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ABSTRACT

Satellite imagery for the State of Pennsylvania was digitally mosaicked to
provide the seed data base for monitoring defoliation of hardwood trees by the
gypsy moth. Two separate mosaics for the state were prepared, one before
defoliation and one after defoliation, to determine the extent, direetion, and
impact of gypsy moth activity in the state. The digital mosaic technology
used to construct the data base was transferred to Pennsylvania State Univer-
sity to permit periodic updates toc the data base and to assist in planning and
abatement activities. Participating agenciez or institutions included Goddard

Space Flight Center and the Pennsylvania State University Office for Remote
Sensing of Earth Resources.
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1.

QVERVIEW

This report documents the efforts expended at JPL in providing image
processing support to the Pennsylvania Defoliation Applications Pilot
Test (APT) sponsored by NASA and Goddard Space Flight Center, The

objectives of the JPL task were as follows:

A1)

A.2)

A.3)

B.2)

B.3)

C.1)

Phase I Testing - Geometrically correct all four bands of two 1979
Landsat scenes of the Harrisburg, PA, area to a Universal Transverse

Mercator (UTM) map projection; digitally mosaic all four bands.

Register classified imagery derived from the 1979 Landsat data to

the four-~band Landsat mosaic created in A.1 above.

Register two alternate-date Landsat scenes to the 1979 map-projected

Landsat scenes to test a change-detection procedure.

Phase II Implementation - Geometrically correct all four bands of
twelve 1979 time frame Landsat scenes of the entire state of
Pennsylvania to a UTM projection; digitally mosaic all four bands.

Register multispectrally classified imagery derived from the 1979
time frame imagery for the entire state to the four-band Landsat

mosaic ereated in B.1 above.

Registeﬁ twelve 1981 Landsat scenes for the entire state to the 1979
digital mosaic data base.

Phase III Reporting - Compile technical report on the software and
procedures used in providing assistance to the APT.

Transfer and install all relevant software needed for updating the
mosaic data bases to Pennsylvania State University for operational

use.

Plate I summarizes the task overview.
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Phase I
Test and Evaluation

Phase II
Implementation

Phase III
Reporting

Pennsylvania Mosaic Task Overview

1.

2.

Two-frame test mosaic
Classify to forest/nonforest

Two-frame test mosaic; different
date; same area

Register two-date/two-frame mosaics
to detect change in forested areas

Ten-frame mosaic of entire state}
1979 time frame data; two UTM zones

Classify to forest/nonforest

Ten~frame mosaic of entire state;
1981 time frame data; two UTM zones

Register two-date/ten-frame mosaiocs
to deteet change in forested areas

Transfer capability and software to
Pennsylvania State University

Document procedures used in the task

Plate I
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INTRODUCTION

Since its introduction from Europe into Massachusetts in the late 1860s, the
BYPsSy moth Lymantria dispar (L.), has repeatedly defoliated hundreds of thou~
sands of hectares of forest, The mature gypsy moth caterpillar is about 5
to 7 em (2 to 3 in.) in length, and as many as 30,000 of these caterpillars
can infest a single tree, Each caterpillar can consume up to ten small leaves
a day [1]. Over the past ten years, the State of Pennsylvania has attributed
the loss of $32 million dollars worth of timber resources to this pest. The
insect does not kill the tree immediately, but after prolonged infestations
over several years the tree is destroyed. While the natural spread of the
BYPsy moth is slow, its spread can accelerate because of its ability to

hitehhiks with People traveling through infested areas.

In order to plan appropriate pest management activities, resource managers
must continually monitor the movements and damage caused by this insect. Over
large geographic areas, conventional methods of surveillance such as field
site visits and large-scale aerial photography are expensive znd tinme
consuming. Alternative methods of assessment must be developed that are

inexpensive, timely, and mesh well with current practices.

Developing new assessment methods for gypsy moth infestations is the goal of
the Pennsylvania Defoliation Applications Pilot Test (APT), a joint study by
Goddard Space Flight Center/NASA and Pennsylvania State University. These new
methods being developed are to be transferred to the Pennsylvaniz Division of
Forest Pest Management, Bureau of Forestry, for implementation to operational

use.
2.1 Basie Procedure

The basic procedure is to utilize multidate Landsat imagery to monitor the
infestations [2]. An image is acquired of an area prior to infestation, and

it is classified, using computer aided analysis techniques, to identify the

extent of forest cover versus nonforest cover. After insect damage, a second




image of the same area is obtained and it is digitally overlaid onto the

forest cover map derived from the initizl image. Forested areas exhibiting

defoliatin can then be identified and tabulated, Hectare counts and esti-

mates can be generated and abatement procedures or strategies developed.

While Landsat is a convenient and relatively inexpensive source of data,
certain properties associated with the data present problems. The framing

convention of the Landsat sensor does net lend itself well to imaging entire

states in a single scene. To increase the utility of the data, the Landsat

frames must be geonetrically corrected to a standard map projection and then
mosaicked.
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3. IMAGE PROCESSING ENVIRONMENT

All data processing performed at JPL utilized the Image Processing Laboratory
(IPL). The current IPL configuration includes ap IBM 370/158 mainframe compu-
ter with 8 megabytes of memory, elght tape drives [(six 9-track, 31l- and 629~
bit/cm (800~ and 1600-bit/in.); two T-track, 88, 218-, and 31l-bit/cm (225,
550-, and 800-bit/in.})], and 3.8 gigabytes of on-line disk storage, The disk
storage consists of 8 CDC model 3350 high-speed, permanently mounted disks,
and two CDC 3330-11 mountable disks. An interactive environment is supported
by TS0, LIBEXEC and image display devices. Image displays include a Ramtek
6400 display system that accommodates 6-bit black and white imagery of any
dimension within a 640 x 512 element window., & COMTAL 8000 display unit is
used to display 8-bit black and white imagery up to 1024 x 1024 elements.
Color display is accomplished with two separate systems. A COMTAL 8003 System
provides 512 x 512 element resolution for 8-bit three color (RGB) images and a
DeAnza provides expanded 512 x 512 element display capability. A laser film
recorder and DICOMED D-64 devices are used for film playback.

