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PRECEDING PAGE BLANK NOT FILMED

The number of display/map print files at Austin, Texas, and
Richland, Washington, will be as follows:

Number of display/map print files
Program :

Default .Minimum Maximum
PICTAR 1 . | 4
CLASSIFY 1 0 1
PRTDENS -1 1 1
PRTCLASS 4 1 9

2.3 SUPPRESSING SPECTRAL LIMITS DISPLAY FILE

If‘the user employs the PRINTER command in the CLASSIFY program
to specify 0 files, then the print file containing plots of the
spectral limits and summary information on the detection window
will not be generated.

3. ERRORS AND FIXES

All errors encountered up to December 1, 1978, have been

fixed.

3.1 ERRORS CORRECTED

UNIVAC symbiont error "TYPE 2, CODE 45" (input/output error on
creating output. alternate print file) was caused by exceeding
the assigned file size‘(eight positions). This has been fixed
by doubling alternate print file size to sixteen positions.

UNIVAC input/output error "TYPE 1, CODE 21" (attempt to
reference file name for which no assignment has been made) was
caused by failure to check for null "DO" loop parameters when
reading density files in subroutine READ2N. This has been
fixed by inserting an explicit test before the "DO" loop.



DAM.PRTCLASS fatal error "READ2N LINE ERROR" was caused by fail-
ing to read from density files when the first scan line of a map
was the same as the last scan line of the immediately preceding

map. This has been fixed by modifying READ2N so it always reads

from the density files.

3.2 EKNOWN ERRORS

The following error encountered in early December (after the
release of version 7807) has been diagnosed and corrective
patches will be made to version 7807 in the field.

Garbled data, with the upper left corner of the scene (or strip)
repeated at other locations within the scene, may be written in-
to the density files by CLASSIFY if the tape drive malfunctions
and the operator repositions the tape to the beginning without
reporting this to the program (through the operating system).
Although this causes error termination of CLASSIFY, the density
"file(s) are not marked as defective. A fix to mark the density
files as defective has been developed for field installation.

4. MISCELLANECUS ENHANCEMENTS
Detailed syntax for these new capabilities is given in appendix A.

4.1 SUPPRESSING UNIT 0

Both RPC's requested  the capability in PRTCLASS to selectively
suppress the symbol legend and tick table on UNIT 0 for specific
maps or groups of maps. This has been implemented under the
control of the new LEGEND mode option. To initiate suppression
of UNIT 0, enter OFF,LEGEND. To enable printing of UNIT 0, enter
ON, LEGEND., The default LEGEND setting is ON, and it is recom~
mended that the 1:250,000 overview map be generated with UNIT 0.



4.2 ARCHIVE DETECTION FILES

The COE had requested the ability to archive detection files on
tape as the first phase of a change detection capability. The
new DITCOP program has been developed to support this. DITCOP
should only be used where there is need to use the same density
files at least three or four times on different dates. If this
is not the case, it will generally be cheaper to recreate the
density files afresh rather than save them on tape and then
restore them to disk.

4,3 NEW DEFAULTS

The default values for some mode options have been changed to
reduce the amount of printed output from batch runs, as requested
by the RPC's. -

-~

4.4 SIMPLIFIED RUNSTREAM

Two @ADD elements, developed for the Western RPC to reduce the
amount of repetitive keypunching, when all four strips on a single
reel of tape are to be processed, are included in the new soft-

ware version. Their usage is as follows:

@ASG,BOTV 3.,U9,tape# @ASG,BOTV 3.,U9,tape#
@QLOCATE,L 3.,1 @LOCATE,L 3.,1

@XQT PICTAB @XQT CLASSIFY
user-commands - user-commands

EXIT EXIT

@ADD DAM.PICTAB-1-4 @ADD DAM.CLASSIFY-1-4
@FREE 3. @FREE 3.

@FIN @xXQT PRTCLASS



5. DETECTING MIXTURE PIXELS

The standard spectral limits provided with the DAM software
classify as water (regardless of depth, turbidity, or sun
elevation angle) only those MSS pixels whose surface is entirely
water. Water-land mixture pixels at the edge of a water body
are spectrally similar to water-land mixture pixels within a
marsh, and so are not classified as water. (Certain pixels

in shadowed, urban, and industrial areas are also similar
spectrally to these water-land mixture pixels.)

