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PREFACE

This final report, prepared by the Applications Division of the
Environmental Research Institute of Michigan (ERIM) under Naval Research
Laboratory (NRL) Contract N00014-81-C-2334, covers the work performed
from June 6, 1981 through September 30, 1982. The technical representa-
tive for the contracting officer was Mr. Peter A. Mitchell of NRL. The
principal investigator was Fred J. Tanis, with important contributions
to the technical program made by Fred J. Thomson and Ross Hieber. This
technical work was conducted by the Applications Division under the
direction of Mr, Donald S. Lowe,

This contract involves the development of techniques to process
multi-temporal remote sensing data for purposes of extraction of hydro-
graphic information. The techniques and processing software developed
under this contract were based on multi-date analysis of a set of previ-
ously processed Landsat scenes covering the Bahamas study region.
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N SUMMARY
- In order to enhance its Digital Image Processing System (DIPS) cap-

ability the Defense Mapping Agency (DMA) has supported the development
of a multi-temporal procedure (MTP). This procedure has been designed
with maximum flexibility to allow the operator to apply the software to

¥ a variety of hydrographic applications and remote sensing data sources.
- A goal at DMA is to develop processing technology for passive remote
;; sensors which minimizes the need for ship supported surface truth meas-
w urements, With the present capability the DIPS cannot be used to remove
> unwanted noise and effects which can influence the depths predicted from
2 satellite sensor data. Multi-temporal processing provides a means to
o diminish noise and separate the effects due to temporal phenomenon such
2 " as turbidity, haze, and surface slicks. The multi-temporal software
= developed for the DIPS allows the operator to perform basically nine
' - separate operations. These include display functions for loading,
ig viewing, and combining multi-date subscenes which have been previously
f co-registered. Options are also provided for image smoothing and
X polygon subarea selection. The polygons can be examined to determine

: depth statistics and depth differences for selected dates. Further a
'i SCATTERPLOT and REGRESSION option allows the operator to investigate the
S; relationships between predicted depths for several dates and adjust, if
& necessary, the water depth =quation parameters. With the parameters
r- adjusted between scene date. the operator can recalculate the water
depths for each date and weight average the results to eliminate
unwanted noise. The resulting predicted depths can then be used as a
basis for additional parameter adjustments in an effort to further
’ resolve date-to-date differences in predicted depth. Once the operator
is satisfied with the result, a relationship can be established between
the original depth prediction for each scene date and the final best
7 predicted depth for the calibration polygon(s). The APPLY function can
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then be used to modify each of the scene dates and obtain a best esti-
mated depth for the entire subarea. The flexibility in the options of
the MTP software allows the definition of many separate procedures to
extract a best estimated water depth from temporal data.

A multi-temporal data set was constructed from six previously pro-
cessed Landsat scenes covering portions of the Bahamas Photobathymetric
Calibration Area. The six scenes were brought into registration using
common ground control positions and a series of affine transformations.
Once these images had been satisfactorily registered, a semi-rigid
Landsat imaging model was used to locate pixels corresponding to SAI
ship transect depths in the scene [1]. Errors in the registration
process were found to be on the order of two pixels in each direction,
while the errors associated in the location of ship data were within two
pixels. Four data sets were assembled for calibration areas 3A, 3B, 3C,
and 3D (see Figure 1, page 10). Each of these data sets consisted of
the average ship-measured depth over each Landsat pixel along with the
six individual predicted depths as derived from the Landsat signal
levels, These data were analyzed to gain insight into the characteris-
tics of multi-temporal data and as test cases for calibration and
evaluation of suggested procedures.

Large offsets (0.5-5.0m) in mean water depth were observed between
the Landsat predicted depths and those provided from ship measurements.
Of data from the six available dates, data from three were found to be
sufficiently noisy to caution their use in any multi-temporal analysis.
The multi-date algorithm showed improvement over the best single date
results for the case where ship survey data were utilized and also for
the case where a best depth estimate was formulated based only on the
Landsat signal values. Observed improvements were found to be comparable
to that predicted from rms noise reduction. It was concluded that the
algorithm effectiveness may be improved by implementing pre-water depth

X processing procedures design to remove systematic noise components,
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2.0

INTRODUCTION

The Defense Mapping Agency has responsibility for issuing bathy-
metric charts for all areas of the world outside the United States.
Costs of revising charts using conventional ship survey methods have
increased sharply in recent years. As a result DMA is no longer able to
meet the demands for accurate charts and has been increasing its effort
to develop a Satellite/Airborne remote sensing survey capability which
would allow charts to be updated in a more efficient manner. ERIM has
participated in numerous studies supported by both DMA and NASA to de-
velop and refine techniques that predict water depth based upon Landsat
radiometric parameters [2,3]. In each of these previous studies water
depth algorithm development was accomplished by relating measured depths
to Landsat radiometric parameters. Altogether these studies provide a
significant data base for the evaluation of remote sensing techniques.
Since many of these studies were conducted in the Bahamas, DMA desig-
nated this region as the Bahamas Photobathymetric Calihration Area. The
waters in this region are exceptionally clear and exhibit a wide variety
of flcra and bottom types [4].

Based on the algorithms developed in the above studies, DMA has
supported the development of software to be run on its Digital Image
Processing System (DIPS). With the present capability, however, DMA has
no way to remove unwanted noise and effects which can easily influence
predicted depth calculations derived from Landsat data. Processing of
bathymetric/hydrographic data images can require detailed analysis in
each of two or three spectral bands. When it is necessary to separate
time-varying phenomenon as turbidity, surface slicks, clouds and haze
from bathymetric features, multi-date imagery is required., Given that
multi-date imagery is frequently vailable for purposes of image selec-
tion and to identify te  ..al atures it is reasonable to consider de-
veloping algorithms which can exploiv co-registered multi-date imagery.
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Work under this contract consists of development of a multi-temporal
processing procedure for application on the DIPS, The present DIPS
system is still in the development stages and, therefore, processing
algorithms developed for the DIPS must be flexible and sufficiently
generalized so as to alter application for use with a variety of data
sources and applications. Once procedures have been proven through
repeated use, then processing software on the DIPS can be modified to
reduce present time consuming constraints. In this effort, work was
directed toward utilizing multi-date Landsat coverage to develop a
procedure which will minimize the influence of noise and other effects

such as varying bottom reflectance and water clarity in order to provide
a best estimate of water depth.

2.1 BACKGROUND

The Defense Mapping Agency at its Hydrographic/Topographic Center
(HTC) has the capability to process Landsat MSS data to produce water
depth maps. The algorithms used are a single channel algorithm based on
digital values in band MSS4 (green) and a two channel algorithm based on
the ratio of digital values in bands MSS4 and MSS5 (red) [5]. The
Landsat estimates of water depth contain errors caused by changes in
water clarity, tidal state, bottom reflectance, surface reflected
energy, atmospheric effects, and sensor noise, The algorithms require
estimates of water clarity (K, the irradiance attenuation coefficient)
and bottom reflectance. These parameters are entered as constants in
the program. If they are estimated incorrectly, depth errors will
result in the processed data.

Random noise effects can be reduced if more than one Landsat data
set can be analyzed. Before the beneficial effects of noise reduction
(through averaging the depth estimates made on two or more scenes) can

be realized, the systematic errors between scenes must be reduced to low
levels. This reduction can be accomplished by adjusting the parameters
used to process the various MSS data :e°ots to minimize, in a least
squares sense, the differences in water depths computed from the scenes
being analyzed.
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The parameter adjustment process requires precisely registered ;
scenes of Landsat data, so that pixel-by-pixel comparisons can be made.
The technology exists to accurately correct scenes if a few (5-10 per p
scene) ground control points are available and the spacecraft attitude ?
is known. The latter information has been available in the X-format
tapes provided by EROS Data Center.

Two cases of parameter adjustment can be distinguished; a case
where a few known depth points are available, and a case where no
ancillary depth information is available. In the first case, water
depth estimates from a reference scene are first corrected to the known
data by adjustment of the algorithm parameters to minimize the differ-
ence between the estimates of depth (from the Landsat data) and the
actual depths. After the reference scene has been adjusted, each of the
additional scenes can be brought into correspondence with the reference
scene by a similar parameter adjustment procedure. At each step of the
parameter adjustment procedure, the resulting revised parameters should
be checked to assure that the adjustments are reasonable. If unreason-
able adjustments arise from the least squares procedure it is an indica-
tion that something may be wrong with the data set being analyzed. In
the case where no ancillary bathymetric data are available, the esti-
mates of water depth from the various Landsat scenes can be brought into
correspondence by adjusting algorithm parameters to minimize the mean
square depth difference between the scenes. But because of uncertain
tidal state and solar irradiance and bottom reflectance effects, the
average comouted depths may be biased with respect to true depths.

2.2 O0BJECTIVES OF THE PRESENT STUDY

The present study had four objectives. First, the mathematical
details of the parameter adjustment procedure were developed. Second, a K
multi-temporal data set was assembled from six previously processed 1
Landsat scenes covering the Bahamas Photobathymetric Calibration Area.
Third, the procedure was applied to the composite Bahamas data set and 4
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the results analyzed. Fourth, software was written to perform the
required analyses within the context of the DIPS at DMA/HTC. In the
remainder of this report the results of the four efforts are discussed.

2.3 EXISTING DIPS CAPABILITY

The DIPS provides a basic operating capability to process Landsat
MSS data and other sources of remote sensing imagery to detect and
position unknown navigational hazards or update charts which poorly
describe hazard features. The DIPS provides real time interactive
display and manipulation capabilities that allow the operator to process
one or more Landsat bands for purposes of extracting hydrographic
information in the form of predicted water depths or location of
specific bottom features. When fully operational DMA/HTC plans to use
the DIPS to support the following hydrographic work:

(1) Evaluation of hydrographic charts for accuracy.

(2) Updating and chart revision,

(3) Provide regular inputs to Notice to Mariners reports.

(4) Confirm and position doubtful dangers.

(5) Provide planning inputs to shallow water hydrographic ship
surveys.

(6) Provide a monitoring function for unstable navigational
hazards.

Presently the DIPS 1image processing and analysis functions are
limited to the spatial units of a single display image (512 x 512).
Each display image (subarea) can be transformed into geographic
coordinates with the aid of operator selected ground control points.
The image warp function can be used to transform geographic coordinates
of ship soundings to image line and point coordinates. Signal levels of
these latter pixels can be used to perform a linear regression analysis
yielding a relationship between water depth and signal level.
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The linear equation is a logarithmic transformation of:

_ -2Kz
V=V +Ve . (1)
where V = Landsat signal count
z = water depth (m)
K = irradiance attenuation coefficient
VS = Average deep water signal
VO = Average V-VS signal for zero depth
E pGT
_ 0
V, = (2)
w
where: Eq = solar irradiance at ocean surface
p = bottom reflectance
G = scanner sensitivity constant
T = atmospheric transmittance
The logarithmic equation has the linear form:
Y=A+BZ (3)

where Y = In(V - VS)

Equation 3 above can also be used to express water depth in terms of a
two band ratio (MSS4 and MSS5).

Presently there is no capability on the DIPS to extend depth pre-
dictions derived on one subarea to an adjacent one or to mosaic proces-
sed subareas.
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3.0
MULTI-TEMPORAL PROCEDURE DEVELOPMENT

The multi-temporal processing procedure developed for the DIPS is
one which utilizes multi-date Landsat data to remove uncertainty in the
depth calculation input parameters which are either assumed or measured
at selected point locations in the scene. In this regard the calcula-
tion of water depths from Landsat data depends on knowledge of three
basic parameters for each scene date. These are the deep water signai
Ve the irradiance attenuation coefficient K, and the bottom reflecti-
vity »p. In the water depth algorithm presently on the DIPS it is
assumed that the deep water signal is constant throughout the scene.
However, spatially varying surface and atmospheric effects can lead to
significant errors in this term. The extinction coefficient could be
highly variable both spatially and temporally. The bottom reflectivity
could also display large spatial variance, but temporal changes can be
expected to be isolated if they exist at all. In addition, Landsat
image characteristics including striping and angular distortions will
affect predicted depths. Thus there exist substantial spatial and
temporal complexities in the determination of water depths. Under these
circumstances of parameter uncertainty, the multi-temporal technique
becomes an attractive approach. The multitemporal procedures as des-
cribed below were developed using a six date scene set covering a
portion of the Bahamas Calibration Area. More specifically, Landsat
derived water depths from study areas 3A, 3B, 3C, and 3D were combined
with 1980 ship transect depths to form a test set (See Figure 1). The
specifics of the test set development are discussed in section 4.0.

3.1 BACKGROUND ANALYSIS

In the simplest form of the problem, given perfect knowledge of Vs’
K, and p and with noise effects spatially uniform and comparable for
each of the individual scenes, we would be able to determine the average
depth or "best" estimate at each pixel. However, under more realistic
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conditions we have imperfect parameter information and possibly spatial-
1y varying noise. Under such conditions we desire to utilize the multi-
temporal data in a methodology which will produce a "best" estimate of
water depth. There are essentially two types of uncertainty which in
turn suggest very different approaches for obtaining a best estimate.
First, with VS there is uncertainty in the measurement accuracy and
applicability to the depth determinations at other points in the scene.
If the variation in the VS term is random, then the errors may average
out to some extent when the multi-temporal results are combined. If on
the other hand the variations are due to patterns in atmospheric haze,
then it seems essential that such haze be first normalized throughout
the scene. It is recommended that such a haze algorithm should be added
to the DIPS processing software.

A measured difference in V, from scene date to scene date cannot be
used to improve the determination of K or p. The bottom reflectance is
not expected to change temporally. But because it is difficult to
estimate algorithms which minimize the effects of changing bottom
reflectance on water depth calculations are being developed. The zero
depth signal V0 contains the bottom reflectance coefficient and can be
either estimated from the data or calculated using solar irradiance,
sensor responsivity, atmospheric transmission and bottom reflectance as
o in equation (2). The values of VS and V0 must be tied to a subscene
area. In fact the v0 term varies from pixel-to-pixel in the scene but
cannot be directly calculated at each point without knowledge of »o.
Because Vo is the product of a series of parameters, variation in VO
from scene date to scene date is not directly related to variations in
bottom reflectance. Knowledge of the water attenuation coefficient, K,
could on the other hand, be useful if certain assumptions are permissi-
ble. First, if the K value does not change from date to date and there
is a significant and known change in the tidal state, then it is
possible to calculate the value of K at each pixel given a value of Ve
and Vo' Second, if the K value has changed temporally by a known

N
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quantity then it is possible to estimate the water depth independently
of the bottom reflectance.