The IPL also maintains a complete library of over 300 special purpose image
pProcessing applications programs. The system in use is the Video Image
Communication and Retrieval (VICAR) and the Image Based Information System

(IBIS) developed at JPL [3,4].
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4, PHASE T: TEST AND EVALUATION OF PROCEDURES

Prototyping a mosaicking procedure for a particular application is a difficult

and time consuming task., All scenes used must be logged and inspected, data
sets and tapes allocated, mapping grids defingd, and software procedures
developed, exercised, and verified. Phase I of the project was designed to
meet two needs: Firstly, a test case was performed to illustrate the capa-
bility of the technology for digital mosaiecs. In the Process of demonstrating
the capability, the technical procedures needed to accomplish the task were
refined, streamlined and made error-free. Secondly, interim products docu-
menting the process were produced that showed capability of procedures de-
veloped, and provided initial data for GSFC to begin precedure building for
Processing at GSFC. The procedures developed for the mosaicking process are

deseribed in detail under Phase IT,

Phase I mosaic utilized two Landsat frames in order to test and evaluate the
technology. A two-frame mosaic was compiled from 1979 data. The frames were
acquired on the same day and were in a common path [(i.e., top-to-bottom
relationship), see Table 1.] Figure 1 depicts the resultant mosaic. In the
second part of the testing phase, Landsat data of an alternate date (1978) was
mosaicked (see Table 1) and registered to the initial mosaic data base, 4
multispectral classification of the initial 1979 image data was performed at
GSFC and resulted in a forest cover vs. nonforest cover confidence map which
was used as a stratification in a later classification to display gypsy moth
induced defoliation. The confidence map was then registered to the initial
and subsequent mosaic. It was found that while some errors in first date to
second date registration occurred, it was felt that with a sufficiently dense
network of tiepoints which contrel the geometric registration, a suitable

tolerance in registration could be achieved,



TABLE 1

PHASE I LANDSAT SCENES

Landsat World Reference System Area
30478-15123 Path 17 Row 31 Williamsport
1979 Mosaic Base 2 30478-15130 Path 17 Row 32 Harrisburg
Both images acquired 26 June 1979

1 30208=15135 Path 17 Row 31 Williamsport
1978 Mosaie Base 2 130208-15141 Path 17 Row 32 Harrisburg
Both images acquired 29 Sept. 1978




. e 2
ORIGINAL PAGE 18
OF POOR QUALITY

Test and Evaluation Phase Product Qutput

A two-frame Landsat mosaic of Fata gathered on June 26, 1979,

and from a common path was constructed. This image is 3700
lines by 2900 samples.

Figure 1
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3,

PHASE IT: IMPLEMENTATION: PREPARATION OF THE DIGITAL MOSATCS

The Landsat data tapes used for Phase II, a mosalc pricr to defoliation, were
delivered to JPL by Goddard Space Flight Center. Goddard ordered the scenes
from EROS Data Center in order to proceed in a parallel effort with other
aspects of the project, Table 2 depicts the Landsat frames used in this

mosaie, and Figure 2 shows the individual footprint of each scene for the

state.
TABLE 2
PHASE II LANDSAT SCENES
PATH ROW SCENE IDENTIFICATION LOCATION NAME DATE
19 31 21267-15031 Titusville July 12, 1978
19 32 21267-15034 Steubenville July 12, 1978
18 31 2600-15094 Warren September 13, 1976
18 32 2600--15100 Pittsburgh September 13, 1976
iT 31 30478-15123 Williamsport June 26, 1979
17 32 30208-15141 Harrisburg September 29, 1978
16 31 21660-15005 Scranton dugust 9, 1979
16 32 254 -15001 Lebanon July 19, 1976
15 31 30170-15020 Poughkeepsie August 22, 1978
15 32 30098~-15013 Trenton June 11, 1978

5.1 Logging the Initial Scenes

The Landsat data were initially logged to be compatible with the VICAR format
and system requirements at IPL. The logging consists of a series of separate
steps depending upon the type of data ordered. Since February 1979, imagery
processed by EROS Data Center is in band sequential format with major

geometric corrections. If the data are processed prior to that date, the data
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T 7 7 T
30478~ 21660-

15123

Landsat Frames Footprints

Depicted here are the individual footprints
of each scene used for the mosaic Phase IT.

Figure 2
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are band interleaved by pixel pairs with no geometric corrections performed.
Typical of almost all applications involving this type of imagery, 1t is
necessary to select acquisition dates spanning over a long period of time to
obtain the most cloud-free coverage possible. Hence, it was necessary to use
both band-sequential and band-interleaved formats as basic data input for the
task.

Imagery processed since February 1979 is fairly easy and inexpensive to log
because no geomektry changes are necessary, at least in the first phases of the
mosaicking process. Extfaneous engineering files are stripped off and a VICAR
label attached to the image files to be used by subsequent VICAR modules. The
uncorrected data, band interleaved by pixel pairs, require extended effort and
expense to produce a data formai suitable for the VICAR mosaicking process.
Nominal geometric and radiometric corrections include removal of earth
rotation induced skew, panorama effect, and mirror scan veloecity profile
(MSVP) compensation. The pixel size at this stage of the processingis the
instantaneous field of view (IFOV) of 57 and 79 meters,

Figures 3 through 12 depiet the logged Landsat scenes used for the early date

Phase II mosaic.

5.2 Map Base

The Universal Transverse Mercator (UTM) Projection was chosen as the mapping
base for the mosaic. . It was decided to select a pixel size of 5T meters by 57
meters because of the IFOV sampling interval along the Landsat scan line.
Selection of a 50-meter pixel size would have allowed the data to be extracted
from the UTM grid more conveniently, but would also have increased the amount

of data to be processed while not increasing the information content.