The approach described above has the advantage of minimizing
"false alarms”" (pixels classified as part of a water body when
they are not), but the disadvantage of missing edge pixels
along the shores of water bodies. 1In the case of water bbdies
narrower than twice the MSS instantaneous field of v1ew (IFOV} ,
or 158 meters (2 -times 79), a body may contaln no non- edge
pixels and so be missed entirely; or its non-edge pixels may be
discontiguous.

Most attendees at the DAM.Package Users Conference, held
October 11-12, 1978, at the Eastern RPC in Nashville, Tennessee,
felt strongly that pixels spectrally close to water should no

" longer be ignored, but instead mapped with different symbols
than those used for water. The remainder of this report
details the technical approach, software modifications, and
user interpretation involved in achieving this goal.

5.1 TECHNICAL APPROACH

At least two distinct factors enter into estimating the
probability that a pixel not 100 percent water nevertheless

contains a significant percentage of surface water:
o Spectral distance from spectral limits for water

o Spatial distance from pixels which are 100 percent water



In other words, a pixel is more likely to contain some water if
it is spectrally very similar to water or if several pixels

contiguous to it are 100 percent water. If both these factors
are favorable, then the probability of having a water-land mix-

ture is increased even more; hence these factors are additive.

5.2 SOFTWARE IMPLEMENTATION

The internal detection files, created by the CLASSIFY program
to store density data for each pixel, and used by the PRTCLASS

program in generating maps, have been modified as follows:

a. Pixels with densities between 10 and 1% are 100 percent

water.

b. Pixels with densities between 0 and 9 are not 100 percent
water.

c. Density values below 10 represent the probability that a

pixel is partly water.

d. These density values under 10 equal the count of pixels
adjacent in space (8 maximum) which are 100 percent water

plus 1 if the pixel itself it "spectrally close" to water.

e. "Spectrally close" to water means within a certain user-
specified TOLERANCE of the spectral limits for water.

The PRTCLASS program reads the internal detection files and
examines the densities for all pixels which register to each map
print character. All pixels outside the current (default or
user-specified) density range are ignored. For each map print
character, the densities of all its pixels within the current
density range are added up and this total count printed with the
equivalent symbol. Thus, the count added for any individual
pixel may range from 0 through 19. A default or user command
may, however, specify some number less than 19 as the maximum
count per pixel to be added. (Previously the maximum count per

pixel was always 1l.)



The default commands in version 7807 are set so that these new
capabilities will not be activated unless requested by entering

the appropriate user commands. !

5.3 USAGE

A new TOLERANCE command (see appendix A) has been added to the
CLASSIFY program. This command specifies the distance in
radiance units from the spectral limits within which a non-
water pixel will be considered "spectrally close" to water.

Typical suggested use of this new command is shown below.

TOLERANCE, 0 ¢+ (default)

. PCLERANCE, 1 ' ¢ (for sun angles 30° ~ 40°)
TOLERANCE, 2 (,, (for sun angles 40° ~ 50°)
TOLERANCE, 3 ,r (for sun angles 50°~ 60°)

These suggested values are experimental and preliminary, and
should be used with caution. ’

Even though a non-zero tolerance has been specified to CLASSIFY,
the PRTCLASS. program will generate the same maps as if the
default zero tolerance had been used unless the user overrides
the default commands in PRTCLASS.

The DENSITY command in PRTCLASS has. been extended so that the

user can specify all of the following:
0 Minimum density

o Maximum density

o Maximum count per pixel

Default values for the DENSITY command are:

DENSITY,10,19,1



This will use every pixel which has a density between 10 and 19
(100 percent water), adding 1 count to the print character for
each of these pixels. This is equivalent to the default output
from pre-7807 versions of the DAM software.

A typical user-specified DENSITY command to map all water pixels
and all "near water" pixels would be:

DENSITY,1,19,5

This will use all pixels which have a non-zero density (100
percent water, or spatially near water, or spectrally near
water), adding the value of the pixel density (but not more than
5) to the print character for each of these pixels. All pixels
which are 100 percent water or have a high probability of being
mixtures of water and land will add a count of 5, while pixels
with lesser probabilities of containing any water will add
lesser counts. Pixels adjacent spectrally, but not spatially,

to water will have a density of 1 and will therefore add a count
of 1.