It is questionable whether either of these approaches is applicable
to the Bahamas region since the tidal changes are small and on the order
of the water depth errors. In addition there is no data to support any
uniformity in the reported tidal state. Variations in tidal state can
be expected as a function of bottom slope and depth patterns. There is
little reported data on spatial variations of K values. It is likely
that spatial variations in K exceed those due to temporal changes with

the possible exception of those caused by passage of large storms.

3.2 MULTI-TEMPORAL PROCESSING METHODOLOGY

With this background let us now explore possible methodologies for
obtaining a best depth estimator. First consider a case where one has
only very limited water depth soundings as may be available from a crude
chart. It is further assumed that these depths are suitable for pur-
poses of checking or validating the results obtained by processing
remote sensing data but insufficient by numerous parameter estimation.
Initial values of water depths are obtained by making reasonable assump-
tions for K and deriving VS and Vo from each of two to four individual
data sets. Under such circumstances an approach is sought which will
utilize the multi-date information to obtain results which are superior
to those from a single date. If one attempts to apply an iteration
and/or relaxation process over the parameters of interest it is soon
discovered that there is no criterion available for testing convergence.
A plot of depths calculated on one date versus those calculated on a
second, for a set of registered pixels and a range of depths, can
suggest two types of parameter changes (Figure 2). A regression slope
not equal to one suggests a change in K while an offset indicates a
change in vo. If this latter term is calculated rather than estimated
from the data, then the offset may be due to changes in irradiance or
tidal state. Once the slope deviation has been removed by adjustment of

12
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one date's K value and the tidal change is used to remove the offset,
the two data sets are in agreement outside of the possibility of syste-
matic scattering (spatial variations) about the regression line or as
residual differences related to spatial location or water depth. I[f the
bottom reflectance parameter is perturbed in an effort to obtain better
agreement, one realizes that all such perturbations merely move the pos-
ition of the point along a line parallel to the slope (note that such
perturbations are taken to be the same for each date). In this case the
information necessary to reconcile the bottom reflectance on a pixel-by-
pixel basis is not present. If the slope in the original plot were
greatly different than one, implying a large change in K, then one
could, in principle increase or decrease the bottom reflectance value of
the individual pixels to bring them into closer agreement. However,
unless the atmospheric spatial variations are first removed from the
data such results are meaningless and such variations due to path radi-

ance must be removed from the data before beginning the depth
processing.

Presently there is no atmospheric correction capability with the
DIPS software. Further our experience with the Bahamas data set demon-
strates only very slight changes in K value from date to date and insuf-
ficient ones from which to make any attempt to analyze possible spatial
variations in bottom reflectance. Any number of scene dates can be re-
conciled into agreement by adjustment of K and the offset, and the resi-
duals can be used to indicate any systematic differences. Once these
are removed, the date-to-date residuals will have a random character and
no further parameter adjustment to improve agreement is possible. In
this circumstance the average depth computed for each pixel becomes the
“best estimator". If the spatial noise properties of data sets are
greatly different, then weights related to the noise amount can be de-
rived for each data set, and the average computed as a weighted average.

14
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Under a separate set of circumstances the multi-date data would be
accompanied with a large number of ship survey soundings which are
suitable to both calibrate and check the predicted depths. If these
depths are evenly distributed over the scene, then parameter adjustments
derived from these water depth measurements would in principle be valid
over the entire scene. If on the other hand these depths are derived
from transect data, then, of course, the validity of extrapolating water
depth remote sensing parameter results to other portions of the scene is
in doubt. Given the ship depths, our objective is to not only adjust
the predicted depths from date-to-date but to make further parameter
adjustments to winimize the differences between measured and predicted
depths with a least squares criteria. In this approach K and p para-
meters can be estimated initially and fed into a system of equations,
such as shown below, which adjust each parameter by some small change so
as to minimize the difference in the mean squared error over a given
series of N available scenes and M pixel locations.

N oz oZ
Z.. = Z.. + (_) AK- + (_) Ap- j = l,oo-,N (4)
1 1] J J .
3k .'J- Bp.ij 1= 1,-..,M
where ;ij are measured water depths, )
zij are Landsat estimated depths. 1

The resulting adjusted parameters are then fed back into the same
set of equations in an iterative process so as to converge to a best
estimated water depth. In formulating the equations one must be careful
to make the number of independent equations substantially greater than

the number of parameter unknowns so that the system can produce a stable
solution. For example suppose there are M ship depth locations and N
scene dates. Then one can write up to N x M equations in N x M unknowns
but would need to have substantially fewer unknowns to obtain a stable
solution. [If one allows K and tidal state (T) to vary tenporally but
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not spatially then K and T produce 2M unknowns. If the bottom reflec-
tance is assuned to vary spatially but not temporally then we have an
additional N unknowns. The variations in solar downward irradiance,
which can also be thought of as a variation in the vS term, are perhaps L
equally variable in both space and time. However, this latter parameter
variation leads to N x M unknowns making it unsuitable to this iteration
procedure. Thus, it is again seen that a procedure is needed to first 1
remove the spatial atmospheric variations prior to water depth proces-

sing. The extendability of the bottom reflectance parameters to other

portions of the scene is certainly a dubious procedure. However, one

could, in the event that there exist large K changes from date to date,

use the bottom reflectances as determined from the iterative solution

using measured depths to define and validate a bottom reflectance ad-

justment procedure as discussed above which could be applied to all

water pixels of the scene.

Without the atmospheric and spatial noise normalization procedure,
ship survey soundings can be used to adjust the K irradiance attenuation
parameter and remove depth offsets due to changes in tidal state or
other parameters affecting the vo term. In this case the parameter
adjustments can be expressed as shown in equation (4) above, then use an
iterative process of first determining a set of parameter adjustments,
then substituting the adjusted parameters back into the same equation to
converge to a least squares parameter fit. When the terms in the itera-
tion equation are linear in water depth, the described iteration process ﬁ
is equivalent to linear regression analysis and the parameters defined
by regression must necessarily be the same least squares solution as
that obtained with the iteration process. Thus linear regression can be
used to adjust assumed K values in order to bring them into line with
the measured depths. Once K and p parameter adjustments have been
completed for two or more scenes, residual differences can be examined
for any systematic patterns with depth and those can possibly be renoved
fron the data with some further paraneter adjustment. At this point the .
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predicted water depths for different dates are essentially equivalent
except for random differences. The best depth estimator becomes, as in
the previous case, the weighted average of predicted depths from each
scene date.

Based upon the analysis of the available Landsat multi-date water
depth maps in the Bahamas calibration study area, a general processing

procedure is described below. The analyses of these data are described
in section 5.0.

3.3 DESCRIPTION OF PROCESSING PROCEDURES

Preparation procedure: Using existing DIPS software and procedures
to:

(1) view Landsat band 4 and select desired subscenes for multi-
temporal processing (i.e., 512 x 512 blocks).

(2) Locate geometric control peints.

(3) Register by warping subscenes from different Landsat dates.

(4) Outline deep water and zero water depth areas and calculate the
deep water signal, V and zero depth signal, VO-VS,
respectively.

(5) Use available supporting data to make best guesses of K, p, and
tidal state for each subscene date. At this point assume
that K and p are constant for each date. Use these para-
meters to estimate water depths for each pixel and date
within the subscene.

S’

3.4 MULTI-TEMPORAL PROCESSING ELEMENTS

Use new MTP DIPS software to resolve date-to-date depth differences
and obtain a "best" estimator. Operator selects appropriate command
process fron the following menu. There are four basic commands within
the menu: LOAD, POLYGON, SCATTERPLOT, and APPLY. Each comnmand will
have several operator selected menu options as described below.

17
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(1) LOAD - Screen subscene for selected dates. Operator selects
dates and the program loads one date depth file into each of
the 3 Comtal image planes. Operator has option to load two
depth files and their difference map which is calculated with
this routine with an offset value of 128. Once image planes

are loaded, operator can proceed with selection of polygon test
areas.

(2) POLYGON - Define study areas for multi-date analysis using a
cursor driven polygon selection routine. These areas may have
uniform bottom or K value. Areas selected should contain loca-
tions of available measured or otherwise known depths. Operator
can select multiple polygons within the subscene as a single
study area set using this cownand. The program stores data for
all of the study sets selected for each of the available dates,
including estimated water depth and the Landsat counts in bands
4 and 5. All of these data are stored in a single file with
appropriate nane and type designators. Operator may optionally
exclude one or more dates or selected portions of the study
area from further processing. Operator can use this command to
conbine one or more study sets from the same subscene. Opera-
tor may terminate the command by requesting the statistics of
the study set (pixel count, mean values, range, and standard
deviation about the mean). Operator can aiso use this comnand
to estimnate the uncertainty in the depth predictor for an
individual date by selecting a study area with uniform water
depths.

(3) SCATTERPLOT - Adjust K and p parame.ers between dates to mini-
mize date-to-date differences in a least squares sense and sub-
sequently obtain the "best" estinate of water depth for each
pixel of the study area. This comnand has several operator
controlled options.

18
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(a)

(b)

(c)

(e)

Input measured or estinated reference control water depths
as polygon areas, transects, or points. These depths have
latitude/longitude coordinates which must first be con-
verted into line and point coordinates. Merge measured
depth information with study area file.

Scatter plot the predicted depths for two dates or with the
measured depths.

Use the previously calculated study set statistics to
select a reference date. Input the reference date.

Set maximum K and p paraneter values and delta changes
which are acceptable in the least squares parameter
analysis.

Operator selects dates fron the study set whose water
depths are to be regressed against those for the reference
date. The slope and intercept are used to modify K and p
parameters for the individual dates. If adjusted para-
meters exceed operator designated linits, the operator may
eliminate that data set from the analysis or reset the
paraneters. Adjusted parameters are then used to predict
water depths for each pixel in the study area. Residuals
fron the reference date are computed for each of the date
sets utilized in the analysis. The newly predicted depths
(by least squares parameter adjustnent) are then averaged
for each pixel to obtain a "best" estimate. Residuals and
"best" estinated water depths are stored in the study set
file. The adjusted K and p parameters and regression sta-
tistics are stored in a paraneter file for the study set.
The operator can obtain a printout of the study area file
and/or the paraneter file.

Sane analysis as in (e) with the reference date data
replaced by the measured water depths. The subsequent
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analysis would be performned only on those pixels of the
study set for which there exists measured water depths.

(g) Operator selects dates for analysis but no reference date
or measured data are utilized. Average depths are comnputed
for each pixel for the dates selected. These average
depths then becomne the reference data set as in option (e)

and an identical process is conpleted to obtain a "best"
estimator,

(h) Operator inputs uncertainties in originai selection of K
and p parameters to obtain an estimate of the corresponding
depth errors in the "best" depth estimate. Errors are
computed for 1.0, 2.0, 3.0, 5.0, 7.0, 10.0, 15.0, 20.0, and
30.0 meter water dep*hs.

(4) APPLY - The "best" depth predictor as derived in (4) is applied
to the Landsat data to obtain estimated depths for the entire
subscene. Operator initiates APPLY comnand by designatina the
parameter file which contains subscene name, dates, and para-
meter values needed to compute the "best" wnulti-tenporal esti-
mate. Results are included in the multi-date file structure
for the subscene and can be subsequently displayed and conpared
with previous single date predictions or other nmulti-date esti-
mnates using the L.LOAD comnand. Other known chart depths in the
subscene can be checked against the "best" estimated depth
using the analysis comnnand options (a) and (b).

The balance of the required processing, such as obtaining hardcopy
of the depth map, can be acconplished using existing DIPS software. The
MTP software delivered and installed on DIPS consists of a series of
nodules which support the multi-tenporal connand operations and
interface with existing routines.

Software has been developed as described in Appendices A and B
which can be used to implenent the above procedures on the DIPS. Sec-
tion 5.0 discusses suggested app'ications of this software on the DIPS.

20
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4.0
MULTI-TEMPORAL DATA SET CONSTRUCTION

Two processing steps were performed in order to prepare the six
previously processed Landsat scenes and the 1980 Ship Transect Data for
analysis. First, each of the six lLandsat data sets was registered to
geodetic coordinates using ERIM's semi-rigid Landsat model and available
ground control poirts. Second, the 1980 ship transect data, referenced
to latitude, longitude geodetic coordinates by SAI, were sampled and
merged with six sets of raw Landsat data and six depth estimates. This
latter step created a data base of about 400 pixels for four test areas
around the Great Bahama Bank. The four test areas used for this study
are designated as 3A, 3B, 3C, and 3D as shown in Figure 1. Test areas
were selected which exhibit a range of water depths and/or bottom type.
The rationale for this selection is more fully explained in section 5.

4.1 DATA SET DESCRIPTION

The Landsat data sets we used for analysis had been selected and
previously processed. Table 1 lists the scene ID's and other relevant
information. As described in [1] the data sets were processed for water
depths using a combined ratio-single band algorithm and the detector
parameters shown in Table 2. For all data sets a bottom reflec’ance of
0.22 was assumed. This value is used along with other parameters to
calculate Voo For all data sets water attenuation coefficients of Kg =
0.0748m'1 and K5 = 0.326m'1 were used, corresponding to values for
Jerlov Type IB water.