The State of Pennsylvania covers about 6 degrees of longitude, large enough to
encompass one UTM zone, Unfortunately, the state straddles a UTM zone
boundary which bisects the state into western and eastern zones, Zone 17 and

Zone 18, respectively, To preserve map projection properties and to provide

1
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Frame 1 Titusville
21267-15031
Figure 3

Frame 2 Steubenville
21267-15034
Figure 4
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Frame 3 Warren
2600-15094
Figure 5

Frame 4 Pittsburg
2600~15100
Figure 6
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Frame 5 Williamsport
30478-15123
Figure 7

Frame 6 Harrisburg
30208-15141
Figure 8

14

N )



Frame 7 Scranton

15005

21660~

Figure 9

Frame 8 Lebancn

2544-15001
Figure 10

)
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Frame 9 Poughkeepsie
30170-15020
Figure 11

Frame 10 Trenton

30098-15013
Figure 12

16



consistency with subsequent data sets to be registered to the Landsat mosaie
data base, two separate mosaics were constructed, one for each zone. Coverage
of the entire state with Landsat data can be met with ten scenes, but because
of the two map projection zones, six scenes were mosalcked for each zone, with
the two central scenes contributing data to each zone., In effect, two six-

frame mosaies were constructed for this task,

The mapping grid was configured so that the imagery would resample to the
selected scale of 57 meters and rotated north assuring the data rasters would
be aligned east=west relative to the mapping grid, The advantages of this
technique are fairly straightforward. First, the data are displayed in a
familiar fashion with north at the top, and second, map quadrangles can be
extracted from the data base with a minimum of wasted storage space thut

results from rotation.
5.3 Planimetric Control

Planimetric control for remotely sensed imagery in a meosaicking context can be
obtained in Several ways. If the exposure or acquisition time of the scene is
short enough, such as in a framing-type sensor, calibration and control of the
data using spacecraft emphemeris information is often sufficient. Since the
scene acquisition time for the Landsat image is on the order of 27 seconds,
and because 1t is a scanning-type sensor, it is necesary to incorporate known
geodetic points on the surface of the earth., Information obtained from the
Contrel Point Library Building System (CPLBS) was used to provide planimebiric

control to each Landsat scene as each fits into the mosaie [5].

The information from the CPLES consists of a 32=-pixel by 32-pixel image chip
containing a geographic feature, e.g., a road intersection or river bend, as
well as the latitude and longitude of the feature. Additional engineering
data regarding the Landsat band and which satellite the image chip was taken
from is also ineluded. The accuracy of the point is generally within 20
meters. Figures 13 through 22 are the CPLBS files in image format for the

images in Pennsylvania.

17



CPLBS File for CPLBS File for

Path 19 Row 31 Path 19 Row 32
TITUSVILLE STEUBENVILLE
Figure 13 Figure 14

CPLBS File for CPLBS File for
Path 18 Row 31 Path 18 Row 32
WARREN PITTSBURG
Figure 15 Figure 16

CPLBS File for CPLBS File fcr
Path 17 Row 31 Path 17 Row 32
WILLIAMSPORT HARRISBURG
Figure 17 Figure 18

18



CPLBS File for
Path 16 Row 31
SCRANTON
Figure 19

CPLBS File for

Path 15 Row 31
POUGHKEEPS IE
Figure 21

ORIGiiNAL PRt g
OF POOR QUALIVY

CPLBS File for
Path 16 Row 32
LEBANON
Figure 20

CPLBS File for
Path 15 Row 32
TRENTON
Figure 22

19



Image correlation 1s performed using the two-dimensional fast Fourlier trans-
form (2D FFT) computational method to relate ground control poinfs (GCPs) from
the CPLBS with the assoclated locations in each Landsat scene [6]1. To
initiate the correlation procedure, three points are first identified in the
Landsat scene that ean also be found on a map. This process is usually done
on an interactive display system with the line/sample coordinates found using
a trackball cursor. The jatitude and longitude of that point are read
directly from the map. The three points are used to determine an affine
supface that is used as an estimator of where the 2D FFT correlation routine
is to search in the image to matech a particular GCP. While the affine fit
does not give the true location Wwithin a pixel (or several pixels), it does
provide the search algorithm with a reasonable window in which to search, As
good correlations are obtained, the surface is refined so that less searching

is required az the algorithm proceeds through the GCP file.

There are several problems associated with using a preestablished ground
control point file for image registration. First and foremost, the file has
to be built, a large effort that has been expended by NASA and IBM. The file
also has to be continuously updated because of changes in the ground scenes
and the varying conditions of the imzgery. A particularly difficult problem
in the mosaiec registration and control effort was trying to correlate the GCPs
with Landsat scenes that were acquired over several seasons. The ground
reflectance changes that occur from season to =zeason impair the correlation
performance. As an example, a stream course feature in GCP may be highly
recognizable in a particular season, but when examining the scene it is being
correlated with, the stream may be silted and the surrounding land cover
blends in with the stream creating a low variance, and hence a low information
content image. This makes it difficult to correlate all the GCPs selected for
that particular path/row. At most, 18 of the 25 GCPs for each path/row were

correlated for the Pennsylvania mosaice,
The ground control points correlated with the Landsat scenes used for the

mosaic give each scene its position and projection in the global mapping

output grid. If each scene were corrected and inserted into the grid with
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only the GCPs as control, overall planimetrie acecuracy would be within pre-
scribed tolerances but in all 1ikelihood the edges between the neighboring
frames would not matech perfectly., To remedy this situation, a series of edge
mateching points is correlated in all overlapping areas of all scenes used.
These points are then mapped (controlled) by the GCPs. The net effect of
these additional points is to eliminate any side-to-side or top-to-bottom

mismaftch between scenes.