A typical user-specified DENSITY command to map all water pixels

and those "near water" piﬁels contiguous to water pixels might be:
DENSITY,2,19,4

This will use all pixels which have a density greater than 1
(100 percent water, or spatially near at least 2 water pixels,
or spatially near 1 water pixel and spectrally near water),
adding the value of the pixel density (but not more than 4) to
the print character for each of these pixels. All pixels which
are 100 percent water or have a high probability of being mix-
tures of water and land will add a count of 4 while pixels with
lesser probabilities will add lesser counts. Pixels adjacent

spectrally, but not spatially, to water will be ignofed.



See appendix A for detailed syntax of the TOLERANCE and DENSITY
commands.

See appendices B and C for examples of the output resulting from
the use of these new capabilities.

5.4 INTERPRETATION OF OUTPUT

Appendices B and C show various portions of output maps generated
with MSS data using a TOLERANCE of 2 and several different DENSITY
specifications. These map fragments all‘covgr small parts of
Landsat scene 10037-16244 and utilize the default PRTCLASS sym-
bols (see legend on pages B-3 and C-3).

The 1:24,000-scale map fragments on page B-5 have the default
density range of 10 to 19 and the default count per pixel of 1.
These specifications produce exactly the same output as the
default specifications of software releases prior to version
7807: only 100 percent water pixels are counted and mapped.
This is so, even though a tolerance of. 2 has been used in

creating the detection file.

Inspection of the 7.5-minute topographic, gquadrangle for this area
in southeast Texas shows that a very narrow channel of water
actually connects the four seemingly isolated 100 percent water
pixels in the vicinity of print line 635 and print column 1521
both with each other and with the larger water body to their
left. We would like to detect and map the partial wate£ pixels
falling along this narrow channél, while at the same time pre-
serving information about sm&ll islands at the following
locations:

10



Print line Print column Number of pixels

648 1501 2
627 1499 1
624 1504 1
614 1540 2
614 1532 18

The map fragments on page B-6 have their density range extended
to cover non-water pixels with densities of 6 through 9. As a
result, all the one- and two-pixel islands disappear, but no
pixels along the missing channel appear.

The map fragments on page B-7 have their density range further
extended to cover non-water pixels with densities as low as 2.
Note that all of the islands have now disappeared. The two -
separate groups of isolated water pixels in the vicinity of print
line 635 and print column 1521 have now coalesced, but have not

been linked to the main water body.

On page B-8, the deﬁsity range has been fully extended to cover
even those non—water pixels with den51t1es of l. Note that a
new non-contiguous pixel, midway between the 1solated water
pixels and the main water body, has now been mapped at print line
637 and print'colhmn 1513. Several contiguous pixels have also
been added to the main coastline and to the isolated water pixels

along the channel, but the complete channel has not been mapped.

We note that the sun elevation angle (page B-2) is 55 degrees.
Reclassifying the Landsat tape with a tolerance of 3 instead of

2 might provide better detection of the partially defined channel,
but was not attempted for this réport.

11



In all of the above map fragments, pixels that fell within the
specified density range were always given a count of 1. As a
result, it was not possible to distinguish 100 percent water
pixels from .-"near water" pixels on the maps. Distinéuishing
between these different types of pixels would allow a better
interpretation of the area’actually covered by water, and should
also make the missing islands re-appear. False detection of
marsh was not a problem on these maps, but if it had been, some
distinction between pixels based on density would have been even
more imperative.

The approach taken is to give each pixel a count equal to its
density. However, since pixels with densities over 9 are always
100 percent water, there is no need to distinguish between them,
and they all may be given a count of 10. Even in the case of
pixels with densities just slightly less than lb} their wafer
probébilities may be so high that we wish to treat them as water
pixels. Also by specifying a maximum count per pixel of less
than 10 we keep the map symbols mostly numeric (at least for
1:24,000 maps). '

On any map! regardless of scale, to find the number of water
pixels that have registered to a given print character, we take
the total count for that character {givén by its symbol) and
divide it by the maximum count per pixel:

. COUNT _ PIXEL _

COUNT =+ PIREL, = COUNT W =

PIXELS

When "near water" pixels are involved, such a computation can
result in a fractional answer. The easiest way to think of this
fractional result is as the estimated proportion of the pixel
that is water. Thus, the total size of a water body in pixels
can be estimated by adding the count values for all its print

12



characters and dividing by the maximum count per pixel used in
generating the map. Of course, this result will differ somewhat

depending on the count per pixel actually used.

