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NOTES FROM IGARSS ’90 CONCERNING MODIS LAND DATA PRODUCTS

INTRODUCTION
Presentations were made by various MODIS Science Team Members at

the 10th Annual International Geoscience & Remote Sensing Symposium
(IGARSS), May 20-24, 1990, that contained relevant information
about some of the MODIS data products. Presented here are a few
salient points derived from those presentations, and presentations
by other scientists, concerning some MODIS land data products.

ATMOSPHERIC CORRECTIONS (Land leaving radiance)
There are two general classes of atmospheric corrections that may

be applied to remotely sensed data to calculate a land leaving
radiance: they are; 1) radiative transfer models, and 2)
corrections based on “invariant[!surface targets. Presentations of
both types of atmospheric corrections were given during IGARSS ’90
and it is likely that an atmospheric corrections algorithm for
MODIS will be developed from one of these classes. A very brief
general description of each class is given below.

Radiative transfer models that model the effects of atmospheric
constituents on the transfer of radiation through the atmosphere
tend to be computationally intensive (Illarge’famount of code and
mathematical operations involved) and require input data on the
physical constituents in the atmosphere at time of image
acquisition and possibly surface spectral reflectance data, or
these input parameters are assumed for standard atmospheres.
Corrections based on llinvariantll surface features, features that
are known to have a constant spectral reflectance over time, appear
to be less computationally intensive than radiative transfer models
and may not require in situ data, but are limited in application to
images in which there is a known “invariantll feature(s) in the
image.

BIDIRECTIONAL REFLECTANCE DISTRIBUTION FUNCTION (BRDF)
Presentations on research of directional reflectance from

vegetation given at IGARSS are evidence of the value of a BRDF for
vegetation analysis in monitoring vegetation dynamics and changes.
As data is collected and information extracted from these research
efforts the BRDF product for MODIS will become more well defined;
thus the viewing geometries, sensor tilt angles, and frequency of
coverage required for constructing a BRDF from MODIS-T could be
fully specified and planned for.

DIGITAL ELEVATION MODEL (DEM)
The effects of terrain relief on MODIS-N in respect to shifts in

pixel location and the availability of DEM data were discussed by
Dr. Jan-Peter Muller. Dr. Muller concluded that his analysis has
demonstrated the importance of correcting imagery for topographic
effects and the need for a global topographic data base before
launch of EOS. The task at hand is to assemble or build this



global topographic data set; a global DEM for use with MODIS-N and
other EOS platform sensors. Currently there are DEMs available in
the public domain, and DEMs can be built from stereo-matching of
SPOT satellite images.

Open to discussion is the spatial resolution and accuracy
requirements of a DEM(s) for EOS. Requirements for the spatial
resolution and accuracy of a DEM should be driven by the data
products that will use the DEM. The science team members need to
specify the requirements (grid size, spatial resolution, accuracy)
of a DEM before a functional DEM can be assembled.
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The Global Positioning System (GPS) Master Control Station WCS).

Introduction

TheNavstarGlobalPositioningSystem(GPS)isa highlyaccurate,spacebasednavigation
systemprovidingallweather24 hour-a-dayservicetobothcivilianandmilitaryusers.The
Navstarsystemprovidesa Gaussianpositionsolutionwithfoursatellites,eachprovidingits
ephemerisandclockoffsetwithrespecttoGPS time.Currentlythereareabout12 satellites
inorbitbuildingtowarda full24 satelliteconstellation(21operationalsatellitesand3 on-
orbitspares).

The GPS MasterControlStation(MCS) systempromisesa revolutiontothoseusers,civilian
andmilitary,rquiringprecisenavigationandpositioning.GPS signalswillprovideprecise
positioningservicestoauthorizedusersof16 meterssphericalerrorprobabilityand100
meterscircularerrorprobabilitytostandardpositioningservicecustomers.

GPS is made up ofthreesegments.The spacesegmentconsistsoforbitingsatellitesand
providesL-bandsignalswithmodulateddatatotheworld. The usersegmentisthe
customerswho utilizethenavigationdata.Thecontrolsegmentcomprisesa systemofL-
bandmonitoringstations,S-bandantennasanda controlcenter(atFalconAirForceBase,
Colorado)tomonitorthe satellites health and periodically upload new navigation parameters.
The navigation payload update consists of orbital parameters, atomic frequency standard
states, and almanac data for broadcast to the user community.

A Kalman filter estimation process is used to determine, predict, and quality control each
satellite’s ephemeris and clock states.

REFERENCES

Information on GPS can be found in:

Global Positioning System. Volumes I, II, and III. Published by The Institute of
Navigation, Washington DC., 1980.