Previous water depth processing results exhibited varying water
penetration and depth uncertainty owing to seasonal changes in water
clarity and to cloud and haze patterns. Because data quality is impor-
tant for subsequent analyses, a qualitative discussion is presented in
section 5.2.
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TABLE 1. LIST OF LANDSAT SCENES OVER THE GRAND BAHAMA BANK
Satellite Solar
Date Scene ID Landsat 1 or 2 Mode Elevation
25 Feb 77 5678-14102 1 Low gain 30°
3 Feb 75 1925-15015 1 Low gain 34°
24 Dec 75 5249-14435 1 High gain 28°
29 Dec 74 1889-15033 1 Low gain 30°
11 Oct 77 2993-14385 2 High gain 36°
25 Jun 77 2885-14444 2 High gain 54°
TABLE 2. VALUES OF VOi AND vS FOR THE SIX LANDSAT SCENES
VALUES OF VOi
Scene Date Solar v04(MSS4) VOS(MSSS)
Elevation
25 Feb 77 30° 22.4 26.2
3 Feb 75 34° 25.1 29.3
24 Dec 75 28° 63.2 73.7
29 Dec 74 30°¢ 22.4 26.2
11 Oct 77 36° 88.6 121.0
25 Jun 77 54° 122.0 166.0
VALUES OF VS (MSS4)
Detector Number
Scene Date 1 2 3 4 5 6
25 Feb 77 15.2 16.0 15.2 15.2 15.8 15.2
3 Feb 75 15.3 15.1 15.0 15.1 15.6 15.3
24 Dec 75 45.5 45.8 46.0 45.8 46.0 45.5
29 Dec 74 16.4 16.1 16.7 16.6 16.4 16.3
11 Qct 77 33.4 37.4 38.5 37.4 41.5 40.6
25 Jun 77 55.7 58.0 63.7 60.4 64.9 62.7

.—E'V: LA AT X
. 'l '» T . “ .

22

N SRON




A

P
¢ e

§ 4%

T

ERIM

-

4.2 1980 SHIP SURVEY DATA

In July and August 1980 a series of cruises were made in vessels
operated by the Johns Hopkins Applied Physics Laboratory. Data col-
lected from these vessels included echo sounding depth transects, sub-
mersible photometer measurements in Landsat MSS and TM spectral bands
and high spectral resolution bottom reflectance data. Because of
previous difficulties with obtaining reliable ship position, a special
emphasis was made in this survey to gather accurate coordinates for
survey sampling positions. A LORAC positioning receiver was used in
connection with a series of geodetic positions as located with a satel-
lite positioning system. Details of the reduction of the navigation and
echo sounding fathometer data are presented in ref [1]. Bottom reflec-
tance spectra collected with aﬁ! ISCO spectral radiometer have been
previously reported [4].

A1l depth sounding and location data were supplied to ERIM on mag-
netic tape. Because of the high spatial density of echo sounding loca-
tions relative to the nominal 80 meter pixel size of Landsat, the mea-
surements for areas 3A through 3D were sampled and averaged with Landsat
pixel spacing. The latitude and longitude of each derived location was
then assigned to a particular pixel whose center coordinates were near-
est these values. With this procedure we were able to obtain a repre-
sentative water depth value for each pixel which was intersected by the
ship transect.

4.3 IMAGE-TO-IMAGE REGISTRATION

Before multi-temporal analysis could be conducted, each of the six
Landsat scene dates had to be co-registered to one another. We first
transformed each scene to geodetic coordinates and resampled each scene
by nearest neighbor resampling. The registration to geodetic
coordinates was required to merge in-depth sounding information.

The registration procedure uses a semi-rigid Landsat imaging model
and a few (5-10) well spaced control points per Landsat scene to compute
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two twenty-two term mapping polynomials. Control points are required
because the satellite ephermeris and attitude information, as reported
in the SIAT file of the Landsat data tapes, is not sufficiently precise
to assure subpixel registration accuracy to a geodetic grid. .

Difficulties were encountered in correcting the scenes because of
lack of well spaced control points. Four good ground control points
were located in the Bahamas. Because the western boundary of the scene
covered the eastern coast of Florida, additional ground control was
sought from the 1:250,000 scale Miami and West Palm Beach sheets. These
control points, along with additional points obtained from chart 26320
(scale 1:300,000) were later rejected as being too imprecise. Unfortun-
ately, this left us with only four points on the eastern edge of the
scene and no points on the western edge. As a result, the model east-
west errors are considerably larger (102.2m) than the north-south errors
(29.7m). Table 3 shows the results of the modeling efforts. Notice
that, although all control points are listed, only those with unit
weight are used in the model application. Similar results were obtained
with other frames. The conclusion is that the resulting corrected data
set matches the ship transect data to within about two pixels. This
accuracy should be adequate for most bathymetry analyses except in cases
where there is an abrupt change in bottom depth or reflectance.

Nearest neighbor resampling was used to obtain the geometric cor-
rected depth files. Use of cubic convolution or restoration is not

appropriate for these data since non-linear processing has been applied
to the Landsat radiometric data values.

Data were resampled into a Universal Transverse Mercator (UTM) pro-
1&! jection with 50m pixels. From this projection it is possible to compute
[ the Tatitude and longitude of each pixel, using well documented formu-
?ﬁf las. It is also easy to compute the pixel line and point number from a
3 given latitude and longitude.
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TABLE 3. LANDSAT IMAGING MODEL RESULTS
Landsat Ground Control Points REV 10.0
SCENE ID 25 FEB 77
RMS ERRORS EAST-WEST 102.2 NORTH-SOUTH 29.7 (METERS)
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4.4 REGISTRATION OF SHIP TRANSECT AND IMAGE DATA

Smoothed ship transect depth data (see section 4.2) and Landsat
estimates were merged. Data were stored in a list file for later access
by the statistical analysis routines as discussed in section 5.
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5.0
PROCEDURE ANALYSIS AND EVALUATION

As discussed in the previous sections, this contract work involved
both the development of a multi-temporal processing procedures and its
implementation on the DIPS. The approach taken was to develop elements
of the procedure based upon the DIPS software capabilities, theoretical
considerations, and anticipated quantity of multi-date imagery. Proced-
ure evaluation was made with a single multi-temporal Landsat data set.
Because the software developed for the DIPS could not be directly imple-
mented on the ERIM PDP/11 the procedure evaluation analyses were carried
out on the University of Michigan MTS computer system. The approach
involved using the MTS statistical analysis package on the previously
registered ship and multi-temporal data set as discussed in section 4.0.
The following sections describe some of the statistical characteristics
of this data set, typical results obtained when these data were used to
implement proposed procedures, an interpretation of these analyses, and

based upon our experience, a recommended set of initial applications of
the MTP software.

5.1 DATA SET QUALITY AND NOISE CHARACTERISTICS

For purposes of this description the Landsat/ship data set as-
sembled consisted of four separate portions, one each from calibration
subareas 3A, 3B, 3C, and 3D. Each set contained the multi-date Landsat
derived water depths for 25 February 77, 3 February 77, 29 December 74,
24 December 75, 25 June 77, and 11 October 77. In addition each set
contained the survey ship measured soundings and TM radiometer measure-
ments. Each of these multi-variate data sets 3A, 3B, 3C, and 3D con-
tained respectively 105, 231, 202, and 238 pixel locations. Initially
it was necessary to ascertain the relative quality and noise condition
of each of the six independent water depths. Of the calibration areas
selected for this multi-temporal analysis, 3D was found to contain
regions with little variation in measured water depth. For this reason
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30 was considered a good candidate for noise analysis of the Landsat
predicted depths. A total of twenty pixels were selected from an
approximately two square kilometer area within 3D. For each of these a
3 x 3 array was recovered from each of the six dates with the center
pixel corresponding to that pixel selected from 3D. For each scene date
a local mean and standard deviation were calculated for each array and
used to estimate a standard deviation and mean for the entire twenty j
arrays. These calculations are summarized in Table 4. J

R Y WD Y SR SR -L-.‘.'.'.‘AMA_'J

TABLE 4. STATISTICS FOR LANDSAT EXTRACTED

WATER DEPTHS SELECTED FROM AREA 3D ]
Mean Standard Ratio i
Scene Depth (m) Deviation OX/X oV_/¥s ov/V Col. 6/
Date [x] (m) [o,] (M3s4)  (MSS4) Col. §
25 Feb 77 5.2 0.82 0.158  0.034 0.049 1.44
03 Feb 77 6.6 1.18 0.179  0.047 0.069 1.46 i
29 Dec 74 4.2 1.11 0.264  0.042 0.070 1.67 ]
24 Dec 75 6.3 1.57 0.249  0.036 0.083 2.31 ;
25 Jun 77 9.8 2.50 0.255  0.033 0.121 3.67
11 Oct 77 8.4 2.74 0.326  0.050 0.167 3.34

The ship-measurcd depths for the twenty pixels exhibited a mean of
8.58 meters and a standard deviation of 0.227 meters. The scene dates
in the table have been placed in order of quality from the best to the
poorest based upon (1) visual inspection of the resulting water depth
maps, (2) the standard deviation of the predicted depth, and (3) the
ratio of standard deviations in MSS4 i.e., ratio of column 6 to column 5 é
as shown in the table above. Column 5 is the ratio of the standard
deviation in MSS4 over deep water to the mean deep water signal, Vs‘
Column 6 is the same ratio but where the standard deviation and mean
MSS4 signal are averaged over the twenty pixel arrays in 3D. The ratio
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of these two quantities (Col. 7) provides an indicator of how the data
vary in noise properties from those determined in a deep water region.
Analysis of the TM2 submersible radiometer values in the TM green band
for the same twenty pixels yield a standard deviation equivalent to
eight percent of the mean value. Some of that change is due to changes
in water depth and subsurface downwelling irradiance. Comparisons made
in the table above suggest the following. While the 11 Oct 77 predicted
mean depth falls closest to that measured by the ship, it exhibits
poorest reliability because of the large noise components which are far
in excess of those due to changes in water depth, bottom type, or noise
associated with deep water signals. The sources of this noise are
likely a combination of errors from image to image registration, pixel
extraction, and atmospheric conditions. In the first three dates of the
table, on the other hand, variations are only about 50 percent greater
than those associated with deep water variations in Vs’ and are consid-
ered superior to the last three. Since there undoubtedly exist some
errors due to each of the previously mentioned sources, the reported
standard deviations in the Landsat predicted depth appear reasonable
even though they suggest one meter accuracy at eight meters depth if the
offsets are corrected. The large error in predicted depth is due to
offset which suggest some difficulty in calculating representative
values of VS and V0 from the data. Further it underscores the need for
multi-temporal analysis to resolve observed differences in predicted
depth and provide a best estimate water depth.

5.2 EXAMPLE CALCULATIONS USING MULTI-TEMPORAL PROCEDURES

Example calculations using suggested multi-temporal procedures are
presented here to show methods of operation and value when applied to
the assembled Landsat/measured data sets. Basically, calculations were
made with and without the aid of ship measured water depths. The large
errors in mean water depth shown above for a portion of area 3D were
found with each of the other areas as well. This finding confirms that
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unless ship surface truth is used in the depth analysis, large errors
due to offsets in depth/signal relationships can be expected. Statisti-
:i cal and depth analysis results are summarized for areas 3A, 3B, 3C, and
. 3D in Tables 5 through 8 respectively. Of the four areas, 3B showed the
best distribution of water depths and, therefore, potentially the
greatest opportunity for resolution of differences in predicted and
measured water depths. The following discussion is, therefore denoted,
primarily to the results obtained from area 3B. The noise analysis con-
ducted above indicated data from three of the six scene dates to be
suitable for multi-temporal processing. As a result most calculations
reported were made using these three dates. For purposes of this analy-
sis the 231 pixels extracted from 3B were divided into two groups, 1-75
: and 76-231. The first served as a calibration set and the latter as a
ij validation or test set. 1In general two types of multi-temporal analyses
) were performed on the 3B data set -- (1) A least squares adjustment of K
and p parameters between scene dates and between an adjusted average and
: the measured water depths. (2) A straight average of the independent
> satellite predicted depths. Initially data from the best three dates
- were used to resolve K and p parameter differences using date-to-date
regression. For these cases all 231 pixels were used to produce the
- regression equations (6.1) and (6.2) in Table 6.

- The resulting coefficients and constants indicate the amount of
adjustment in K and V0 necessary to bring the two data sets into
agreement in a least squares manner. The coefficient (ai) dictates the
amount of adjustment in K necessary to bring the two data sets into
Iy agreement (K* = ai'1 * K). The constant, bi’ in combination with the
~§ coefficient, determines the adjustment necessary in the VO term (Vo* =
' Vo*eZKbi/ai). If the ratio method is used we are referring to a K
difference and a ratio of Vo for MSS4 and MSS5. Using equations 6.1 and
6.2, data sets 2 and 3 can be transformed to estimate Vl' The remaining
differences can be attributed to random noise processes. The random

differences can be reduced by averaging Vl’ Vl (VZ)’ and 91 (V3). The
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TABLE 5.