The map fragments on page B-9 were generated with a maximum
count per pixel of 2. Note that some print characters at the
edge of water bodies have counts of 1l: these should be inter-
preted as "fractional” pixels (one-half pixel). After searching
in vain for "fractional" pixels corresponding to islands in the
lake, we conclude that a maximum count per pixel of 2 is not
sufficient. This is also true for a value of 3, as shown on
page B-10.

On page B-11, the maximum count per pixel has been increased to
4. Note that several characters in the 18-pixel island near
print line 614 and print column 1532 are symbolized for the first
time as containing "fractional” pixels. However, none of the
smaller islands are evident.

On page B-13, using a maximum count per pixel of 10, the 2 pixels
in the island at print line 614 and print column 1540 are sym-—
bolized as 7/10 wafer; Note, however, that the other 2-pixel
island (at print coordinates 648, 1501) is masked by the effectis

of registratioﬁ. None of the l-pixel islands are visible.

The map fragments on page B-12 with a maximum count pexr pixel
of 5, will likely prove easier to work with, since almost all

of the symbols are numeric. A value in the neighborhcod of 5
probably provides a reasonable compromise between the competing
demands of map intelligibility and map detail. Note that
characters in the 18-pixel island are symbolized as three-fifths
water or four-fifths water.

13



At the smaller scale of 1:62,500, more pixels (up to 9) register
to each print character, resulting in even higher total counts
per character. Appendix C illustrates this for several different
density ranges and counts per pixel.

i4
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APPENDIX A

DAM SOFTWARE SYNTAX REVISIONS
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PRIOR TO FRTCLASS.
SAVE HAS

FILECS UMLESS

DENSTTY

THE

CLASSIFY MUST BC EXLECUTLD IN THE SAME RUN,
LASS BESTRCEYS

EXIETI

KOTES

H
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UENSITY COMMAND

DENCSITYID pSMINIMHUMD> 4K MAXIMUMDC ,CCOUNT PER PIXEL>3]

EXPLANETION

B I T ey

~

THIS COMMAND SPECIFIES THE DENSITY RANGE TO BE USED IN PRCCESSING
SUBSEQUENT WINDOWS, OCENSITY IS A DECIMAL NUMBER WHOSE GIGITS HAVE
THE FOLLOWING SIOGNIFICANCE:

TENS UIGIT: 0z QUTSIDE SPECTRAL LIMITS, 1 = INSIDE LIMITS

[}

UNRITS BIGIT: NUMBER OF ADJACENT PIXELS (8 MAx) INSIDE LIMITS, PLUS

1 IF PIXEL IS CUTSIDL LIMITS BUT WITHIN TOLERANCE

EXAMPLES

IEMSITY, 10,10 yr ISCLATED FIXLLS CLASSIFIED WITHIN SPECTRAL LIMITS
DENSITY, 01,09 sy ADOACENT IN SPACE OR RAJIANCE TO PIXEL(S) IN LIMITS
DENSITY, 11,19 sy NON=ISOLATED PIXELS WITHIMN SPECTRAL LIKMITS

DENSITY, 10,19 +e ALL PIXELS WITHIN SPECTFAL LIMITS

DENSITY,O01,1% 59 PIXELS WITHIN SPECTRAL LIMITS OR ADJACENT ,
DENSITY,01+1752 33 SAME, EUT COURT/PIXEL IS MINIMUM GF UDEASITY AND 2

PESTRICTIONS

- - -

1, VALID DENSITILCS ARE FRO™ - T0 19} IRCLUSIVE.
>, YALID COUNT PER PIXEL 1S FRCM 1 TC 17, TNCLUSIVE.
7, COUNT PER PIXEL IS IOMORED LY PRTDENS AND PLTCLASS

PROLPAMS

- ——————
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CFF COMMAND

OFFL,

A UrmooaOr
maMmermMmOI >
[ Nam o o Fou BunTan Ram
i =3
[
[

O EMOE 00
m 9 ZuuC—R D
L~ % L.