Information on the design of the MCS Kalman Filter was obtained from:

Computer Program Development Spification for the MCS Ephemeris/Clock Computer
Program: Appendix A. USAF Contract F04701-80-C-0011, Specification Number CP-
MCSEC-302C.



Contribution to EOS

The article about the GPS MCS provides valuable information for the EOS platform on:

● Accuracy of state (position ,velocity and time) of the platform.
● Kalman filter experience (filter reaction and response for anomalous clock behavior

and trajectory perturbations).
● MCS efforts to improve Kalman filtering and orbital adjust modeling.
● ‘Unhealthy’ state flag (housekeeping (momentum dumps, attitude control, velocity

control).
● Inertial transformation.
● Recommendations for future systems requiring precise ephemerides.

To obtain the orbital dynamics of the EOS platform in rd-time, some type of optimal
estimator must be used. Current technology uses a Kalman filter with a GPS receiver to
combine known spacecraft dynamics with measured pseudorange and range-rate date updates
to form an optimal estimate.

Using this s~nario, the best estimate of the EOS platform’s state (position, velocity and
time) can then be used, with the platform’s attitude determined by a star tracker, in
calculating the platforms pointing vwtor. Current star tracker technology has the ability to
provide the platform’s orientation in an inertial frame at a 10 Hz rate (cf. handout).

The information obtained by the Kalman/GPS estimator and the star tracker must be
converted into a conventional frame of reference for the calculation of the instrument
pointing vectors. The frame best suited for this application is an Earth-Centered, Earth-
Fixed (ECEF) coordinate frame of reference. This frame is convenient in that the
Kalman/GPS estimator gives the platform state in the ECEF frame. The star tracker, which
gives the platform attitude in an Earth-Centered Inertial (ECI) frame, is easily converted to
an ECEF frame by a Eulerian transformation. By defining some epoch that the ECI and
ECEF frames are exactly aligned (they align once every 24 hours) along the Earth’s spin
axis, the transformation can be as simple as calculating the Earth’s angular rotation since the
epoch, DELT, and doing a simple Eulerian transform:

X @CEF) = X (ECI) * COS (DELT) + Y (ECI) * SIN (DELT)
Y (ECEF) = - X (ECI) * SIN (DELT) + Y (ECI) * COS (DELT)
Z (ECEF) = Z (ECI)



Some sizing estimates

Coordinate transforrnation

The transformation from an Earth-Centered, Earth Fixed (ECEF) frame to an Earth-Centered
Inertial (ECI) frame can be accomplished by rotating the three orthogonal axes which make
up a mrdinate frame with respect to the axes which make up another coordinate frame. A
general description of a transformation of some vector, VA, in coordinate frame A to a
corresponding vector, VB, in coordinate frame B is given by

VB = TX* TY*TZ *VA ,

where T is a rotation matrix, and X, Y, Z are the Eulerian axes about which the rotations
took place. The transformation matrices for each rotation are

11 0 I

I
I

TX = lo Cos(x) SIN(X) ~

lo -SIN(X) Cos(x) I

‘ COS (Y) o -SIN(Y)

I
TY=~O 1 0

I
j SIN(Y) O COS(Y) ~

{ Cos (z) SIN(Z) O

TZ=~ -SIN(Z) COS(Z) O
I
lo 1

To mnstruct each rotation matrix it takes 22 FLOP (2 FLOP for the determination of the
angular rotation, viz. time difference times angular speed, and 20 FLOP for the two
trigonometric functions). The multiplication of the matrices and the vector VA take 45
FLOP. The total number of operations for the above transformation is thus (3*22+45=)
111 FLOP.
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KALMAN filter.

Ifthesignalisknown tobecharacterizedby somenumberofparametersthatvaryonly
slowly,theformalismofKalmanfilteringtellshow theincoming,raw measurementsofthe
signalshouldbeprocessedtoproducebestparameterestimatesasa functionoftime.

To unders~d the principle of the Kalman algorithm it should be compared to one of its
special cases, the Rwursive Least Squares Regression (RLSR) algorithm: A Least Squares
solution is found for the parameters every time a new datum becomes available.

A disadvantage of the Kalman algorithm is its complexity.1 An N by N matrix must be
adapted and stored once per iteration, where N, the number of equalizer tap coefficients,
may typically be on the order of a few hundred or so. Thus on the order of N * N
operations must be performed per iteration. N is in fact a multiple of the number of signals
to be updated and the number of data points per signal, which is used in the updating.