Information in the overlap area regarding brightness is also obtained and used
to radiometrically correct the imagery at the same time that geometry changes
are made. Difficulties in matehing neighboring scenes radiometrically were
experienced during the processing, With haze problems and the varying dates
of the imagery, it was possible with existing software to match the brightness
but not variance of average areas. With variance differences not resolved,

marked divisions between scenes may oceur,

The early date mosaic was completed in two stages. Separate control point
files and mapping were used for UTM Zone 17 and UTM Zone 18. The resultant
'halves' of the mosaic for the state were each 6500 lines by 8500 samples,
All four Landsat bands were corrected. These data were then mosaicked and

segmented into the l-degree by 2-degree quadrangles.
Quadrangle configurations and specifications for the Pennsylvania mosaic are

listed in Table 3. Band 6 Landsat imagery for the Pennsylvania quadrangles
(UTM Zones 17 and 18) is presented in Figures 23 through 30,
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TABLE 3

QUADRANGLE CONFIGURATION PENNSYLVANTA MOSAIC

UIM Zone 17
UPPER LOWER
QUAD  NAME SERIES TYPE LEFT CORNER RT. CORNER NL® NS
1 Cleveland NKi17-8 19x)© 420N 81% 41°N 80°% 2000 1500
2 Canton NK17-11  1%1%ong 142°N 81° 419N 80%W 3000 1600
3 Warren NK17-19  10yxp0 420N 80%W 4194 78%% 2100 3000
] Pittsburgh NK17~12 1%22%ong 410N 80Oy 39.5%0 78°W 3100 3100
OTM Zone 18
5 Williamsport NK18-7 19x2© 2%y 78%y 41CN 76%W 2100 3000
6 Harrisburg  NK18-10 19x20long 1410y 7804 39-50N 7604 3100 3100
7 feranton NK18-8 10x20 420N 760W 119N 76%% 2000 3000
8 Newark NK18-11 1%x2%0ng 419N 760K 39-5%" 740§ 3000 3100
¥NL = number of lines (records) in image
*NS = number of samples (bytes) per line
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Cleveland NK17-8; 1° x 19 quadrangle of Band 6
Landsat imagery. This image is 2000 lines by
1500 samples.

Figure 23

Canton NK17-11; 1° x 1© quadrangle of Band 6
Landsat imagery. This image is 3000 lines by
1600 samples.

Figure 24
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Warren NK17-9; 1° x 29 quadrangle of Band 6 Landsat
imagery. This image is 2100 lines by 3000 samples.

Figure 25

bu =12; 1° x 2-1/2° quadrangle of Band 6
Landsat imagery. This image is 3100 lines by 3100 samples.
Figure 26
24



Williamsport NK18-7; 1° x 2° quadrangle of Band 6
Landsat imagery. This image is 2100 lines by
3000 samples,

Figure 27

arrisburg NK18-10; 1° x 2-1/2° quadrangle of Band 6
Landsat imagery. This image is 3100 lines by 3100
samples.

Figure 28
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Scranton NK18-8; 10 yx 20 quadrangle of Band 6 Landsat
imagery. This image is 2000 lines by 3000 samples.

Figure 29

Newark NK18-11; 1° x 2-1/2° quadrangle of Band 6 Landsat
imagery. This image is 3000 lines by 3100 samples.

Figure 30

26



5.4 Forest/Nonforest Mosajc

In a parallel effort, Goddard Space Flight Center personnel applied nultispecs
tral classification techniques to the unprocessed Landsat scenes that were
used as input for the early data mosale., One file of data depicting forest
and nonforest land cover was derived and sent to JPL to be registered with the
mosaic data base. Since the classification was derived from the ‘raw' un-
logged data, logging was performed using nearest neighbor interpolation to
make the nominal geometric adjustments and then geometrically corrected a
second time with nearest neighbor interpolation using the control points
produced for the early date mosaic. These data were then maosaicked and sege

mented into the 1° x 2° quadrangles.

5,5 _Late Date Mosaic ~ Postdefoliation

Requirements for this task in Phase III stipulated that once the base
nmosaieking was.completed for the entire state, the technology to update the
mosaic on a yearly basis be transferred to the State of Pennsylvania. The
VICAR/IBIS software system was obtained from COSMIC by the Office of Remote
Sensing of Earth Resources (ORSER) at Pennsylvania State University. In early
1982 the system was installed and tested. Additional program modules needed
to produce update mosaies were also delivered, installed, and tested. Once
the system was running, a test mosaic was attempted with several goals in
mind, First, it was necessary to initiate the ORSER staff in the functions
and operation of the VICAR system with regard to mosaicking applications.
Second, the Pennsylvania State computer system exercised VICAR to isolate
problems peculiar to the facility. Finally, a prototype procedure for
actually creating update mosaies had to be generated and an application case

performed.

Both the late date and early date mosaies had to be generated in two sections,
one section for each UTM zone in the state. In order to ease scheduling
difficulties and to provide Penn State ORSER staff with mosaicking experience,
a parallel effort was undertaken with the update mosaic for UTM Zone 17 being
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generated at JPL and the update mosaic for UTM Zone 18 generated at ORSER.

This effort satisfied technology transfer requirements for Phase IIT of the
task.

The Landsat scenes used in the UTM Zone 17 update mosaic were, fortunately, in
the EDIPS format, easing preprocessing efforts. Table I depicts the scenes
used in the update mosaic. Since the second date imagery is registered to the
early date mosaie, the resultant products are identical to the original
mosaie, except for ground cover changes. The update mosaics' dimensions are
the same as the early date mosaie, 6500 lines by 8500 samples, and it is also
segmented into the requisite quadrangles (Table 3). The completed composite

of the Pennsylvania mosaie, UTM Zones 17 and 18, is shown in Figures 31 and
32.