OO MIM—

EXPLANATIOM

THIS COMMAMD TURKS QFF AMY OF .THE FCLLOWINC MODE OPTIONG:
TATCH FROCESS XS B AfCH

CHECKQUY CHECK ALL COMMAKDS BUT 0O NOT PERFORM THEM
CONFIRM PRINT COMFIRMATION OF COMMAND SPCCIFICATIONS
DEFAULT PROCESS DEFAULT COMMANDES (NOT LVATILAELL TO

USFik —= MAY NOT BE COMRINEC WITH AMNY OTHER OPTICN)
ECHO ECHU INPUT COMMANLD STATEMENTS
LEGEND PRINT SYMBOL LOGENCS & TICK TABLES
PROMPT MOT YO T IMPLEMENTLE
TRACE TRACE PROGRAM FLOW {(FUR USL I UL3BUGGIMG SCFTHWARE)

EXAMPLES

B el

OFF.,CHECKQUT ,LCHO

RESTRICTIONS

R el L P Y

1. MOGE OPTIORS MOT SPECIFTED FENMAIN UNCHANGED.

PROGRAMS

ALL PROGRANS



N CONMAND

= VrmMmoOoOn?

WM QL T

ODTMEM

Frese ete e

N TMD > THIO
L —=C
[ ]

MUZOCH=X L
=0 ™ 101

EXAPLANATIGA

THIS COMMAND TUREKS ON ANY OF THL FOLLOWING MODE CPTIONS:
8ATCH PROCESS AS DATCH

CHECKOUT CHECK ALL COMMANDS BUT DC NOT PERFOPM THEM
CONFIRM  COMFIKM COMMAND SPCCIFICATIONS

DEFAULT  PROCESS DEFAULT COMMANDS (NCT AVAILAELE TO

USER -- MAY NQOT 3L COMBINED WITH ANY OTHER QPTICN)
ECHO ECHG INPULT COHMANDISTATEMENTS
LEGEND PRI®T SYMBEOL LEGENDS & TICK TABLES
PROMFPT NOT YLT IMPLEWENTED
TRACE TRACE PRCGRAM FLOW (FOR USE IN DEBUGGING SOFTWARE)

EXAMPLES

ON,CHECKQUT ,ZCHG ’

RESTRICTTONS

- a e  —————

1. MODE OPTIONS 50T SPECIFILD REMZIN UMCHANMGED.
PROGRAMS

ALL PROGRAMS

ORIGINAL, PAGE I8
OF POOR QUALITY

A-10
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FRINTER COMMAND

PRITNTERIC, f INCCH I ,CLINESOL 4 <COLUMNS>IT Y ]
PAGEE T ,CLINES > ,<COLUMNS>I]
DEVEICE IE ,<SYSTEM MNEMONICS]
FILLESIC, <NUMREF OF FILESD>J
CONCTROLIC, ( AUTLOD 3
MANCUAL 3
NONLE 3
EXPLANATION
THIS COMMAND IS USED TO OVERRIDE THE NORMAL PRINTER
CHARACTERISTICS FOR &L TERNATE PEINT FILES AT A COMPUTER
INSTALLATION .
EXAMPLES
PRINTCR, INCH 5410 ss & LINES/INCH € 1C COLUMNS/INCH

PRINTEC,PAGE 48P, 132 ey 48 LINES/PAGE & 132 CCLUMNS/PAGE
PRINTEF,DEVICL yRMSP19 4,4 RCUTE PRINT FILE{(S) TO REMQTE SITE RMSPIL9
PRINTER,CONTROLyHONE 4, MO CONTROL OVER LINES/IMCH ON PRINTER

RESTRICTIONS

e e AR A e e

1. THIS CCOMMAND SHOULD BE USED RARELY, ANU THEN CNLY BY
PERSONNEL FAMILIA® WITH THE LOCAL SYSTEMS SOFTWARE.

2+ THIS COMMAND MAY PEC USED ONLY PEFCRE THL FIRST WINDOW IN
THE CURRENT PROGRAM HAS SCCH PROCESSEDR.

A-11



OLEPANCE COMBAND

TOLEERANCEIL (<TOLERANEE IN KRADIANCL>]

EXPLANATICON

-y b —— -

M

THIS COMMAND SPECIFIES THE TOLLRANCE TO 8E APPLIFD IN CLASSIFYI
PIXCLS QUISIDE THE SPECTRAL LIMITS AS 'NEAR HITS'. (A TCLERANC
OF C SPECIFIES NO "NEAFR HITS',.)

CXAMPLES

TCLERANCE,Z2

PESTRICTICHKS

- e

1. VALTID TOLERANCE VALULS AFE FROM TO &4 INCLUSTVE.

[t

FROGRAMS

CLASSIFY

ORIGINAL PAGE 1S
OF PCOR QUALITY

A-12



APPENDIX B

SAMPLE PRTCLASS OUTPUT AT 1:24,000

e

PRECEDING, PAGE ELANK NOT FiLMED .
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