Fast Kalman algorithms exploit the “shifting property” of most sequential estimation
problems. In equalization, this property expresses the fact that at each iteration the number
of new samples entering and old samples leaving the equalizer is not N, but a much smaller
integer p. For example, p = 1 for a conventional linear equalizer.

A comparison between the number of operations, per iteration step, in a simple gradient, the
conventional Kalman, and a fast Kdman algorithm is given in Table I.

Table I.

Algorithm Multiplications Additions

Simple gradient 2N 2N
Fast Kalman 7Np+Np2+3pz+2N+(4/3)ps-p/3 7Np+Npz+p2/2+4N+(4/3)p3+(19/6)p
Conv. Kalman 3N~+3N 2N2+2N+1

For a linear equalizer (p= 1), and for large N, the computational load of the qualizer with
fast Kalman updating is about 5 times that of the equalizer with simple gradient updating.
The conventionally-implemented Kalman algorithm however is about N times as complex as
the simple gradient algorithm.

We want to apply this concept to the EOS platform in order to estimate its position and
orientation as accurate as possible using GPS data and star tracker data. We assume a
sampling frquency of F =1/1.5 Hz, and a data accumulation period of 15 minutes, before
the filtering is done, and I= 100 iterations in the filtering process. The requird processing
speed for conventional Kalman and fast Kalman are respectively I*F*(5~+5N+ 1)= 120
MFLOPS and I*F*(22N+9) =0.9 MFLOPS for each state parameter.

lFalconer D. D. and L. Ljung, 1978 : Application of Fast Kalman Estimation to
Adaptive Equ~ization. IEEE Trans. Comm, vol. COM-26, no. 10, pp. 1439-1446.
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GPS Issues

System Status

The GPS space segmenthas6 BlockIand5 Block11satellitesinoperation.AnotherBlockII
satellitewas scheduledforlaunchinJanuary1990. BlockI satellitesaretheoriginalstyle
satellites.BlockIIsatellites~ moreinstrumentsandhavetheirstationmaintenancethrusters
locatedalongboththeX- andY-axes.UsuallyonlytheX-diration(roughlyvertid)thrusters
arefired.Block1satelliteshaveonlyY-axisthrusters(roughlyhorizontal).Ifproperlyspaced
inorbit,these12 satelliteswillgive24-hour,twodimensional(latitudeandlongitude)global
positioningcapability.

Additionallaunchesthisyear,andthecontinuedhdth oftheoldersatellites,shouldbringthe
totalnumberoffunctioningsatellitesto18 by theyear’send. Thisshouldbe sufficientto
provideglobalcoveragefor3-dimensionalpositioning.TheGPS systemgroundcontrolsegment
hasworkedsowellthatlittlethoughthasbeengiventoit.

TheGPS receiverdevelopmentsaredriventowardsmaller,lighterunits.A recentsurveyshows
thatthereareover100receivermodelsbeingmanufactureby over50 companies.Precision
surveysandtimetransferarethedominantapplicationsdrivingthemarket.Marineandaviation
applications are gathering momentum.

Issues

The overriding issue is the Department of Defense’s commitment to provide GPS signals and
related information to the civil community (including other government agencies). This service
was planned from the outset. President Reagan formalized this arrangement in a 1983 statement
shortly after a Soviet fighter shot down an off-course Korean airliner. The civil capabilities of
the GPS standard positioning service has b~n published in the DOD/DOT Federal
Radionavigation Plan for the last 10 years. A formal commitment is needed which states the
U.S. Government’s long-term position in this area.

Selective Availability (SA\

DOD’s stated policy is that SA will be implemented on the Block 11satellites after four or five
have b~n placed in orbit and are operating properly. (Block I satellites do not have this
capability. ) SA is the planned provision of a civil signal at an accuracy level of 100 meters
instead of the current 30-40 meters. This will be done by introducing errors into the clock and
ephemeris data broadcast by the satellite. DOD has been testing this capability for the past six
months and it seems clear that it will be implemented shortly. DOD is developing a network
for distributing the keys that allow military and other authorized precise positioning service
(PPS) users to receive clear signals. Differential t~hniques can be used to provide accuracies
of a few meters over a large area. Differential techniques require at least two GPS rweivers
with one receiver’s position known to a high accuracy.
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IntepritvMonitoring

Integrity monitoring ensures that the satellite information is valid, Users would be notified of
out-of-tolerance signals by satellite or other data links. Integrity issues are now being evaluated
by the Radio Technical Commission for Aeronautics’ Special Committee 159 on GPS. One
should rmgnize that integrity monitoring will have a significant cost impact upon the user.
This issue must be carefully considered if we want to avoid constraining the implementation of
GPS civil user equipment.

2


