
-A176 779 THE EFFECT OF TOPOGRAPHY ON AIRBORNE GRAVITY
GRADIONETER DATA(IJ) DEFENSE MAPPING AGENCY AEROSPACE
CENTER ST LOUIS AFS NO J J GRAHAM ET AL 1B FEB 87

UNCLASSIFIED F/G 8/5 UL

EEEEEEEEEEEEEE
EEEEEEEEEEII



ILI' 32 L.a5

1.2 11 114 1 .

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU Of SiANDARDS 1963-A



20 January 1987

NAMES AND TITLES: John J. Graham, Geodesist

U Joseph L. Toohey, Geodesist:

( ORGANIZATION: Data Services Department
Defense Mapping Agency Aerospace Center
3200 South Second Street
St. Louis, Missouri 63118-3399

TITLE OF ARTICLE: The Effect of Topography on Airborne
Gravity Gradiometer Data

WHERE & WHEN TO BE Fifteenth Annual Cravity Gradi.ometry
PUBLISHED: Conference, USAF Academy, Colorado

Springs, Colorado, 10-12 February 1987

SUSPENSE DATE: 2 Febru y 187

I HAVE READ AND APPROVED
THIS RELEASE: O HN J.UGRAHAM. Geodesist

JOSEPH L. TOOHEY, Geodesist

DTIC
D~~i~~1FE ~ 13 ERrI o.' o 111i T 7 -1

LLJtvl

* 
- --- IVY



SECURITY CLA SIFICAIION OF THIS PAGE

REPORT DOCUMENTATION PAGE
)a REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

UNCLASSIFIED NONE

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/ AVAILABILITY OF REPORT

N/A UNLIMITED
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE

NIA
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

None N/A

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
Defense Mapping Agency (If applicable)

Aerospace Center . DSGT N/A

6c. ADDRESS (City, State, and ZIP Code) 7b ADDRESS (City, State, and ZIPCode)

3200 South Second Street
St. Louis, MO 63118-3399 N/A

Ba. NAME OF FUNDINGISPONSORING 8b. OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. ACCESSION NO.

11. TITLE (Include Security Classification)

The Effect of.Topography on Airborne Gravity Gradiometry Data

12. PERSONAL AUTHOR(S)
Graham, John J. and Toohey, Joseph L.

13a. TYPE OF REPORT 13b. TIME COVERED NIA 14. DATE OF REPORT (Year, Month, Day) 15. PAGE COUNT
Technical Paper I FROM To 1987. February 10 , 32

16. SUPPLEMENTARY NOTATION
For presentation at Fifteenth Annual Gravity Gradiometry Conference, USAF Academy,

Colorado, Springs, Colorado, 10-12 February 1987

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP --Terrain Effects ' " Gradiometry"
08 05

19. ABSTRACT (Continue on reverse if necessary and identify by block number)
The reduction and conversion of airborne gravity gradiometer data to ground level estimates

of the gravity disturbance vector is currently of considerable interest in support of short

wavelength gravity modeling. A pressing problem is the need for an accurate procedure for

the downward continuation of data acquired at altitude by the Airborne Gravity Gradiometer

Survey System (GGSS). As part of ongoing investigations, a prism method has been used to

calculate the effect of topography on the gravity disturbance vector and the five independent

second-order gravity gradients. Calculations of the contribution of topography to the mag-

nitudes of these gravimetric parameters were made at both surface and elevated points in the

Wichita Mountains of Oklahoma. Computations were made utilizing Digital Terrain Elevation

Data (DTED) with an assumed constant density of 2.67 grams/entimetersl for the topographic

masses. Results are presented which reflect the use of DTED sets of different horizontal

extend and grid interval. 1

20. DISTRIBUTION /AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
ff-UNCLASSIFIED/UNLIMITED [ SAME AS RPT. 0 DTIC USERS UNCLASSIFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 22c. OFFICE SYMBOL 10
JOHN J. GRAHAM - JOSEPH L. TOOHEY 314-263-8398 DSCT