SUMMARY STATISTICS AND REGRESSION RESULTS

FOR CALIBRATION AREA 3A

PP RO PN ST ST WP WP

<<
1}

Pixel No. 51-100
VARIABLE MIN MAX  MEAN  STD DEV MIN
Predicted Depth (m) 2.50 25.50 6.49 3,90 1.90
February 25, 1977
Predicted Depth (m) 3.80 25.50 7.08 5.03 3.70
February 3, 1977
Predicted Depth (m) 0.30 25.50 6.83 3.37 0.30
December 29, 1974
Ship Meas. Depth(m) 5.34 29.54 9,15 3.59 5.34
Predicted Depth (m) 6.20 23.23 9.15 2.89 5.75
from Eq. 3 below
Residual Errors (m) -6.52 6.31 0.10 2.16 -13.00
Eq. 3 below
’ Average Adjusted Depth (m)
from Three Dates 4,18 23.93 6.58 3.33 4,10
Predicted Depths (m)
from Eq. 4 below 7.42 23.04 9.32 2.63 7.36
Residual Errors (m)
from Eq. 4 below -7.75  6.93 -0.17 2.35 -7.75
Correlation
Regression Equation Coefficient
5.1 yl(vz) = 0.885 V, + 0.611 0.909
5.2 Vl(V3) = 1.066 V3 - 0.510 0.745
5.3 z = 0,740 V1 + 4,35 0.804
5.4 7z = 0.822 (Adjusted Average) + 3.74 0.762
where:
Vl = Predicted Depth (m) 25 FEB 77; V

A1l Pixels
MAX  MEAN STD DEV
25.50 7.04 5.17
25.50 7.26 5.30
25.50 7.09 3.61
35.93 9.57 4.10
23.23 9.56 3.83
12.70 0.00 3.02
23.93  6.90 3.98
23.04 9,57 3.15
12.89 0.0u 2.65
Standard
Error

2.16

3.46

2.16

2.35

9 = Predicted Depth (m) 3 FEB 77;

3 Predicted Depth (m) 29 DEC 74; z = Actual/Measured Depth (m)
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TABLE 6. SUMMARY STATISTICS AND REGRESSION RESULTS
FOR CALIBRATION AREA 3B

Pixel No. 1-75

VARIABLE MIN MAX
Predicted Depth (m) 1.80 25.50
February 25, 1977
Predicted Depth (m) 1.90 25.50
February 3, 1977
Predicted Depth (m) 3.10 18.20
December 29, 1974
Ship Meas. Depth(m) 3.88 39.36
Predicted Depth (m)
from Eq. 3 below 4,37 27.10
Residual Errors (m)
from Eq. 3 below -10.90 20.76
Average Adjusted Depth (m)
from Three Dates 2.53 21.44
Predicted Depths (m)
from Eq. 4 below 4,37 25.71
Residual Errors (m)
from Eq. 4 below -10.44 17.07
Regression Equation
6.1 Vl(vz) = 0.763 V, + 1.031
6.2 YI(V3) = 1.001 V3 + 0.113
6.3 z = 0.933 V) + 3.29

z

6.4

where:

- <<
y—
It [}

Predicted Depth (m) 25 FEB 77; V
4 = Predicted Depth (m) 29 DEC 74; z = Actual/Measured Depth (m)

MEAN STD DEV MIN
8.05 6.08 2.70
9.69 6.68 3.10
8.11 4.26 3.20
10.81 6.93 4.78
10.81 5.68 5.81
0.00 3.99 -12.14
8.24 5.03 3.67

10.81 5.68 5.66
0.00 2.38 -10.08

Correlation

Coefficient
0.879
0.859
0.820

= 1.129 (Adjusted Average) + 1,51 0.820

2
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Pixel No. 76-231
MAX  MEAN STD DEV
25.50 10.99 5.83
25.50 12.82 6.9?2
25.50 10.77 5.40
43.33 13.36 7.73
27.10 13.55 5.44
16.23 -0.19 4,92
23.88 10.90 5.23
28.47 13.82 5.90
14.91 -0.46 4.21
Standard
Error

2.89

3.11

3.99

2.38

= Predicted Depth (m) 3 FEB 77;
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TABLE 7. SUMMARY STATISTICS AND REGRESSION RESULTS
FOR CALIBRATION AREA 3C
Pixel No. 1-50 Pixel No, 51-202
VARTABLE MIN MAX  MEAN  STD DEV MIN  MAX  MEAN  STD DEV

Predicted Depth (m) 1.90 25.50 6.54 5.41 2.30 25.50 6.75 4.21

February 25, 1977

Predicted Depth (m) 0.60 25.50 6.56  4.99 2.70 25.50 7.78  4.60

February 3, 1977

Predicted Depth {(m) 1.20 25.50 5.37 4.53 2.20 25.50 6.48 3.38

December 29, 1974

Ship Meas. Depth(m) 4.86 35.05 9.81 4.97 6.39 24.90 9.53 2.55

Predicted Depth (m)

from Eq. 3 below 6.07 25.08 9.81 4.36 6.40 25.08 9,98 3.39

Residual Errors (m)

from Eq. 3 below -7.63 9.97 0.00 2.42 -6.40 3.49 0.45 1.91

Average Adjusted Depth (m)

from Three Dates 1.76 25.29 6.07 4,81 2.84 25.28 6.90 3.84

Predicted Depths (m)

from Eq. 4 below 5.84 27.52 9.81 4.44 6.83 27.52 10.58 3.53

Residual Errors (m)

from Eq. 4 below -5.01 7.53 0.00 2.28 -6.62 2.79 -1.05 1.91
Correlation Standard

Regression Equation Coefficient Error

7.1 Vl(vz) = 0.876 V, + 0.11503 0.914 1.84

7.2 vl(v3) = 1.098 V3 - 0.1125 0.902 1.96

7.3 z = 0,805 V1 + 4,55 0.876 2.47

7.4 z = 0,921 (adjusted average) + 4.22 0.892 2.28

where:

V1 = Predicted Depth (m) 25 FEB 77; V, = Predicted Depth (m) 3 FEB 77;

V3 - Predicted Depth (m) 29 DEC 74; z = Actual/Measured Depth (m)
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TABLE 8. SUMMARY STATISTICS AND REGRESSION RESULTS
FOR CALIBRATION AREA 3D
Pixel No. 150-224 Pixel No. 1-149, 225-238
VARIABLE MIN MAX MEAN STD DEV MIN MAX ME AN STD DEV
Predicted Depth (m) 1.90 7.50 3.76  1.20 1.90 6.60 4.63  1.08

February 25, 1977

Predicted Depth (m) 2.70 9.90 4.64 1.35 2.70 8.50 5.34 1.23
February 3, 1977

Predicted Depth (m) 1.60 8.50 3.82 1.23 1.20 6.50 3.98 0.94
December 29, 1974

Ship Meas. Depth(m) 2.35 9.58 5.48 2.60 2.50 9.72 7.56 1.69

Predicted Depth (m) 3.85 8.76 5.48 1.05 3.85 7.97 6.24 0.9%
from Eq. 3 below

Residual Errors (m) -3.50 4.94 0.00 2.39 -2.58 4.57 1.31 1.52
from Eq. 3 below

Average Adjusted Depth (m)

from Three Dates 2.76  6.93 4.04 0.83 2.49 6.09 4.50 0.68
Predicted Depths (m) ‘
from Eq. 4 below 3.51  9.92 5.48 1.28 3.09 8.63 6.18 1.04
Residual Errors (m)
from Eq. 4 below -3.14 5,18 0.00 2.28 -2.83 5.12 1.38 1.57
Correlation Standard
Regression Equation Coefficient Error
, 8.1 V,(V,) = 0.571 V, + 1.436 0.628 0.925
[ 8.2V (V3) = 0.650 V, + 1.800 0.566 0.980C
" 8.3 z =0.876 V, + 2.19 0.404 2.39
*5 8.4 7 = 1.537 (Adjusted Average) - 0.736  0.491 2.28
N where: ]
_ 2
¥ V1 = Predicted Depth (m) 25 FEB 77; V2 = Predicted Depth (m) 3 FEB 77; !
g V3 = Predicted Depth (m) 29 DEC 74; z = Actual/Measured Depth (m) ;
: |
fs -
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result, which we will refer to as V1 (adjusted average), can then be
related to the measured depths in an effort to make final adjustments to
K and p parameters as shown in Figure 3. For this case the regression

equation is given as equation 6.4 in Table 6.

Predicted depths are shown for both the regression pixels (1-75)
and the balance of 3B {76-231). The residual errors between this model
and the ship measurements are shown in Figure 4. The residual patterns
appear random except for groups of points along parailel lines oriented
at a sixty degree slope. These residual patterns are associated with
the use of quantized signal Tlevels used to predict discrete depths
rather than continuous levels. This effect will be most pronounced in
deeper waters where there are just a few Landsat raw data count changes
over a large range of depths. In these cases a single depth is pre-
dicted for pixels having a range of measured depths. The residual is
a simple linear function of the measured depth. Outside of these pat-
terns, the residuals appear to be random. When this analysis process
was repeated using all six dates, the standard error of the estimate in-
creased from 2.38 to 5.27 meters. This increase is expected, given that
the latter three scene dates are of relatively poorer quality as discus-
sed in section 5.1. A further comparative analysis was made by using
only the first and best scene date (25 Feb 77). The resulting regression
equation is given as equation 6.3 in Table 6. Plots of this regression
analysis and residual errors are shown in Figures 5 and 6 respectively.
The standard error of 3.99 meters is approximately 3 times that obtained
for the three date case above. This comparison suggests that the pri-

mary effect of using t“e multiple dates was simple reduction of random
noise.

In the second type of analysis performed on these data, Landsat
predicted depths were simply averaged on a pixel by pixel basis with no
parameter adjustments from those originally assumed. Averages for three
and six date cases are plotted against measured ship depths as well as
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Adjusted Average Depths. The regression line
=1.129 x +1.510) 1is based upon points (1-75)
shown with the * symbol., The + symbol denotes other
points in the 3B data set (76-231).
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Scatter Plot of the Measured Depths Versus Landsat
Predicted [‘epths from the 25 Februarv 77 Scene.
The regression line (z = 0.933 x +3.292) is based
upon points (1-75) shown with * symbol. Other
points (76-231) are shown with a + symbol.
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depth differences in Figures 7 through 10. Correlation coefficients of
0.840 and 0.855 were obtained between the three-date and six-date K
averages and the measured ship depths respectively. The six date

average produced a slightly tighter grouping of plotted points in the 5
to 15 meter depth range than the three date case indicating this average
was less sensitive to actual depth changes. Thus while the straight
averaging process will tend to reduce absolute errors in mean depth as
described above, the average as a best predicted depth will show greater

S Y R

absolute errors as water depths deviate from the mean. If one can
effectively reduce the constant differences between predicted and

e Y PR

measured depths then the adjusted averaging process appears to be
superior to straight averaging of multidate extracted depths.

- 4’_-1_""'4

5.3 MULTI-TEMPORAL ANALYSIS PROCEDURES ON THE DIPS

.

The results described above should not be construed as an evalua-

h

tion of the MTP software capabilities; rather they are results obtained

with MTP type operations which were considered appropriate to the avail- -
able data set. As previously stated, evaluation must be made on the

basis of analysis of several sets of multi-temporal remote sensing data.

The following descriptions are intended as representative analysis pro-

cedures which could be carried out on the DIPS with the aid of the ERIM

developed software.

In each of the following examples it is assumed that necessary pre-
paration procedures (image to image warping, etc.) have been carried out
as described in section 3.4 and the DIPS operator manuals. For each date
the best available parameter estimates have been used with the DIPS
DEPTH routine to convert the Landsat signal levels at each pixel in a
512 x 512 subarea to an estimated water depth. At this point the opera-

tor can call up the MTP menu and have the following -selection of
operations:

40
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Figure 7. Scatter Plot of Unadjusted Average Landsat Predicted
Water Depth for 25 Feb 77, 3 Feb 77, and 29 Dec 74
versus the “easured Depth.
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Predicted Depth versus the Measured Depth (see Figure 7).
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Predicted Water Depth for A1l Six Available Dates
Versus the Measured Denth.
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Scatter Plot of the Residual of the Unadjusted
Average Predicted Depth versus the Measured
Depth (see Figure 9).
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Multi-temporal Program Depth Analysis Sub-Menu

1. load image files to display.
2. Select image plane for viewing.
3. Conduct simplevoperations between image planes.
4, Select smoothing operation.
5. Select polygon areas.
6. Make scatterplots and calculate regression statistics for
pixels within polygon(s).
7. Extract statistics from polygon area(s).
8. Apply regression coefficients to adjust depth algorithm
parameters.
9. Estimate parameter error propagation.
i0. Exit menu.

The following four examples are considered representative of the
types of water depth problems for which the MTP software could help to
enhance the depth estimates. In each case the objective is to extract
the water depth information from remote sensor data given available

F surface truth measurements and water calibration depths.
(1) Assume we are examining a small area with uniform bottom type
N but with unknown reflectance. Suppose further there exists a

large K difference between the available scene dates as
ascertained with the SCATTERPLOT routine. Use regression to
estimate the K difference pairwise vor the scene dates. Return
to the DEPTH routine and trect the pairs of dates as pairs of

wavelengths in the ratio algorithm which eliminates the need
for a specific bottom reflectance coefficient.

(2) Assume that the K value is constant but unknown for the avail-

kf able scene dates. Suppose that for at least two of the dates
X there exists a known tidal state change. Use the SCATTERPLOT
e - and REGRESSION routine to confirm the offsct in predicted water
C
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depth due to tidal state. Use the regression slope information
and the APPLY routine to remove any differences in K type para-
meters from the data. Use the APPLY routine to calculate the
predicted depth difference between scenes (pairwise) and the
STATISTICS EXTRACTION routine to compute the average differ-
ence. Adjust the K parameter by the ratio of this average to
the known tidal state change and recalculate using the DEPTH
routine. Actually we do not have to assume a constant K from
scene to scene since the differences can be assessed from the
REGRESSION coefficients and adjusted individually by the tidal
state factor.

(3) Assume we are examining a large area with variable bottom re-
flectance. Use the SCATTERPLOT, REGRESSION, and APPLY routines
to adjust out scene-wide K and r type parameter differences.
Group the available scene dates into two groups according to
known high or low tidal state. Adjust each scene date using
the APPLY routine to add (or subtract) a constant from each
pixel depth so as to transform the data to a state of normal
high or normal low tidal state. €Even though the residuals
appear to be random errors about the tidal difference they may
contain systematic spatial components due to bottom reflectance
variations. A depth difference map(s) can be computed using
the APPLY routine and subsequently loaded into the available
Comtal image planes using the LOAD option. If the difference
maps display patterns which correlate with bottom features as
determined from aerial photos, ship surveys, or knowledge of
coastal processes, then such difference maps can be used with
the MTP software to essentially adjust the bottom reflectance
on a pixel by pixel basis. The depth difference maps should
have similar features and are essentially equivalent since the
scenes have been normalized for K and tidal state differences.
Random features in these difference maps suggest that the
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influence of spatially varying noise due to atmospheric condi-
tions is evident. In the former case, bottom reflectance ad-
justments can be accomplished as follows. First the depth
difference maps (high minus low tide) should be smoothed and
averaged (for usable scene dates) to reduce random noise com-
ponents. Pixels in the resulting difference map which have
value greater than the average (normal high tide minus normal
low) suggest a bottom reflectance which is greater than that
assumed in the original calculations. Alternatively those with
lower value suggest a lower value in bottom reflectance. Depth
deviations due to bottom reflectance are calculated by simply
subtracting the mean difference (using APPLY). These deviations
can then be subtracted from the individual scenes to remove the
unwanted effects due to bottom reflectance variations.