TABLE 4

LANDSAT SCENES USED IN UTM ZONE 17 UPDATE MOSAIC

PATH ROW  SCENE IDENTIFICATION LOCATION NAME DATE

19 31 22311-15214 Titusville May 24, 1981

19 32 22311-15220 Steubenville May 24, 1981

18 31 22400-15142 Warren August 18, 1981
18 32 22800-15144 Pittsburgh August 18, 1981
17 31 22381-15084 Williamsport July 30, 1981
17 32 22381-15090 Harrisburg July 30, 1981
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™ ne Mosaic . This image is a black

and white composite of Landsat band= 4, 5, and 7.
These data were reduced to 114-meter pixels to allow
playback on the film recorder. The resultant image
is 3250 lines by 4250 samples.

Figure 31
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TECHNICAL DISCUSSTON: MOSATCKING PROCESS

6.1 Tiepoint File Initialization

Tiepoint file organization is an important component of the mosaicking
process. Tiepoints previously discussed such as ground control points and
edge matching points require strict and consistent naming labels not only for
use in procedures buft also for bookkeeping within the system catalog., While
the tiepoint files contain the locational information, additional information
is appended to each file to be used as diagnostices in compiling the master
correction file, Additiomal information sueh as sequence numbers, correlation
value, and type of tiepoint (ground control or edge) is added. Sections 6.1.1
through 6.1.3 show the files allocated for use in the mosaic process at IPL.

6.1.1 UTM Zone 17
6.1.1.1 Ground Control Points (obtained from CPLBS)

RGMO00.PATY This file contains line and sample in the original Landsat
PAT2 image with the corresponding latitude and longitude, Each
PAT3 number at the end of the data set name refers to the frame
PATY to which the data set pertains.
BATH
PATH Data set size is 3600 bytes x 1 record.

RGMG00. PAT1x1 This file contains line and saﬁple values of original
PAT2x2 Landsat and corresponding line, and a sample in the output
PAT3x3 grid. These points are map projected to UTM Zone 17.
PATHxY Each number at the end of each data set name refers to the
PATHx5 frame numer to which the data set pertains.
PAT6Ex6 Data set size is 3h00 bytes x 1 record.

(Frame numbers for UTM Zone 17 and UTM Zone 18 are 1 through 6 and 5 through
18, respectively; frame numbers for UTM Zone 1T second date are 11 through

16).
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6.1.1.2 Edge Matching Points

RGMQ00.PATIx2
PAT1X3
PAT1xk
PAT2x)
PAT3xY
PAT3x5
PAT3x6
PATEx6
PATSx6

This file contains line and sample in the original Landsat
images for neighboring frames., For eXxample, data set
RGMOOO.PATIXx2 contains points common to frame 1 and frame
2, Additional information includes correlation values for
each point and a sequence number for identification.

Data set size is 3500 bytes x 5 records.

§.1.1.3 Perimeter File

RGMGO0.PATCUT

This file contains perimeter information for each frazme
and is used in selecting edge matching points as well as
in the final correction phase. Specific information
includes the sequence, frame number, and vertices for a
user defined contour along which tiepoints are selected.

Data set size is 1200 bytes X 12 records.

6.1.1.4 Label Verification File

RGM900.PATVFY

This data set is used for checking the header labels to
insure that the correct image file is being processed.
Information includes frame acquisition number, frame
title, and spectral band.

Data set size is 360 bytes x 10 records.
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6.1.1.5 Master Tiepoint Files

RGMO00.PATZ1TL

RGM900.PATZ1TH

This file contains information for raw tiepoints for all
frame-pairs and neighbors. Frame number, sequences, tie-
point type, line, sample, initial Z value, and correlaticn
value are included.

Data set size is 360 bytes x 360 records.

This file contains the same information as the "PATZ1TL!
file. This version is edited and operated on to produce
the final tiepoints used for frame correction.

Data set size is 360 bytes x 300 records.

6.1.2 UTM Zone 17, Second Date: 1981

6.1.2.1 Ground Control Points {correlation matches obtained between first

RGMQ00.PATT1
PATI2
PAT13
PAT14
PAT15
PAT16

RGMQO00. PAT11x11
PATT2x12
PAT13x13
PAT14x 14
PAT15x15
PAT16x16

second dates)

This file contains line and sample in the original Landsat
image with the corresponding line and sample in the
update frames. Each number at the end of the data set

name refers to the frame to which the data set pertains.

Data set size is 3600 bytes x 1 record.

This file contains line and sample values of original
Landsat and corresponding line and sample in the output
grid. These points are map projected to UTM Zone 17 by
virtue of being chosen from the first date UTM Zone 17
mosaic frames. Each number at the end of each data set
name refers to the frame number to which the data set
pertains.

Data set size is 3600 bytes x 1 record.
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6.1.2.2 Edge Matching Points

RGM900.PAT11x12
PAT11x13
PAT11x14
PAT12x14
PAT13x14
PAT13x15
PAT13x16
PAT1U4x16
PAT15x 16

This file contains line and sample in the original Land-
sat lmages for neighboring frames., For example, data set
RGMI00.PAT1x2 contains points common to frame 11 and frame
12. Additional information includes correlation values
for each point and a sequence number for identifiecation.

Data set size is 3600 bytes x 5 records.

6.1.2.2 Perimeter File

RGM300.PATCUT

This file contains perimeter information for each frame and
is used in selecting edge matching points as well as in the
final correction phase. Specific information includes the
sequence, frame number, and vertices for a user defined
contour aleng which tiepoints are selected,

Data set size is 1200 bytes x 12 records.

6.1.2.4 Label Verification File

RGM900.PATVFY

This data set is used for checking the header labels to
insure that the correct image file is being processed,
Information includes frame acquisition number, frame
title, and spectral band.

