, 20, etc, A third set of weights were used

for scan lines 5, 11, 17, 23, etc.

The classification accuracy for the three is approximately equal. The

percentage confusion matrix for six classes based on four channels 1, 3, 4, _.6

of data is shown In Table IV,
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Table IV,

Pineville Confusion Matrix in Percent

Classifier
ssign.

Ground truth Hdwd con Res Open Mine Tailings
Hardwood 89.9 4.3 .6 5.2 0 Q
‘Conifer 3.0 89.7 0 .4 .4 6.5
Residential 0 0 95.7 3.2 1.1 0

Cpen 33.7 1.2 9.3 55.8 0 0

Open Pit Mine 0 .2 6.5 .97‘ 89.8 1.9
Tailings 0 7.5 0 0 .2.5 89.9

The overall accuracy for the data from these four channels was 87, 5%.

' The overall accuracy is computed by summing the samples on the diagonal of"

the sample confusion matrix shown in Table V and dividing this sum by the

total of all sampleé,
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Table V,

Pineville Confusion Matrix, Samples

Classifier

Assign.
Ground Truth H C R 0 M T
Hardwood 295 2 1 0 0
Conifer : 7 208 0 1 1 15
Residential 0 0 89 3 1 0
Open 29 1 8 48 0 B 0
Open Pit Mine 0 1 7 1 . 97v_ 2
Tailings o) 12 ‘ 0 0 | 4 143

The classification accuracy based on the data from chénnel 2 was 89. 7%,
The classification accuracy computed from channel b was 86,5%. One woulc.i_’
expect this to be lowest because of the sporadic dropout. One would also '
expect that the accuracy from a single chamel of data would be higher than
from a combination of channels having slight variations in gain, This is
evidenced by the performance on channel 2, where the accuracy is highest
even though the signal is attenuated,

The tﬁematic map generated for the Pit;ex;ille area is shown in Figure

10, The classes in going from light to dark are Open, Conifer, Hardwood,

Urban, Tailings, Open Pit Mines, and Water.
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This thematic map was generaied using a scquential test to separate
out water and tailings, Water was isolated by those values less than 5 on
band 7, Tailings were determined by those values greater than 27 on band
9. The other six classes were classified with K-Class based én all four MS'S
bands., Open pit mines appeared to have a bi-modal distribution and were
broken down into two classes, A block diagram of the classification process
is shown in Figure 11,

A comparison can be made between the computer generated thematic
map in Figure 10 and the ground truth map shown in Figure 12. The two maps
are very similar, indicating that most of the classes are detected accurately,
As shown on the thematic map, the class "Open'" appears to have the greatest
number of errors, The scattered single "Open" indications in the thematic
map in Figure 10 may actually be isolated Open areas in the Forested region.
One does, however, expect a larger error in this class, as seen in thé con-
fusion matrix in Table IV. One reason for the large error in this class may

be because of the relatively s-mall number of training samples, |

Data from éhaﬁnel 7 of 1125—-16320, a November 29, 1972 coverage, WE;S
added to the September coverage in an effért to improve classification accuracy.
With five bands of multispectral data, a classification accuracy of 89% was
obtained for the four channels 1, 3, 4, 6. This compares with 87, 5%

obtained with the single September coverage only,

-

The next experiment performed was the application of the weights ob-
tained over Pineville to the Virginia area. The three sets of weights were
. used for the different channels; that is, a set for scan lines 1, 3, 4, 6, a
set for scan line 2 and a set for scan line 5, Figure 13 shows the thematic
map generated over Virginia based on the Pineville weights, The confusion
matrix for Virginia was derived by selecting random samples from the image

and comparing the actual class of that point with the classifiep assignment,

The confusion matrix obtained in this manner is shown in Table VI.
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Table VI,

Virginia Confusion Mafrix

Classifier
Assgign.
Ground truth F R 0 M W T
Forest 3745 26 31 6 1 6
Residential ‘84 155 94 31 1 . 39
Open 376 30 484 15 0 16
Open Pit Mine 42 9 17 203 2 85
water 11 o0 1 1 138 5
Tailings 21 22 10 57 5 198

The overall classification accuracy of 82, 4% is 5. 2% less than the
overall classification accuracy over Pineville. This indicates that perform-
ance does not drop appreciably when the weights obtained from ﬁ training set®’
are used for a test set which may be an area 20 miles away. A second eval-

uation of the accuracy of classification can be made by comparing the computer

generated thematic map in Figure 13 with the ground truth map in Figure 12,

Ramsey County Metropolitan Area

The final area considered in this study consisted of Ramsey County,
which contains the city of St, Paul, Minnesota., Data for this ares was ob-

tained from the ERTS coverage 1075-16321, an October 6th, 1972 cloud-free
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overpass, The four multispectral bands were used for features in perform-
ing automatic classification., In addition, textural features were used from
bands 5 and 7. Severe banding was experienced on Band 4 because channel 2
provided a very low signal output. To accomodate thié anamoly, two sets of
classification weights were utilized; one set was derived from all four bands
but excluded channel 2. The second set used channel 2 from bands 5, 6 and 7
to fill in the missing data.

Three experiments were performed as follows:

1, USing multispectral data only.

2. Using multispectral plus texture from band 7.

3. Usiﬁg multispectral plus texture from bands 5 and 7,

Four classes were delineated--Water, Residential, Open and Urban,
These classes were selected on the basis of availability of training data., The
two classes Agriculture and Forest are included in the Open class, since very
few samples of this type are available in Ramsey County,

The multispectral features consisted of the four MSS bands (or three
for chanunel 2), Texture was added to these features. Texture was obtainedi_
from the Slant Transform coefficients obtained from a 4 x 4 array of data |
points, When only mliltiSpectral data is used, the classification accufacy is
about 94%. This performance is obtained using the same data set for training
_and testing. By adding texture, the performance increased to 100%; however,
this again is based on the same training set z.a:nd test set,

A more realistic evaluation can be obtained by comparing the thematic
maps generated by the various procedures, The thematic map obtained using
multispectral data alone is shown in Figure 14, The four classes Urban,

Water, Open and Residential are plotted from dark to light.
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FIGURE 14 RAMSEY COUNTY THEMATIC MAP USING MSS DATA ONLY
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When adding texture from band 7, the thematic map shown in TFigure 15
was obtained. This map was made by making class assignments on individual
pixels; however, the texture portion of the feature wasg constant over the
4 x 4 array, This accounts for the block like appearance of the thematic
map. Most of the block sizes are 4 x 4.

Tﬁe actual ground truth for Ramsey County is shown in Figure 16, Al-
though this map ié 5 years old, thé general location of these four classes is
accurate. In selecting the training set, updated land use maps were used.
These were done by Joe Gibson of the ﬁniversity of Minnesota Department

of Geography.

IV, Conclugions

It haé been shown that automatic clagsification of broad claisses simi~
.lar to Anderson Level One can be 'pér'fo‘rmed with an accuracy better than
90%, Multi-temporal coverage is very helpful for improving classification
accuracy. An improvement of 1.5% was obtained over Pineville by adding a
November coverage to a September coverage. Texture is also useful for
improving clagsification accuracy, an ifnprovement of 6% was noted in the
metropolitan area study.

Automatic classification using digital da";a can distinguish more classes
and smaller areas than manual photointerpretation on imagery. TFor example,

it has been shown that water bodies of legss than an acre gize can be detected

from the digital area.



FIGURE 15 RAMSEY COUNTY THEMATIC MAP USING DENSITY AND TEXTURE
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FIGURE I6 RAMSEY COUNTY GROUND TRUTH