For this case surface truth measurements are available to cali-
brate water depths extracted from remote sensing data. First
the SCATTERPLOT and REGRESSION routines are used to analyze the
multitemporal data set as in the previous examples. Having
done so, the APPLY routine is used to adjust date-to-date dif-
ferences due to algorithm parameter variations. At this point
the multidate sets are essentially equivalent and any remaining
date to date differences are likely due to random noise compon-
ents. The best depth estimate, in this case, is a pixel-by-
pixel average over the available scene dates. This latter
estimate is the best one can do without supporting surface
truth calibration data. The extent to which such truth data
can be used to improve the predicted depths depends on its
quality and applicability. The level of representativeness
dictates the spatial area(s) of the subarea where calibration
depths can be used to make v« ther adjustments to the remote
sensor extracted water depths. Three types of conditions seem
important. (1) If the measured depths are evenly distributed
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aéross the subarea and if they cover a sufficiently wide range
of depths then, resulting calibrated predictions can be applied
to the entire subarea. (2) If on the other hand the measured
aepths are taken from a single small area thenm it is doubtful
that they could be applied elsewhere in the subarea. (3) If
multiple calibration areas are used and each representative of
a separate bottom type, it may be possible to iterate over
values of bottom reflectance to obtain a suitable fit for each
calibration area. Depth algorithms calibrated in this way

could be applied to other locations in the subarea with similar
bottom types.

18
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6.0
CONCLUSIONS AND RECOMMENDATIONS

The project discussed in the report documents ERIM's effort to
develop a multi-temporal processing algorithm for DMA's Digital Image
Processing System (DIPS). The project utilized a Landsat Multidate data
set which includes the Bahamas Photobathymetric Calibration Area. The
processing algorithm developed, however, is not dependent on the speci-
fic use of Landsat data bu. rather can be applied in principle to any
multitemporal data set. Development and evaluation of this algorithm as
discussed in section 5.0 and elsewhere has led to the following conclu-
sions and recommendations.

6.1 CONCLUSIONS

(1) The multi-temporal algorithm developed under this contract and
its accompanying software could not be fully implemented on the ERIM
PCP/11 computer because of critical differences in the DIPS hardware and
software. This situation precluded any multi-temporal image processing.
In view of this situation a data set was assembled consisting of coinci-
dent ship survey data and multi-date Landsat signal values.

(2) The available Bahamas Landsat data was found to vary widely
from data to date in terms of its utility for water depth extraction and
for multi-temporal processing. The observed variation is considered to
be due principally to atmospheric and system noise. Of the six avail-
able data sets, three were found to ba of comparably good quality and
three of relatively poor quality. When we attempted to utilize any of
these latter scene dates, the predicted depths were less reliable when
compared to measured ship survey soundings. In view of this experience
it is concluded that preliminary quality review and noise analysis must
accompany the selection of comparable multi-date imagery. Further this
experience suggests that a typical multi-date Landsat data set will
consist of two or three scenes.
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(3) During the present study, three multi-temporal depth procedures
were implemented. In the first procedure, ship transect data was used
along with data from the three best dates to cbtain an averaged depth
file by first adjusting parameters of the depth algorithm for each date
to minimize the mean square errors between calculated and ship data,
then averaging the three revised depth files. In the second procedure,
the depth files from the three best dates were adjusted, then the files
averaged. Results were compared to ship data. In the third procedure,
depth files from the best three dates were simply averaged, with no
parameter adjustments, and results compared to the ship data.

Results were evaluated by assessing the bias (mean error) and
standard error (mean square error) between the ship data and the result-
ant average depth files. Results are shown in Table 9. For the first
procedure, the bias is identically zero as a result of the least squares
regression normalization. The standard error, for the points examined,
is 2.38 m. Because this error depends on depth, the standard error for
a set of points different from those used for this analysis will gener-
ally not be the same as the standard error we obtained. For procedure
2, there was a bias of 1.51 m and the same standard error, 2.38 m. Bias
occurs because ship data were not used in the normalization procedure.
Procedure 3 produced a bias of 1.94 m and a standard error of 4,13 m.
These numbers are poorer than for procedure 2 because no parameter nor-

malization was performed. The differences between the biases and

standard errors of procedure 2 and procedure 3 are an indication of the
improvement brought about by parameter normalization. The increase in
bias of procedure 3 when going from three scenes to six may be a
reflection on the poorer data quality of the additional three scenes.

Another evaluation of procedure 1 was to compare standard errors of
one, two, and three data average depth files. Results are shown in
Table 10. The fact that the three data standard error is lower than the
one date standard error shows the improvement to be obtained using the
multi-temporal procedure. The results for two dates appears anomalous,
but few definitive conclusions can be drawn based on this data set
alone,
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TABLE 9

COMPARTISON OF BIAS AND STANDARD ERROR FOR ]

THREE MULYI-TEMPORAL DEPTH TECHNIQUES ]

Procedure Bias (m) Standard Error (m) #

]

(1) Parameter
normalization with ship data - 3 scene 0 2.38

(2) Parameter
normalization without ship data -

3 scene 1.51 2.38
(3) Straight average
no normalization - 3 scene 1.94 4,13
- 6 scene 2.71 4,13
TABLE 10

COMPARISON OF PROCEDURE 1 USING
ONE, TWO, AND THREE DATE DEPTH DATA

- Number of Dates Standard Error (m)
1 2.89
2 3.1
3 2.38

(4) Because of the complex character of the Bahamas multi-date
Landsat data set it is not possible to predict general performance of
the algorithm for other such data sets and for other types of multi-
temporal data from which bathymetric/hydrographic information could be

o DA AN
B AR I

extracted,

(5) The multi-date algorithm has been designed with flexibility of

precise procedure to allow the DIPS operator to investigate various

processing procedures to enhance not only the accuracy of water depth
predictions but also the image detection of submerged hazards.

(6) The application of Kalman filtering theory was briefly investi-
gated as a basis for a multi-temporal algorithm, The Kalman theory
presents a very generalized least squares formulation adaptable to
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imperfect parameter information and various Gaussian noise variables.
This approach was, however, considered infeasible because of a practical
requirement for large number of scene dates. Because of the expected
limited number of dates available for any one scene, it is concluded
that the multi-temporal algorithm must be so formulated to rely more
heavily on the spatial variations within any one scene and less on the

— - i e B A% e 2 i)
PN AL A AL P hadd _ﬂ_‘il '."'.‘ £ K '! AN '
RPN v"-' .'.l_“- DI N e e,

actual date-to-date variations for any scene location (pixel).
6.2 RECOMMENDATIONS

(1) The algorithm developed for multi-temporal remote sensing data
should be evaluated against other Landsat multi-date sets and
also those that may be derived from aircraft and other sources
of high resolution spatial information systems.

(2) Research and development should be initiated to construct an
algorithm which normalizes satellite and aircraft radiometric
data on a pixel-by-pixel basis so as to extend the applicabi-
lity of water depth predictions beyond the immediate area of
surface truth,

(3) Since the software delivered to DMA/HTC has not been completely
checked out we recommend DMA staff, familiar with DIPS, to
initiate a test using the Bahamas data set. Documentation
files provided with the delivered software are sufficient to
allow installation and operation,

(4) Since DMA has a requirement to upgrade the DIPS as improved and
special purpose algorithms are developed, it would be advan-
tageous to have a DIPS simulator on the ERIM PDP/11 to provide
a means for complete checkout of future software and to allow
development of special options to operator processing

- procedures.
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ERIM

APPENDIX A

SOFTWARE DESCRIPTION AND
INSTALLATION INSTRUCTIONS

This Appendix contains listings of documentation files as provided
on the ERIM generated magnetic tape. These listings include INSTALL.DOC
which provides detailed instructions to DMA DIPS operators on the proper
installation of the ERIM MTP software. Also included are documentation
files describing the overall MTP software (OVERVIEW.DOC), a checkout
procedure (CHECKOUT.DOC), and a sequence for running the various MTP
menu options (RUNNING.DOC).
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D ERIM

ICAAMEIST DAL QHH FRIM NOV, 19D

THIS "RPAOMEIST NN FILE I8 THE FIRST DOCUMENTATION FILE YOU SHIULD
READ FOR THE ERTV MTP MULTIe«TEMPORAL PROCESSING DSPTH ALGORITHM SOPTWARE,
FIR O INSTYALLATION SEF INSTALL,NNC AND INSTAL| ,CMD, OTHERWISE, USE READMELET,DOC
TC ONIRFTY ¥ YO LLL THE DTSMER DNCUMENTATION, AS FOLLCWSH

1) INSTALL,NOC =e PASVIODES DNCUMENTATION AND A COMMAND FILE 70
INSTALL,.CMD INSTALL TWE ERIM SOFTWARE AUTOMATICALLY AND
PAINLESSLY (WSLL, ALMOST, WE WOPES,

?) TVERVIEW,DOC e= PROVIDES AN OVERVIFW OF THE ERIM MTP SYSTEM,
Y CHESKOUT NNC e DISCUSSES USE OF SAMPLE DATA FOR A RUNTHROUMH T3

SEE IF YOU RFEY THE 3AME RESULTS WE DO, THE FOLLQWING
RIYNNING ,NOC SHOLLD KE RFAN IN COHUIUNECTION WITH THIS,

4Y RUNNING N2T  em NEICRIBES CEMERALLY WHET YU WANT TO DN WITH TWF
VARTIOUS PARTS OF THE MTP SYSTEM FROM AN OVERALL
ALGARTITHMTILE VIFWPOINT, ANP OESCRIRES THE
SYGNIFICANT CPTICNS AVAILABLE IN THE PRCGRAVMS,
1T WILL BE USEFUL TC READ CHECKOUT,DOC WITH THIS,

PRAR PRV PO TR R P R AR RN A AN CE L PR VA G A RA R R KR O AR R AR A RRRARACO RN AR AN RS RA AN AR PR NAEN
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D ERIM

THTOINATVINUAL PADGRAMS ARE:

€y Mg == MAIN MENYU AND ORIVER PROGRAM MODIFIED FOR ERIM
) LSCaAT? e« NEW SCATTERPLAT AND REGRESSICN PROGRAM

T) EAPDY w= NEA PROGNAM TO CALCULATE MODIFIED NEPTH IMAGE
4) FERROR == NEW PRUSRAM TO CALCULATE ERRO® PROPAGATION

€) DEPTH == MODIFIED NIPS SINGLETIME DEPTH ALGORITWM TO

PUT OUT INFNFMATION NEENED MY ERIM MTP PRInpiMg
(VIa MCOIFIED K0P AND IMDEEP SURRCUTINES, 5,v,)

IS AL o= MODIFIED KOP WNOYN DEPTH POINT SURRAUTING €AR DEPTH
Ty [MOEER == MOQIFTEN IMNDFEP DEPTH IMAGE GENERATION SUBROUTINE FOR DEPTH
ay =991y o= NEW INTETRFACE YO ALLOW USING NRIGINAL DIPS ®OLVEON

DRFINITION SDUTINES FOOM E0QM MYS MENL FOR SCUNVENIZNCE

Sy ETMOTH oo NEW O INTERFACE YO ALLOW USING ORIGTAAL Q123 S§~n3Twins
FPITINES FRGY ERIM MIB woNy POAR COANVENIENS

1C) AREA e~ DIP3 POLYSQON SURROUTINE wITM ERRCA FIXEC FOR ERCATT

TTHES EYISTING ROUTINES RENSED RY TNE FRIM MTP MENY FOR CONVENIFNT 4CCESS

s ,..-;,3,.‘.‘57:

$1% TINTrA e~ TASK T2 LOAD IMATES INTD COVMTAL IMIGE 2L NEs

12 DOTTTA °= TASC TC CYCLE CCOMTAL INMPZE PLINES FOS YIELIuR

t3Y CAYTTA e TASN TG PEITNGM WMIATELLANETUR TVAST fTETTrae

(TICH 35 AIGING Twl IVALIE, 9% FItiT %),

Y WTETTy o= TATH YO PISTIAQLM 4K fuanE,

THE BINREAM SNURCE CAJE FOR AL Ngd ERIM PRIRRAYMS, &N THE SECTIONS OF
TITS PRNNIn MARTIFIFN FMR €31 AT, ARE CELERALLY FEASIVARLY TROELIGRLY O .ENTED
LAt VTN ING TN T (UNQIKE vt ar 3803 ~esy SETLEREN, LT, T
PINUTTL NN 1522 INALY ATF INYENARND v

D RE AR SZLFMESTITTIVT 45 STS3IALF
’

{LTLL D2A050 0 AN LORSTETENT WITH NS USAGE ANO STyL%,
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TN APDTITION TN TWE OvTRall DOCUMENTATION FILES REFERENCED AROVE, THIS
CISSEMICRTINN YAFS SWOULN TACLUNDE THE POLLZWING FILES,

FIST, FQI THE 29TV BUGGRAME AND ERIM.MCNIFIED DIPS PR05RAMSI

poNT@AM FILE EYTENSINANS INCLUNFED (1JSUAL MEANINGS)

. LA X X T X LEX DR AL AL AL L LA ERLLELLZ Y YIREELLEL YL XX L XX ]
-, 1y »2 FTIN JFup s TKA .CRJ W8T
: 2) ESCATY LFTIN Fue ZTXB «N3J 8T
3y LoDy TN JFuP L TH8 JC3 «LST
" Y ER000R JFIN JFUP L1178 JCRYJ LLST
~ gy LRy LETN JFUuP . TXA PRl LS5T
- AY FRATTM TN JFuF «T%B 2094 WL3T
- 7)Y DERTS(NYe L FTN . T¥B SN8J oLST

-‘ (1] .OnL

. £y «dn JFTN Fav LB oLSY
7y T cERS HTN FUP 000 WLST
Py tEey =T .07 JLST

v TERTWT Y ETN TS a*twehﬁfﬁ FQOM THE CQIGINAL NITS DERPTH FTN, IT 1S INCLUMNED KWERE
TON SAVBELETE v 88 SINFE LT TS5 NECTSSARY FCR RELTASKBUILNING NEPTH T2 TNCLUDE

TeZ EDT4eMATETED SUAKOUTINES KNP AND IMOFEP FALLOWING, IT 1§ SYOREN In

. E1LF MAME "DEOTHOLD ,FTN" AS A REMINOFR QF THIS,

, F37 IveTaLLING:

NTTLOL OV ew (A% MENTTIONED ARQVE 7O OINITTIALLY 53T UP ERIM SRTETAERTY,

70.
JYSTTC, 1, 2,040 ee ERIM MDIAIFIED STANDAPD LIPS COMMAND FILTS TC INSTALL TAas«s
EY CTT0,1,2,0%0 e ERIV MARIFIRS STANIARD D1P3 COMMAND FTLES TG PEMJIVE TaSKS
4) THA5E CMD e= ERQIM MOOIFIFN STANDARD NDIPS COMMANT FILF TC STAFY yUP LIPS
€Y ERIM, LMD == COMYEND FILE 70 DO DALY TE BRIM PART OF 577¢,C¥D

T3 ORTA, R T, TR ee PAMAVE TUAGES, RAMD 4, AT 3 TIVES SRENIETERET NTRTW TVAGTS)
) 0MAI2TL IS ee ETGCLLY WETGRTFD) AVERARE “F aZ2uE § "eaTw TwaneR,

AS TINLTLTER v EAPBLY aND USED A8 A RLFESENTE

TNEoT TS 2RO TY
t ~
4 TEvT oTw TIT,

- SANCE ORI NI ~- TEPLYING D a3nyT paan . 23
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D ERIN

INSTALL,RAGC AuKM ERIM NOV, 1982

NACHMENTY OSLLEDIIRES FOR INSTALLING ERIM MULTIeTEMPCRAL PROCESSING

NIPTM ANALYSTS SOFTKAPE ON THE PDP 11745 AT DMA,

THT FRIM MTP NEPTH ANALYSIS SOFTWARE CAN SE INSTALLED ON DMA®*S 11/4%

RY NOING THE FOLLOWINS STEPS!