Data set size is 360 bytes x 10 records.
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6.1.2.5 Master Tiepoint Files

RGM900.PATZ172L

RGM900.PATZ1T72M

6.1.3 UTM Zone 18

This file contains information for raw tiepoints for all
frame pairs, and neighbors. Frame number, sequences,
tiepoint type, line, sample, initial Z value, and corre-
lation value are included.

Data set size is 360 bytes x 360 records.

This file contains the same information as the 'PATZ172L'
file. This version is edited and operated on to produce
the final tiepoints used for frame correction,

Data set size is 360 bytes x 300 records.

6.1.3.1 Ground Control Points (obtained from CPLBS)

RGMO00. PATS
PAT6
PATT
PATS
PATS
PAT10

RGMG00. PATSx5
PATEx6
PATTxT
PAT8x8
PATOX9
PAT10x10

This file contains line and sample in the original Land-
sat image with the corresponding latitude and longitude,
Each number at the end of the data set name refers to the
frame to which the data set pertains,

Data set size is 3600 bytes x 1 record,

This file contains line, sample values of original Land-
sat, and corresponding line and sample in the output
grid. These points are map projected to UTM Zone 18.
Each number at the end of each data set name refers to the
frame number to which the data set pertains.

Data set size is 3600 bytes x 1 record.
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6.1.3.2 Edge Mateching Polnts

RGM900.PAT5Sx6
PATExT
PAT5x8
PAT6xS8
PATTx8
PATTx%9
PATT=10
PAT8x10
PATOX 10

This file contains line and sample in the original Land-
sat images for neighboring frames. For example, data set
RGMG00.PATSx6 contains points common to frame 5 and frame
6. Additional information includes correlation values for
each point and a sequence number for identification.

Data set size is 3600 bytes x 5 records,

6§.1.3.3 Perimeter File

RGM300.PATCUT

This file contains perimeter information for each frame
and is used in selecting edge matching points as well as
in the final correction phase. Specific information
includes the sequence, frame number, and vertices for a
user defined contour along which tiepoints are selected.
Data set size is 1200 bytes x 12 records,

6.1.3.4 Label Verification File

RGMY00.PATVFY

This data set is used for checking the header labels to
insure that the correct image file is being processed.

Information includes frame acquisition number, frame
title, and spectral band.

Data set size is 360 bytes x 10 records.
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6.1.3.5 Master Tieppint Files

RGM900.PATZ18L This file contains information for raw tiepoints for all
frame pairs and neighbors, Frame number, Sequences, tie-
point type, line, sample, initial g% value, and correlation
value are included,

Data set size is 360 bytes x 360 records.

RGMO00. PATZ18M This file contains the same information as the 'PATZI8L!
file. This version is edited and operated on to produce
the final tiepoints used for frame correction,

Data set size is 360 bytes x 300 records.

6.2 BEdge Point Selection Process

In order to insupre that separate scenes register without any apparent
mismatch, a series of edge registration points are selected, There is a basic
Philosophy involved here in which two types of tiepoints are used, Manually
selected ground control points establish absolute eontrol to a map base. If
each scene were corrected independently using only the ground control points,
fitting the processed scenes together would not be possible without produecing
Seams. The edge matehing points merge the discontinuities 50 that a smooth
geometric seam boundary is obtained,.

6.2.1 Definition of Perimeter File

The first step in Selecting common points between neighboring Landsat frames
is to define 3 perimeter file around each image. The perimeter is usually
chosen to reside within 100 pixels from the edge of the image., With the
information in the file, common points can be selected along the line or
reasonably close to the line. The advantage lies in that all image data
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outside the perimeter can be discarded after processing and thus insuring that
scene boundaries are exactly at the tiepoint locations. The only possible way
for geometric seams to occur is to have erronecus tiepoints in the correction
file.

6.2.2 Three-Point Fit

In order to establish a rough relationship between neighboring scenes, three
existing ground control points (either derived from correlations of the CPBLS
or manual) are selected to compute an affine surface fit, A plane is fitted
for each neighbor pair, The information from this operation is used to direct
the correlation routine where to search for tiepoints in each =scene. Once the
routine knows where to search, the selection process is ineremented in 100
pixel intervals along the user defined perimeter. A cutting process is
implemented at a later stage that removes all bad data outside the perimeter

that may be due to problem electronics or data processing.

6.2.3 Phase Correlation

The three~point fit described above established a geometric relationship or
model between the two images being correlated. This model is used for two
purposes., First, it predicts a search location, and second, it spescifies a
resampling from one frame to match the geometry of the other., Within a search
area, the routine always correlates 32x32 windows from each frame. If the
search area is larger, then one of the windows is moved in twelve pixel steps
over the search area. The correlation is accomplished by taking the discrete
Fourier transform in the complex domain, using the FFT algorithm, of each
window. The low order row and column is deleted. The resulting matrices are
multiplied element by element taking the conjugate of one element and dividing
each result by its magnitude, This removes the power information yielding
phase correlation. Then the inverse FFT is applied and the peak indicates the
amount of shift of the sources. A final correlation is performed again at the
peak to get a refined result, and a surface fit to the peak yields subpixel

location accuracy. Good correlations are input to the model to reduce search.

38

O R e

ey

e ey i

P, T N



6.3 Mosaic Procedures
6.3.1 MOS31

The MOS31 procedure has several funetions, Firstly, it is designed to format
all tiepoints used for the mosaic into the standard IBIS (Image Based
Information System) file of 360 bytes, The mapped ground control points and
edge matching points are merged in this operation. Secondly, preliminary
editing is done at this stage based solely upon the correlation value obtained
for the edge matehing points. Generally, all points with correlation values
greater than 140 were kept for later processing. No editing on the ground
control points is done at this stage, Thirdly, a series of diagnosties is
generated to aid in subsequent editing of the tiepoints. Generally, the
gathering and the compilation of the tiepoints is an easy process when com-
pared with the editing of the points. Editing is a labor intensive and

detailed procedure.