13 MTI>wELLD 37,2/E91M

2i
3

4

5)

&)

7y

24

105G AN 137,21 [THE UIC USED FOR THE ERIM SOFTWARE)

MIAFIP 4, ele/NE

fLZa% NSE ANY FIIF8 LEFT FROM THE FREVIOUS USE

ME2>MINT MTRLINMA

MYUNT THE ERIM DISSEMINATION TAPE (NOTING VOLUME LABELeDMA) 821 BPIJ AND
AL OCY5T2E B8S31512,, THE CEFAULY ON THE 11735, FOR EASIEST COMPATIBILITY),
MIQ>CIP avT2lle,ala,nls

£OPY IN A COMPLETE SET nF NEW SCFTWARE, COMMAND FILES, DOCUMENTATICN,
ANR TZ&T NATA FrOM THE TAPE,

MCRTINSTALL ,,OHMD

116% THE O INSTALL COMMAND FILE TO AUTOMATICALLY COMPILE AND TAS/AAUILD

ALL NEW ANO MANIFTIED PROGRAMS,

MER»2YE

MCR>FLLOD 3,2

LOG 0N THE PRIVILEGEN MASTER UIC TO COPY SOME STARTUP COMMAND FILESS
MEIFOT0 YNV LYY, 2)8TTO,CMD,8TTL,STT2,ETTC,ETTL, TT2, IMASE

CCEY TN A NEW VERSTON OF THE DIPS COMMAND FILES TO INSTALL OR 2EMIVE
aLL THZ ORIGINEL DIPS, ERIM MOQIFIZD, AND NE4 ZRIM TASKS,

MERMETIMAGE

FINALLY, INITTALIZE DIPS WITH THE NEW ERIY TASKS IN THE USUAL wAY,
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TAE TN NTNG NICCHRSINAN TN RTMTILAR TN YHF COMUENTS AND
SELFan s M TATIAN IN TWF INSTA_L,CMD FILE, QJ,v,

THE TNRTALL CMY SILE INSTALLS ALL SRIM MULTI-TEMPORAL PROCESSING PROGRAMS,
THUYC SO TWARF 1S ASSUMEN YO RE PUT ON 30,2, WHWICH SHWOLND BF CLEANED OFF
FIPAf_ o THRN LAR 3N T34,21 aND NC “YCa»eNSTal,
CA FT. mTMMANYG BT ES WL HAVE TC RE CQPTED TO 12,2) SURSESUFRNTLV),

TYOTS ASSIUER THAT IY,D2) KR HC, LR, SYST ING, PMCTM_INT, AND THE §Y3T 0R)
RESIAENT £NMuDL, JWTLE [1272,107%1 HAS TCSLI3,0LB (NONE SUPPLIFN IN THE FRIM TAPE),

SIHNAF FYFRYTHING HMAD TA AE AN CN TRE ONE 11T £132,2) AT FRTM, THE INSTALL

sAMMaNA BT SR s FUD ANTD ¢ TK? FILES ADLD NOT /T TTITRN, Y 4§ PreRiaLE
TeTeEoAE etz a2 EATTING EQSDNS LONYTITING FTR OINSTALLATION SN THT DUA 11747,
TORTTT T IN RECESNATINS FILES N OTRES JICPS, 1 APHEGLOGTIT FIR ANy
IVAONYNESLTINGES TUI3 MAY (ASE,

#,TR] AN & L3T FILES ARZ INCLUDED ON THE ERTIM TAPE, RU'T IT 13 AFSY, 7O
YL WAVE A COMOLETE ZOMP TIRLE SYSTEM, TN RPEGENERATE TYEM FROImM FOITIAN
ANP THE w4 02, e THKAR COMMAND FILIS A% TS DONF IN TSI OINSTALL,CVY FIUF,

FUTITOLY UTe PRIV TASHI TNITALLEY AFER
1) ENCATT ee SCATTEIDLIT OANDN SFEGECSSION
Py OLAPDLY we CO¥EUTE YULTITEMREDHALLY ADJUSTED NOW DEPTH IVAGE
(LS80 USEFJL TO 58T &N AVEQAGE AOF YP 70 S DZATH IMAGES)
%) FERROR ee CULCULATE ERRODR PROPAGATION
“TRTETES NIPS FOUTTNIE A3T:
RN e MAIN TN DOSOZAW MAGIFIRD T3 ADT Totiw WSy
TEEYIH e TRTNTNAL NITE SIGNOLLSTIVG DTOTH A SUITTMM, (TTH
KR VN BT DT TY ANDY TURETA INTRTe TvanT
CENIRATIONY MINIFYe™ T2 PRJIVINEG o0TrT
FRIV PRUBRAMSG
STYE D128 ROUTINES ARE REUSFN H2IF ¢ NI TONVENIENCE V1a NEW ERIM INTEREATZS§Y
:]

LAY
L -

v

..

Feu

(24

£) EANATH ee NTJ IATEREATE TO CALL EXISTING S¥0TTNTNG 27 TINIS
TYOFTCLY ae M INTERS T OSALL EYISTING OTYNnN DITICITION
ANTOFTUANLLY STVE ARTOTN A NIRS Tagd 3TORECTEN L ITHOYT IRAETIANG

LY €

AY DTOUTA em oTATT sieooT
81 NTITTS aa Z¥TLINS 1
1Y) SAVTTA ee IMAGF

11) HISTTL «~e MISTCG

LR o TavTeL

VATL PILANIS FfR SI3PLAY

ALZII ATIONS (E.5, AGDING Twl IVMAGESR)
AM [HaseS,

)

-
N
.~ R R R R R R R RN L R A R R A RS R X R R R AL R AR ST A R A R EE R E S EEE XS R 2 & Il X 3

SURRAUTIAY S K0P AND IMAEEP TN THE ORIGINAL NIPS DEPTN TASK MUST BE
MOALFIFN,  CNvMAND FILES XDP _FaP, [“NDEEP F4P AND NERPTH TKB (ONLY:) ARE
INCLURED (XpP ,€4P AND TMNEEPR F42 INVOKE NEPTH, TKB FCR QEBUGGING XDP ANN INMDEEPY,
ALSD FRR COMPLFTENRSS THFE 2RIGINAL NIPS NERTH FTN (A8 "DEPTHROLD,FTN") &ND
MBTCHMING NERTY N&J AND DFPTH LSGT ARF INCLUNED ON THE ERIM TAPE, WOWEVER IT
WOULD RE SAFEST YO USE TWE CRIGINAL NIPS DFEPTH FROM [3,2) IN CASE IT WAS ANY REVISIONS

FINALLY, YOU YAY WANT TQ PUT KOP,08J, IMBEFS ,08J, AND AREA,08J IN TWE MASTER
LIARARYY,2)=C,0LB CONSISTENT WITH FRIDR DIPS USE (AND SUBSEGUENTLY USE
[3,2108PTH FaP AND DEPTH _ TKA NOQMALLYY,

1F YOU WISW TO PUT AL, ERIM PRAGRAMS UNVDER ([3,2) ALONG WITKR THE NRIGINAL
NIPS PPNGRAMS, THMERE PRORAALY WILL RE NI PRORLEMS, JUST CHECX FOR EYPLICIT
REFERENCFES TR TWE UIIC 132,21, I INTENTIONALLY LEFT THEM IN FOR YWF STT2,1,2
AND IMAGE COMMANND FILES AND MODTYFIED (32,2)DEPTH, TR PILES, AND May WAVE
OVERLCOKED 3NvE ELSEANMERE,
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132,21 INSTALL (04D OHY ERIM vy, 1982

THIS EILE INSTALLS ALL FRIM MULT]eTEMPNRAL PROCERSING PINGRAMS,
THT3 CSAFTWARE 1S ASSUMED YD RE PUT ON 137,2), WYICH SAOULD AE CLFANEN NFF
$TAST,  THEN NG ON [37,2] AND DO MCR»8INSTALL,

(A FFv COMMAND FILES WILL HWAVE TN AE CAPTED YO (3,2) SUBSENUENTLY),

TT Y AS§SMEN THAT 1T, Q) HAS N DL, SYSTING, PMEOM_INC, AND THE SYST, 0RJ
TESINENT mnuunh, WHILE 120,123 HaR TCSLISLOLR (NCNE SUPPLIE., v THT EQIM TARE),

STNRE FVFEyTHING AN T 3F RN ON THS ONT UIC ([32,2) AT ERIM, TNIS INSTALL
TO¥ANN FTIE PLUS «,FUP ANN « TXB FILES COULD NOT BE TESTEN, IV 1§ POSSIALE
TUFDF LEE 30ME MINCR ENITING EIRORS CONVERTING FOR INSTALLATION ON TWE OMA 14745,
TAATYCLATI Y TN REFEAENCING FILFES CN OTWIR UIC*S, 1 APPOLOGIZE FOR ANY
TRCONVENTENCER THTS waAY CaUSE,

A YN AN e, 1ST FTYLES ARE INSLUNFN ON THE ERIM TAPE, BUY IT TS SEST, TN INGURE
TMAT ¥VN) mAVE A CCUTLETE CAYOATIALE YYSTEY, TO REGINFRATE THEM FGIM FLSTREAN
GOUREF LORS AND THE o F4P 44D o, TYR COMMAND FILFS AS IS DONE IN TWIS FILE,

4B FMLLNWING WA PQESIIMARLY ALREANY RFEN DONE NR YOU WOULON®T BF USING THIS FILER
! IR, A/5R]IM

MT2IDvA

AR Xiao

R R PED R Y X

AL TMN

>0 e

a9y <3
-
v

B T TE e te ma S Cw e W TS wm e % W e %e s e Wy W W e W

-4 o B 4

e -

B

SULIITINER KNP gNN TMOEEP IV THE ARIGINAL NIPS DEPTH TASK MUST A SO BE
MIYIETEN,  COMMAND FYLES KNP FaP, IMNIEP FUP AND DEPTH TKR (ONLY|) ARE

TUSLUAED (Y0 €qP a%N TMREED FUP INVO-LE OEPTH,TK] FOP DEJUSSING XOP ANN TMDEEP),
ALTG 57T cMMPLETENESS TWE NRLGTINVEL DIPS NEPTH, FTN (A8 "IEPTHDLD,FTN") AND
YATL-ING ~EITw A aNO NEPTH L ST aRE INCLUDEN ON THE ERIM TAPZ, WIKFVER 1Y

1 5L 0 PE RAFFST YN Sk THE NRIGINAL DIPS DEPTH FROM (3,218

Fuo NeoTH, NEITH/eSPe(3,2)NEPTH

Fud xNpP , «ND/aSPgKIP

EeD (MPSEP  [YNFEP /e3P 8 IMNEEP

t

P COMPTILE AND TasxXaUILD ALl PROGRAMS WRITTEN AND MODIFIED WY ERIM

H

avi) g FeP Ix NTPS MATN MENU ROUTINE MODIFIED

A3 ITm  FUP le DTPS SMOOTHING MEN!) RENSED

Aruenty T40 le DTAS PCLYGNN DEFINITION ROUTINES REUSED

Fu2 £364,A%EA/8PRARFA e THMI® FCOLSROOFED 4RTA TS NEEDED 8y ESCATT,TuB
azc=ayr Foo e NE+# LRIM SLATTEQPLOT AND REGRESSION RONUTINE

e AV Y T 4P e NFWw EFIM ROUTINE TG APPLY aNJ'ISTMENY YO (AVFRAGEN) DEPTH IMAGES
arsuanD F4ap e NEW ERIM ROUTINE TO CALCULATE ERROR PRCPAGATINN
H

]

]

:

AnERTa, TR te PINALLY TASKBUILD TWE ORIGINAL OIPS OEPTH WITH NEW ERIM K0P, IMNEEP
t

1NN, ERARATNT AN 1T,2Y, 0Nt

TP {3,2) /NVElYa 215TTA,C),8TTY,STT2,ETT?,ETTY,ETT2, IMAGE

! AND 11R€ 4§ PREVIQUSLY,

!

t FTNALLY, YAl MaY WANT YA OUT XNP _0WJ, IMNEEP _ORJ, AND AREA,08J IN THE “aASTER

1 1 TRRa9V X, O1ue AR CNNSISTELT WITH PRIOR OIRS USE (AND SUBSENUENTLY USF

P, PN REDY FIP, NEPTH T NORMALLY),
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TVERVIZW,NOC RWM ERIM NOV, 1682
SER PEANMEISTY NOC BEFORE USING THIS DOCUMENTATION FILE,

THTIS NyeVISe ,NOC DOCUMENTATION FILE 18 INTENDED TO PROVIDE A RRNAD
TV RVIE. OF THZ FRIM MYP M| TI-TEMPORAL PRICESSING DEPTH ANALYSIS PROGRAMS,
FLUOMTIE ONTYALILS COANSEUL T DFAQVELST DAC AS A& DIRECTORY TH THE REMAINING COCUMENTATION,
LN RUNNTNG D0C FOR OVFRALL IN3TRUCTIONS ON HOW TQ PROCERD USING THE ERIM SOFTWARE,