A least squares fit is performed through the points at this stage in order to
gather a feeling for the '‘goodness' of the selected points. This helps
isolate the very bad points immediately. A delta Z value (brightness) fopr
each is also computed in order to ascertain radiance differences between
scenes. 0On rare occurrences, a high correlation value may be returned from
the phase correlation routine but is actually in error. A high delta 7 value
will help point this out early in the process.

6.3.2 MOS33

During this step, two operations are performed. While the ground control
points are in reference to loeai line/sample and global line/sample, the edge
matching points are in reference only to loecal line/sample. Local line/sample
refers to the x, y coordinate position in the individual Landsat scenes.
Formatting of tiepoints to fit VICAR convention requires that the points be
referenced as new line/new sample; old line/old sample, Here, the edge
matehing points are mapped to the UTM's projection output grid based upon the
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existing map control points (CPBLS) selected for each frame. 1In later steps,
an offset is subtracted out to reduce computation time and then added back in
later when the mosaie is pieced together,

3econdly, a listing 1s generated which maps the image edges to the cutput
grid. This is helpful in determining image output size, since the rotation of
the frame to north is taken into account. Table 5 shows the corner mapping of
the edges of the constituent frames used,
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6.3.3 MOS34

The M0S34 procedure step performs two operations, The first operation

subtracts an offset from the line/sample positions in the tiepoint file. The

offset 1is subtracted from the 'To' line and samples in order to reduce the

computation time and storage space. As an example, a given pixel may be

directed to an address in the 5000 range in terms of image rasters., This
would necessitate that the output image also be at least 5000 lines or samples
large. In corder to save time and space, an offset is subtracted out so that
each frame can be adjusted within a small image domain rather than a large
one, The large image domain is dealt with only after all corrections have

been performed, and then for only a short time since the finished mosaic is
divided into smaller, manageable quadrangles.

The second operation generates a diagnostic describing the interframe error or
residual in pixels. This diagnostic depicts the difference in separately
computed least sguares fit for each frame, each peint. The average for each
point pair is then computed and stored as a 'To' location. Table. 6 is the
MOS34 listing output for UTM Zone 17 Phase II, Table 7 is the M0OS34 listing

output for Zone 18 Phase II, and Table 8 depicts the tiepoint's output in
MOS34 for UTM Zone 17 second date.
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MOS34 OQutput Listing UTM Zone 17, Second Date 1981
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6.3.4 Tiepoint Editing

This phase of the mosaic construction is perhaps the most eritical. It is
imperative that all 'bad' points be adjusted or discarded, because the
dccuracy of the mosaic depends on the goodness of the tiepoints,

At this stage a preliminary plot is produced to view the spatial distributicn
of all points selected, This is necessary to ensure that an even distribution
of points is gathered and that no large segments of the imagery are left
uncontrolled. If there are large gaps, manually selected tiepoints can be
inserted to fill the space the automatic mode was unable to provide for., The
manual mode refers to the analyst actually identifying common points in two
images on a CRT and submitting those points to the standard correlation al-
gorithm for *locking in'. These can be added to the tiepoint file by repeat-
ing steps MOS31 through MOS34, As for the timing of these steps, the 'MOS?
procedures typically consume less than 5 minutes CPU total on an IBM 370/158.
Another plot can be produced to depict the location of each tiepoint in a
cartoon frame. Each tiepoint can possess a tail whose length in pixels is the
deviation from a least squares surface for the entire mosaic., This plot aides
the aralyst in flagging errant points which are not readily identifiable in
the tabular listing. If there is such a denmsity of points that only confusion
results, the plots can be sectioned to yield better resolution and separation

for viewing. Figures 33 through 50 show the distribution of the points used
for each frame, '

Finally, a plot is produced which looks at the relationship between
neighboring points. This plot is called a 'neighbor plot' and is intended to
identify juxtaposed tiepoints which disagree on geographic destination.
Closely positioned points that are to be moved in different directions can
produce 'rips' in the mosaic., This phenonema is seen mainly in the edge
matching points and usually only edge matehing points are discarded in the
editing brocess. Occasionally a ground control point will be dis-carded; but
only after serious consideration has been given to its validity. A tabular

listing of all bad neighbors showing line/sample position is produced to aide
in the process.
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Once the editing has been completed, the entire process is reviewed to insure
that nothing has been overlooked. Upon [final approval, the rext procedure is
initiated. . ' '

6.3.5 MOS35

The purpose of the MOS35 procedure is to obtain the brightness values for each
tiepoint location for all bands of the data sets. This information is
necessary in order to smooth brightness differences between scenes,

For each tiepoint which remains after editing, the 11he/samb1e pdsi€iph-is
obtained from the 'Froi' columns as seen in the MOS34 listing (Tables 6, 7,
8). That point in the raw Landsat image is addressed and a 12 x 12 pixel
average brightness is calculated for the point and stored back in the file.
Each subsequent point for the scenes is calculated and stored according;y.

After all points are processcd for one band, each successive band is processed

until all infopmat;on is gathered. Once this step is complgted,-prq;essing-

can proceed to geometric and radiometric correction.

The MOS36 procedure is used to geometrically and radiometrically correct each -

frame based upoen the information in the selected tiepoints. The output is a
tape file of the image adjusted to the proper pixel size, rotated north,'and
trimmed around the perimeter file, These corrected data sets are used as
input for mosaicking.

6.3.6.1 Algorithm Theory

The geometric correction consists of twe steps. First, a surface fit to the

control points is performed and the transformation is evaluated at a unifdrm
srid. Seeond, the uniform grid is used 1n an effieient process to transform
the image geometrically. For purposes of erfieiency, the brightness
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corrections are also calculated to this grid and are applied to the image in
the same computation, Within each grid cell, bilinear interpolation is used
to determine the amount of geometric shift for a pixel and the amount of
brightness correction. The interpolation for a pixel value 13 also bilinear.
The routine, MZGEOM, uses an advanced technique for staging image data from
disk storage to memory so that rotation of large data sets can be performed in

a rapld manner,

6.4 Mosaicking

Once all frames are corrected for at least one band, a mosaic is constructed.
This process is a fairly simple computation but requires large amounts of
machine resources to complete. Large mosaic jobs are generally run during
of f=peak hours. Two tape drives are used at most, s0 large amounts of disk
space have to be reserved. This project required six data sets, 3600 records
by 3800 bytes per record, plus an output data set allocated 6500 lines by 8500
samples. The output data set has to be disk since the IPL installation limits
the 9-track tape density to 629 bits/em (1600 bits/in.), and 732 m (2400 ft)
of tape at this density are insufficient to store such a large image.

After all data sets are read into a disk file, they are submitted to the

mosalcking algorithm that actually does the st-itch'ing together. The order of
precedence is selectable as is the output frame size. The offsets are
specified as parameters to the program and are derived from the MOS34 listirng
(Tables 6, 7, 8). Since the origin of the output grid is far removed fronm
the actual mosaic, an additional offset, the Master Offset, is subtracted,
The order of precedence is determined by the order in which the input data
sets are specified. The first data set specified has top priority while the
second data set specified has next priority and so on. The mosaicking ar-
rangements used in each mosaic are shown in Figures 51, 52, and 53.

The output data are 1nitia1_1y stored on disk and operated on later to extract
the individual quadrangles. After the quadrangles are extracted the data set
~ is backed-up with a utility program and is stored on two tape volumes, Access
tc the entire mosaic at a later date simply regquires that two tapes restore
the required files.
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6.5 Accuracy

The accuracy of Landsat digital mosaics has been evaluated to somne degree by
Several sources, including Goddard and Purdue University (7). Edge-to-edge
mismatching is the most visible error in mosaies, Edge errors tend te en-
Courage scrutiny and degrade the aesthetic and planimetric qualities of the
fina;’product.

6.5.1 Local: Scene to Scepe

Overall, scené~to~scene mismateh in the Pennsylvania mosaic is minimal, What
does exist is diffieult to assess primarily because imagery of different
dates was used to Produce the mosaic. Those few areas that did exhibit some
degree of mismatch were on the order of one to three Pixels, but only for very
short stretches (100 Pixels). In addition, wismatched areas generally fell
outside the Pennsylvania state border and did not adversely impact the pro-
Jeet,

6.5.2 Planigetric Acouragy

From a cartographic viewpoint, the evaluation of map accuracy is a difficult
Procedure. Accuracy is interpreted from map specifications and standards, but
several interpretations of the standards are possible depending upon the
method used, The gray areas of interpretation must be acknowledged so that
the relatively narrow standards are not applied.inappropriately, in that they
neglect the intent or spirit of the specifications.

For continuity, the United States Nationa Map Accuracy Standards (NMAS) were

applied in a limited way to evaluate the planimetric qualities of the mosaiec.

These standards are:
"For maps of the scale of 1:20,000 and smaller, not more than 10 percent
of the points tested shall be in error greater than 1/50 inch. These
limits of accuracy shall apply in all cases to poaitions:or_well-derzneq
points only. well-defined'pointa are those that are easily visible such
as the following: monuments or markers, such as bench marks, property
boundary monuments; intersections of roads, railroads, ete; foatures not
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identifiable on the ground within close limits are not to be considered
as test points within the limits quoted, even though their positions may
be scaled closely upon the map. In this class would come timber lines,
soil boundaries, vegetation assoeciations, ete.”

The root mean square error (RMSE) for identifiable points in a series of 7-1/2
minute quadrangles was calculated, Verification points were located in 19
quads within a 1° x 2° quadrangle in the state. There are over 800 7-1/2
minute quads in Pennsylvania, making it expensive to sample each one. For
several of these quadrangles, the actual GCPs were examined and found to be
excellent per specifications for the CPLBS. Line/sample values for a given
point in the mosaic were located 'after the fact' on an interactive display
unit with a trackball cursor and then recorded. The caleculated position of
that point per the UTM mapping projection grid was compared against the
located point and the deltas (X,Y) noted, The RMSE was calculated by the
followirg formulae for all points checked:

RMS . _'3'1_ ; (1)
LINE(Y)

RMS = \/ —-;1;- ; (2)
SAMELE(X)

=)
"

-] 2
\/RHSY RMXS . (3)

Results of these calculations are given in Table 9.
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TABLE 9

ROOT MEAN SQUARE ERROR (RMSE)

PIXELS METERS
Delta Line 1,13 Gh4.41
Delta Sample 3.49 198.93
Delta D 3.67 209.19

A total of nineteen points were used in the verification, one point for each
7=1/2 minute quadrangle. The distribution for these points was narrow: all
fell within a 1° x 2° quadrangle. While in the process of the initial
verification, it was noted that certain areas of the mosaic had geometric
stability problems, while others did not. Our efforts were concentrated on
the problem areas.

The acceptable error for maps of the 1:250,000 scale class is 127 meters in
the X and Y directions. While the line errors are well within this limit, the
sample errors and derived D values are not. Those particular errors have been
attributed to the Mirror Scan Veloeity Profile (MSVP) of the multispectral
scanner. Formulas used in the nominal corrections of the data were obtained
from the published public record. The formulas are determined by instrument
bench tests during system preflight checks. It is possible that if fatigue
and wear in the scanner system caused the MSVP to change, then the correcting
formula would change similarly. The MSVP can be compensated for during the
mosaicking process but it requires an extremely dense network of GCPs,
especially within the peaks and troughs of the profile. Contributing factors
that inhibit proper correction are the irability to obtain sufficient correla-
tion of GCPs because of changes in land cover, lack of actual identifilable
features, and atmospheric conditions.
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