L AR R R AR A A R A N A N R R A A R e R L N R Y R S R R 2 AR 2222222}

TATINE Y MEW EQIM TAGKS3 INSTALLED ARE:
1 FSCATT e STATYZRPLAT ANC REGRESSION
2) HA9PLY ee CAMEUTE MULTI-TEPORALLY ADJUSTEN NEW REPTH IMAGE
CALSTO USEFUL TO 55T AN AVERAGE QF UP T3 5§ CEPTW IMAGES)
3) FEPRCY ee CAILCJULATE EORNR PROPAGATICN
MODIFIFEN DIPS ROUTINFS AVE:
¢y “u2 we MAIN MENY PROGRAM, MODIFIED TO ADRD ERIM MENUY
) NEPTH ee NRIGINAL DIPS SINALE-TIME OFPTH ALGORITHM, WITH
¥AD (KNOAN DETTW DOINTY) AND IMOEES (NFOTH IMAGE
CENZOATIONG MANRLIFIEN TN PRJVINE NUTRLYS FaR
EIIM PROGRAVE
SOME DTPS ROUTINES ARE REUSED HFRE FOR CONVINIENLE vIA NEW ERIM INTENFACESH
&) ESMCTR ee NEw INTERFACE TO CALL EXISTINA SMIQTHING ROUTINES
7Y FPOLY e NFe INTERFACE TC CALL FYIRATINAG POLUYTIV NEFINITIAN
AND FINALLY S0ME SRIATNAL NISS TANKS T5ULL TE =ry)
RY "1TTTA ee {2015 I
9% DITTTA .- LYOLING :
§7) RAYTTA ee IMAGY (CAICULATY
11) HMISTTA ew WISTIRZAM INMMGE

RLAY
ING TwQ IvaGLs)
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THE FIRSYT NFW SOUTINE 18 "MUJ, " THE INTTIALLY RUN ROUTINE WHICH DISPLAVS
THE MATN MENNS . TT IS INENTICAL TO THE NRIGINAL DIPS "MUJ" WITH YWE AnDITION OF
ANTTAED SUARMENY FNR THE FRIM MTHMTPY MULTI-TEMPORAL PROCFSSING NFEPTH ANALYSIS
(NAIMIREE 42, JURT AFTER TWE OFIGINAL DIPS QFPTH ANALYSTS IN THE MAIN MENL),

AEFORE yQy BIF REANY TO NN THE ERIYM MULTYI-TEMFORAL CEPTH aANALYSIS, IT IS
NETEFRSARY TO NN aLlL THMAGS WARFINMG AND REGISTRATION, TRUE DEPTH CALCLULATIONS,
NECINITION OF POLYSRANS, AN ALy OTHED NESINED ANALVYSIS THROUGH THE NRIGINAL
D178 SINALE=TIMF DEPTH ANALYSIS FOR EACH OF THE IMAGE DATES 7O BRE USED AS
TNPUT FOR ThE ML TT-TEMDIQAL OEPTH ANALYSIS, THE NEwW ERIM SOFTWARE IS NOT
TNVOLVEDND HWERE, EXCFOT FOQ TWNH MORIFICATINNG TN SURSDUTINES UNNER THE NIFS DEPTH
CRALRAM YO ALL"2 PUTTING NUT INFOTMATION NEENEN FNR TWHE FRTM P2AGRAMS:
1Y (TRYIQVALLYY, IN «OP, THE KNAYN DTPTH RJUTINE, PUT CUT THE TRUC
LFRTY SNINTS TN 4 PSRUNNeTMARS THLT CAN RE IANSUT YO THE ERIW SSCATT
SCATIERDL DY AND RFGQESSION ROUTINE, 1F COMPARISONS TO TRUE DEPTH
WYLL 8€ WJANTEN |ATER, &ND

2) (ANDATARY FGR MTP PRACESSINGY, IN TMDEEP, THE ROUTINE WHICH NORVALLY
RENGRATES & SINALESTIME CEPTM DUSPLAY ON THE COMTAL, ALSD PUT DUT AN
TUARE FILE RINTAINING THE TRUE SINGLE=TIME NERTHMS NFEREN AS INPUT FOR
Tom MOLTIeTEVECHEL CALCULATIANS, TG FAR GREATER PRECISION THAN TWE
NTRMLL OAIRTI AV CNARMALLY L METERS, BUT CAN BE SPERTIFIED ¥ USERY,
T=18 JuTAUT FILE CAN RE SKIPPED IF NO MYP PRQOCESSING 15 TATANREN,

THE T<M MI5Y TMPORTANT NEW ROUTINES POR THE ERIM MULTITEMPORAL DEPTH
PRACESSING AP*
1) FSCA®, WHICH PRINTS SCATTERPLOTS AND CALCHLATES RFGRFSSICANS BRETVEERN
PIFFFZINT SINGLETIVE NEPTH IMAGES, (R AVERARE, QR EFFRENTE IMAGES,
T THE NEATHSY  NCRIMALLY FQR PALYRONS OF SELECTE" ROTTAM REFLFCTANCE
TYPES, AR QPTIINALLY AFTLTEN WHOLE IMAGES A8 A FINAL CHECK QOF THE
PeSYLTS,
P) R&PPLyY, WHICH APPLIES THE REGRAESSION CNEFFICIENTS, SELFCTED AS A
CESULT NF PSING ESCATY, TO SOME COMRINATION AF THE INRIVIDUAL
STNRLETIME DERTH TMAGES TD GEYT AN TMPROVED NEPTH IMARE, ANY ARRITARY
WwETRSTen BVESARE OF SINGLR=TIVE IMAGES CaN RE USED AS THE INPIT,

0 “4PTL Y ALST PINVINSS 4 CONVENTENT WAY TO 22TaIN & PURE AVERAGTD IMARE
L {8 STIAILHT BYESART OF SEVETAL SINGLETIME DESTW [VAGES) TI USE 4AS

. NNe 0OF THE PUSSIRLE PEFIZENCES FOR ESCATY,

i EEQRND 1§ LNOTHME® NEW OALUTINE WHICH MERELY CALCULATES TME RESULTANY

. PONOLARATFN FIRNGS WHICH RESULT FONM APPLYING Twr REGRESSION TRANSFDORMATIONS

T2 USSISPEZIICTIEN ERINPS IN THE ASSUYED PARAMEITLRS (K AND QKD)Y,

QAME M rES FEXIATINAG DIPS POCSAMA AQE AL SC QUPPLIER IN TWE €RfM MT2
X MITNLD FTER OCONYONTRNGE JUST RECAISE THEY APE [ IKELY TQ HE FRIQUENTLY USED IN
T PONTUNSTION W(1TM TWE MyLTIeTEMEORAL STAGE OF THE PRCOCESSING, TWC ARE TALLFN RY
NEW O ERTMOINTERFACE MENIL PROGRAVS, THOUGH BASICALLY UNMODIFIED DIFS ROUTINES:
1} ESMOTH e SYONTWING RAUTINES TO SMOOTH ANY (S512Y512) DEPYM IMARE
PEFAPT 1SF IN ESCATY AND FAPPLY (PARTICM ARLY RECCMVENDED
IF USTINN ESHATT TN CRMDARE A JFRTW IYAGS T0 TRUE NEPTH

PAINTSY
Y OFTNLY me  TNOOECTINEG ARDTTICNAL POLYRONS OF KNNWN AQTTOM REF(ECTANCE
TYPES,
. AND FOI® EXISTING LIPS ROGTINES COULD 9K CALLED A% I8 WITHAYT & NTw INTERFACF:
) NTNTTE ee [AANTNG TYAGES INTO THE TWREE C3MTAl IMAGE PLANES FOS DISPLAY
10 NTTTTA we SELESTING WSICH [MANE GLANE TT DTRTL AV
TUOMIVTTA ee PESTACMTAR MTADTOLRCIT S AETEATIONT (ANTTUG, RTALTCR, T, oL,
CHOTMAATA (T LT OLURT BLTILY OTC ORNT A GE{ATUT 4eTSaE ¥
HEER R
) 2 PTE ew b, 0 NTIMS pHTATIORLYG QL TUAAES,
A3

T W T TR
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THECKTUIY N KWW ERIM NOV, 1982
SEF README(ST NN SECI?FE USING THIS DOCUVENTATION PILE,

THAIS CHECKOUT,NOL NNCUMENTATION FIL® CTSCRIBES SCME SAMPLE NDATA ANOD
UTYPUT FRCH TWMFE ERTM P2OGRAMS WHICH CAN BE COMPARED wlTW RESU. TS CRTAINED AT
s IO VERTIEY YAUR TNSTALLATICN AND RUNVING PRCCEDURES, INCLUNER 9% TWIS TARE
395 SOME INPUIT [MAGES, POALYGONS, AND SAMPLE OUTPUTS FRCM THE ERI™ PRCCQAMS
VETOR VO CaN QOVIARE WITH YOUR] RESYLTA,

ARE SINRLETIME DEATM IVARES,

)
REa,

FOUR FTILES DMat JTMR THIOUARH NMAyY, IV
© A

SIFTFEED T 404 OTHER, FRTM THE 8IMINT

o

FILE DMaavi23d,Ivs 19 aN UNWEIGKTERD STRAIGKRT AVERASE CF TWESE FOUR
SINALT@TINE TMAGES, 1T wAS CRTAINED BY RUNNIAG THE YAPPLY PROGIAM (via THE EQIM
MTP OMENG SELECTINN FOR AP2Lv), IN PUNNING EAPPLY, a INP T IMARES JEIE RECUESTED,
ATTRRATS WTIE NEFAUTEDY (FENCE FSUALLY 4,7, 1,2,1,7,1,2, NORVALTIZLY T2 .28 EACW T2
TUMOTT L, TNESAL LY, AND GNTTY TRANSFIORMATION SpLELTED BY DEFALLY (MU TIP_TER
P LATTIIVE SoNSTaANY 2 2y, VRV ICUSLY Twa INBUT FILE NAMES F2f ESTICOER &S

L
TULULGIMS, DVAR TMG, ETC,, AND THE OUTPUT FILE NAMFE 45 OMAAVI234,IMG,

THE FI1E 3I¥BOL2,PAL 18 A DEFINITION OF POLYSONS DBTRAINED FOR THESE
IYAGET AT NMa DLPING TWE NE4N AN CCTCRER { , 1982,

THEE TR FILFS ESCATT NATIY,,, 4 ARE YHE PRAINTOUTS RESULTING FrAM
SCATY €77 THE AJERATE IMAGE DUAAVIR234,IV% AS A REFEDENCE ON T-E ve
5OFACH DF T4t FQUR OINPRIVINDUAL INPUT IMAGES DMAY,IG, ,OMAL THG IN

TUTN O CM OTHE yesXTS, NARPMALLY YT~IS APPEAQRS CN YHE LINF PRINTER, RUT 1T WwAS

SwlYOHEN TN 4 NISK FILF Ry REASSIGNING UNIT 3 (CR SEFE ESCATT,TXB ASGe. P11,

Thoavan
TLT T MaTa Sty R X
2

NELURING SATURATED VALLES FRE™ NEEP WATER [CR OANOMALIFS, TuE
C ITMITEN TO 24252 ON THE xatX1S$S (254 000D HAVE wIRXENY,

T f2TAouT N tn ) PITNTES IN THESL ZARTIONS UNDER YwF SCATTEROL TS,
NITITOTeTSEOINZ T O (VAGES wERE NEFTHePRUNESSED AT FIlVM, AlTA NT FATY_EYI AT THE
LIWEQ FNY R TAE eTa SCALE, NOWEVER, FOR IMASES GEVERATED RY THE ERTMovIDIFIEN

IMP1E? RQUTINZ INDER THEe NIPS SEPTH PRQGRAM AT Dv4, [T Wl N RE NECESSIRY TC
SATEOS R Nt mAng ) AND Y (UNNERFLOW CONEY IN NORMAL SING FeTIME PREPTH YupTfyg
(7., 7Y TRLT NE3TUS FRNY Tuf ERTVAVOQIFIEN XQP RDLTINE MER T-<E SIE% TERTH
SETUSA L, 20T 0D ALWAYS HaYE YT 3E SKXIPPID AS A ANCAUAT. CINE),

TU_vATY ATFAS PATHEQ TWAN TWE ENTIRPE IMARI FILE -9€: WERE SELLITEC,

Lo BT STVEN A THE POLYOON FILE, THE FRAMIT QUISTINN AWETMLES Al

“ESF gt TED WS ANSAEREN NO, TWEN A3 THE DEJIRE" PILVYGINS, AL BLTTCM
LCTNES IPITANTED B ESCATT) WERE INDIVIDUALLY ENTERED EYCERY "7" FIR DEE"
TAT8T AN %S, SEEN LTSTEN TN TwE CAPTIONS AT TWT RETTAV OF YT STATYVERD 773,
TRTTTY STEIRaTANSE CODES INSTEAD GF CCUNTY SvVvRTLS8 IRC O PIKEN P Y 2 FLTT

- [

THE TSAMECEALMETIAN CELOIREN FOQ SC IN TEDDV T WMATTR CACW CF TwISE
1Tt TS L RTNA FalINE EOTW IWERES OVay 1%G,,,C¥84,IME O\ THE YehX13, TO THE

AUt aATE N Jeate AulyIPta, [YE USEN 85 A REFERENEE AN THE velixIS, 78 AIVEN AT TwuE

8 TTAM AT Ty L ATTERP LY CAPTIZNS HY TWE FEGIESSIAN LINF Y w Aewaq, (AL TWD 5H
VAT RumLNy Tt TwISE SRMOLE §TATTESSLOTS woUN AY AN FARLIEQ VERSION OF THE BRSNS,
TaE ETMar BSPATT ALSD STVES THE INVEQRE QEARESSINN LINE X 8 AfeveAd, TN CaSE THE
FUEC It en TegqT 1§ BT 0N THE yalixTR) . THIS WEGRESSION FIT TS OF £IUISE DEIELTENY
ALTeT o ewmntec Mg Ty, ANS CEITFEILTLTIVINGSS JF THE EALYLICS em 1T T2 D D THE
SoowET Y T ke §URE Wb 39 [N PILYIANE COVERINA A S790UY TANST 7T VAT

L I A S e

Tur Gt TERULTS €xnany IN THE SAMIF GCATTEIPLOTS ARE TYRTZaL FLIQ Y REASCMNAALE FESLLTS,

FINAI LY, GIVFA 4 SATIAFACTCRY TRANSFOAVATINN AS ABTATNED aANVE FRMM TeE
ESCATT T 'NR, TWE EAPCI Y PRINIREY IS SN AS ARDVE, USING EITHER CANE fINGLE~TIVE
mrOTM YVASE, 3 AN (CATIANALLY WEIAVTENY AVEWAGE AF REVFIAL AR TREOINP T, AT
Tk Vzlaefau TLALAEtLVLTIAY JELFCTENY Fuwnu THE RE§T SCATTEIF_AYTS, TL FENTLAYE TwWE
PUSIAYTS ZLTOUT NEDTN TMAnE . CINCE 8 SATISFAITSAY CWTIZE OF CSRANIFORMATION IS
A §AVE FYTEAT NERENTENT AN THF CEFRATNICS SELFIYIAN, NI PARTICULAR SAvPLE 18
THZLUNFED HER:

LU FTRTME, 4N TWAT WE VERTFTES THF REASCNARLECESS OF THE NQANKFORMATIONY,



T

ERIM

RICERC AT A S Al e e Jer) A M=t it i Tt o St et i, Pkt e PRt S i

DUUNNINAG,

MAa T MDETTATSY g

A0 UNM ERTM NAY. 1982
SEE REANMELET NOC IEFNRE USING TH1S DOCUMENTATION FILE,

THIS CMNING,NOC DOCUMENTATICN IS INTEANDNED TO DESCRIAE IN QUERALL NETAIL
7 FBAZEEN TN USE TWE ERIM TMTEN VU T[.TEMSCRAL PROLESSING

STATA ANALYTTR QTTTLARE AR AN INTETRAL PART NF NM3MS NT38 LATER "EPYW PRIIESSING
TN MMATS PR2 Ly/gS CNMSLTED SefILITY,  THIS PESUTAES AN INTESHATEN USE CF TwE
SIIGINAL NIBT PRACIESSING THRAUSH CIMPLETE SINGLEWTI4E CEPTH I44GT3, FCLLZAED BY

1eT g

WE)_2E

THE NG4 FE[v SNTTLARE, wWEN PUNNING THE SECOND ERIM PARY, IT MaY BE
TCR THF SUANFL T CONSYLT THE SAURLES NESCRIREN IN THE MEHMECKIUT DACH

TOFOVENTATION, ANTD FOR MORE NETAIL THAN CAN BE PRCVINED WERE THE INOIVIDUSL
FomoRaMy SHCULY RE CONSULTED,

THE TIPSY STAGES OF THE PIACESSING REZUIRE UUSE OF THE 0QRIGINAL O1°§

STFTALRE IN TRE UISGAL WAY,

TT TS BSSUMEN TWAT THERE APE G0N PROCESYARLE IMAGES COLLECTED FAR TwO
MATES BYER THF SAME AREL FOR TWE ERIM MULTISTEMPORAL PROCESSING TQ SE
IT I3 “av3aT0IY THAT T4F3T THMAGES AE SPATIALLY IESISTEREL TS5 FACW OTHER,

TOMAY NTRMALL Y 39 PREFEITEN TA BN THIS BY REIISTERING ANS 4a23INA TACW TO

T BAMT STANTA2T MR SIZTRIINATE SYSTEM, THIS 78 NOT NELESSARY FOP T=E EQlM

ALRIIITHY PES SE

AFTED DERICTRATION AN SELECTION OF MATCMING AREA S12XS12 SUNIVASES,
THE NODUAL NTPE GINSICLTINE MEITW ARACCESSING SMTULN BE COAMI_ETED TWIT_ S ZATAINVING
TeT NEOYM [MANTS,  THN DK THQE€ DIFFEUENCEI SHTULN A8 NQTED <EIE IF TMTS STAGE IS
TN ORAE FN L NwF ) Ay THE ERIY VI T1eTTVRTRAL ORNIFS3IING,

T ENT

Twr M

CEE TR
TNt
LORRAE/

ALY
¢ v

1) 1F 1T MI3WT BE NESIIEN TO CAVPADIEZ ANY CF THE DEOTH IwMaGES, ALFI2E 09
AFTER 220TTTONAL Y ILTTTENPORAL PRACESSTNG, TO YRUE NEPTWI IN THE
E2tM ESCATT SCAYTERP AT PROGRAM, THEN NURING TWE TRUE DEPTH PRICESSING
YWwE DFEGATND CWNILD KESJFYT WRITING THE TRUE DEPTHS IN Y-8 KNEW EQIM
PSOT INT YLt anF FILE FIUAT

2y AEN SFLECTING BTLYASN aWTAS, TWF JPERATCD SNTULD KIEP IN MINT THMAT
ME ONTL A% LANTIVA QEAGESINTATIVE UlTTIM TYIER AND NERTSY JVEQ AL A1DE
A TANAE 6 MEPTAS 88 WI CAM FELTATLY IVENTIFY, IN C3F0E2 Y3 SIT SCCC
§Tas £, STANIFTZANT RASUL TS FRTY TwE SUESEJUENT SCATTERPLCTS anT

crsz'sa?qw CALZULATIING,
3 AN FINALLY, A=EN CALCHIATING TWE DEPTY I¥AGE, THE NPERATCR Mu8Y NOY
Ch.. Y NISOLAY T 2N THE CZMTAL, 8UT ALSD RESUESY TVE \E. uB28 PRITISE

NERTW TMaiaE DUTOUY STLE . 4ISE TeEIF 7€ AUSY 4 CATIIC OF SIANTEIfane

TESLITINA TT 0 METER IF0 STONT feENAT F:t:jl\! L “AY'“K“ R
25,8 “F¥Z35%, 1F G:gAf_9 DTITNG ART RESUIRAED THE 0PEPATRE S-7 LD
QlTY FERWaPS 3 VETIF oUNT {1Y MIGMY RE PRIFERARLE T2 (37 T<£ SavE
BRI oL 0EPTM TMAGES Tﬁ AVOIN FUTUIZ CONFJSION INTERUIXING TrEM),

AFTES TWE SINRLE-TIME DFATW IMAGES ARE CRTAINFY, THE “PERATOR 1§ LEanY
TP OTHE @IV ML TTLTEMPASAL ONIZESSING VILU, TYESE ARE Tal «Ev §7EPS 7O

TTeTEMTTI4 L b- T2 SSINA TR JATAIN AN IMPQJVED NHATe IvALE, FIAFT T 7T RN
YA AN &e a0 NS AN® pT2T3SI0N CALCLLATIONS TF TWE TNV, 3IMT_EATIVE

TVALER VEST R §7we EFIFATL® STANJAGT CR REFERCANCF, REZTIIITING T-t DATA
QAN APEAS STLECYEN YO REORESENT 4 VARIFTY 2F RITICM REFLEITANCE Tv2es

v 3
3745, TeE 0ERATNR THEN EYAMINES TWE SCATTERDUATS, BECINES Wfa T SEJECT
LUATMS TP GTiA 9aTA VALMES THATY SFEM TR RE UnFAJRLY RIASING THT QES__ TS,
TUNE TetT €TER 2% NETESSSYY,  In0: §4TISEIF) wgQE, THE SEIANN STER T8 4

HeeTIGorT o wrsuanlt§ 00 L INA THE 48D v 99°5%a% TN EAC- INTTVINU L 14T
STTCE SUZTa 4wa5T 7B AUSIANT £F TaEvYy L%Te TOE QT EITII OTESIICAIIN

THUATION TR Me/E TMEM USRI S A§TLY MATIm Tei 3ECFIENCE,

~ ATT i May MEIE WANT TO CONSULT THE “RUNNING BOCT OICUMENTATION FILE
VPILE 2.8 TT ATS7USSES,

4 wTTNEN TR TIAL §TRE RTTCRE RUNVTING TRE MTATITRD AT a4 % TTASHRRTA
YOEAZATT TR Th T3 h FUTTATLE SIRESENTE 1uwinf . TR 2N BT OTen owERT
TSI 8T _TeTTUT TMAME L 4 f.TTORTIN SD L E2ARTENY AVIRETE 2T F ome
VoA, TMARTE, 25 PGRRITLY TR € o 9'4 22 x--s EANCTTET IN AN BRI (RSEUTY
€1 I\ Tuf DRIST A19Y «nD (s:&\ SERTH FPAINT 2UTINE UANNER TNT DIFS JzZATHW,

Boeelhormniressncdcooncdh,
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THEN THE EQIM MULTI«TEMPORAL PROCESSING PROGTAM ESCATT IS RUN, VIA THE
SCATYERPI QT FMNICE ON THE ERIM MTP MENU, EACH INOIVIOUAL SINGLEeYIME REPTY IMAGE
SHAULD RFE QN VEARSHS THE QEFERENCE, USING ALL POLYGONS FELY 7O BE RELIARLE AND
RELEVANT OVER A G1AN2LY SELECTINN NF ROTYOM TYPES AND DFPTHS (FYCEPT "DEEP WATER"
AND NRELUTARILE NR NONUNTFARM NEPTH POLYGONS), THE PRINTED SCATTERPLOTS 3WMOULP BE
FYAMINFN FNR NEVTIANT PNLYGAN ARFAS (17 WILL BE PESIRARLFE TO REAUEST PCLYGRON AREA
ROTTNAM TYPE SyMaQl § INSTEAN OF COUNTS ON THE SCATTERPLOY TO SEE THIS), AND FOR
WIIN DATA VALUIES, OVFRFLOW (2%5S5), UNDERFLOW (1), AND LAND (@) NEPTW CODPES, IF
THE SCATTERAL QT 1S YOO CLUTTERED TN ALLAY NISTINGUISHING ALL THE INAIVIDUAL
Provagy ae=a?, THE CPECATIR CAN MAKE RUUNS JSIKG A FZw POLYGONS AT A TIVE, THEN
Two ORC2L8TNE JRCULD REPUN SELECTING OUT UNIESISAALE POLYGONS, AMD RESTRICTING THE
mAYE LT.€0 AV UPPFR ROUNDS 45 MECESSAQY, PARTICULARLY DELETING #, 1, AAD 255 CODES,
TF TOC “ANY ROALYZONS HAVF TN BF REJECTEN, AND THE RESULTING RFAIESSION FITS
SFEM UNRFALISTIN OR UNSTARLE, THE OPFRATNR CAN ATTEMRT 7O USE THE POLYARON
MEN | ENT?Y JNNER THE BERIM MULTITEMPNRAL DEPTHN PROCESSING MENU TO SELECY
ARNTTINNAL RFTITER POLYAONS,

NNE AL TEBNATIVFE WAY T D0 THIS RECRESSITCN RTEP INVOLVES USING THE TRUE
NETTWS FVTNITH OIN A IRREUNNDYSIMASE A5 THE REFERENCE, IN THIS CAS%, THE SCATTERPLOTS
ST A4S Aon DVER TWRE wWHOLE S12X%12 IMAGE ARER ANN THE [ CWER R2UNN SET TO | OR
WIHHTR AN THE TRUE NEPTA IMAGE (SINCF A NDENOTES LACK OF ANY TRUE JDEPTM DATAY, THE
NUMATR NF PIYFLS INCLUNED TN THF SCATTERPLOT WILL THEN BE LIMITEND T3 TWHOSE ENTERFD
45 TRUE NEPTH ONINTE,  IT WOULD BE ACVISARLE TN DO SOME SMOOTHING OF THE ACTUAL
FALCHLATFEN NFPTWE [MAGE TN RENUYCKE THE EFFECT CF NAISE IN THE CALCULATEN IMAGE AT
THT O PARESUMAINLY VERY SPARSFY TEUE NETTH PNINTS, THE SMOOTH ROUTINFS ARE INCLUNED
SUoYaE PRIV OVENY TO FACILTTATE THIR,

THIS REGRESSINN FIT IS NF CNURSE NFPENNENT ON THE CHOICE, QUALITY, AND
PEDRFSENTATIVENESS OF THE PNOLYGEONS o= IT IS UP TO THE QPFRATOR TO MAKE SURE
He §UPR; TES 2Nl YAONS GOVERING A GOODLY RANGE NF XNOWN BOTTOM TYPES AND DEPTHS,
AMD THAY WT YERTIFIES TWHE QEASONARLENSSS NF THE TRANSFORMATION), THE RESULTS
IRV IN THE SAMBLF SCATTERPLNTS ARS TVYPICAL FAIRLY REASIVABLE RESULTS,

A% TUE SECONN KEY STED, TIVEY 4 SATISFACTIRY TRAMSFORMATICN 4SS ORTAINED
F20% Twr £37aTT QUNS, THE EARPLY PRCAR4M 18 RN, USING SITHER OVE SINGLETIME
NTIATH IMENRE, PR OAN OPTIONALLY WFIGHYEN) AVERAGE OF SEVERAL A3 THE IN2uT, aAND
THI YetaXaed TRANSFOIVLTINN SELFCTEN FRAM THE BESYT SCATTERPLQTS, TC RINFFATE THWE
TUTRAVEN NYTRUT AR T4 IMARE

TINALLY, THE ESCATT SCATTRI2I DT/ /0EnRRERSIAN PANG2AM CAN BT RUN AGAIN ON
THAT 28R TN ML TTATEHMPARALLY NERIVEN NFPTK MANE VEZSU& A RCFEIENT, 4n~ TRE
B TR oYU ED) WITR OTHASE FOR INSIVIAGAL SINGLESTIVE DEPTW IMaft’, A4S A WAV
OF MEASHRING WNA REASONARLE THE DFRPTH CALCULATIUNS SEFM NVER THE FNTIRE TvwantT,
S R0 OTHIS, THE WHOLE IMAGRE AREL SHOULN HE USED INSTFAD OF THE SELECTEN PCLYSONS,

AIT THE | Owed AND UPPEQ B30NNDS CAN RE AESTRICTED ON EACH AXIS TO SFELECT MEANINGFUL
SraLL QW a%Nn MODERATE DFPTHS WHEWE REASONABLE RFESULTS SHOULD BE EYPFCYEN,

. 66




APPENDIX B
SOFTWARE LISTINGS

This Appendix contains FORTRAN IV listings of the two principal
programs contained in the MTP software package. These listings include
EAPPLY.FTN and ESCATT.FTN. A list of all of the MTP individual programs
is contained in Appendix A (READMELIST.NOC). Many of these programs are
modified programs from the DIPS software package. Listings of these
Tatter programs are available from the delivered MTP tape.
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