DO FORM 1473,84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE
All other editions are obsolete. UNCLASSIFIED



20 January 1987

CERTIFICATION

ORGANIZATION: DSCT

TITLE OF ARTICLE: The Effect of Topography on Airborne
Cravity Cradiornetcr Data

WHERE & WHEN TO BE Fifteenth Annual Gravity Cradiometry
PUBLISHED: Conference

USAF Academy
Colorado Springs, Colorado
10-12 February 1987

REVIEWED: X Technical Adequacy/Completeness
X Does Not Contain SAA Data
X This Document is Unclassified

This Document has a Security Classification
of UNCLASSIFIED.

I have reviewed Abstract x Paper and approve it for presentation.

DARRYL D. TAYLOR
Chief, Data Services

Department

Accesion For

NTIS CRAM& V
DTIC TAB 13
U !annou:nced 0
J 7istifica lion

By . .............
DLi. ibution

Availability Codes

Avdil andl or
Dist Spe~cial

D tic,

copy
'Np9r



THE EFFECT OF TOPOGRAPHY

ON

AIRBORNE GRAVITY GRAUIUMETER DATA

by

John J. Graham

&

Joseph L. Toohey

Presented To

Fifteenth Annual Gravity Gradiometry Conference
United States Air Force Academy

Colorado Springs, Colorado
10-12 Fehruary 1987

Defense Mapping Agency Aerospace Center
3200 South Second Street

St. Louis, Missouri 63118-3399

4kk



ABSTRACT

The reduction and conversion of airborne gravity gradiometer data to ground
level estimates of the gravity disturbance vector is currently of considerahle
interest in support of short wavelength gravity modeling. A pressing problem
is the need for an accurate procedure for the downward continuation of data
acquired at altitude by the Airborne Gravity Gradiometer Survey System (GGSS).
As part of ongoing investigations, a prism method has been used to calculate
the effect of topography on the gravity disturbance vector and the five inde-
pendent second-order gravity gradients. Calculations of the contribution of
topography to the magnitudes of these gravimetric parameters wre made at both
surface and elevated points in the Wichita Mountains of Oklahoma. Computations
were made utilizing Digital Terrain Elelation Data (DTEU) with an assumed con-
stant density of 2.67 grams/centimeters for the topographic masses. Results
are presented which reflect the use of UTED sets of different horizontal extent
and grid interval.
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THE EFFECT OF TOPOGRAPHY ON AIIBOINE GRAVITY blAIilOmETER iJAIA

I. INTRODUCTION

The field testing of the airborne Gravity Liradiomnetpr Survey System (UuSSI,
being built by Bell Aerospace/Textron for the Uefense Mapping Aqncy, is
scheduled to commence before midyear. Therefore, mnr.hods for validation of
the system's ability to map the local gravity field to high detail through
gravity gradient measurements and their subsequent downward continuation/
conversion into surface gravity disturbance components are or presinki
interest. Validation can in-part be accomplished by estimating the
influence of local topography on the radial disturbance, the dflfh.ction
components, and the second-order gravity gradients at both surface and
aloft stations. This report summarizes the results of computinq topo-
graphic terrain effects from the topography above mean sea level. The
terrain effects are calculated on the basis of homogeneous roctanqular
prisms which model the terrain masses with an assumed constant densitv.

The surface computation points coincide with the two astro-geodetic sta-
tions located in the Wichita Mountains of Oklahoma. One is near Sunset
Peak and the other is on Mount Scott as shown in Figure 1. Terrain etfpcts
were computed at these surface stations and at points directly overhead at.
altitude 5000 feet above the geoid. Digital Terrain Elevation Data ([TED)
supplied the topographic model needed to compute the terrain effects. The
main goal of the study was to determine which DTEu field should make un an
inner grid zone and to what radial extent outward. There was also a need
to establish the coarsest DTED representaion permissihle for the outer zont
and its span of coverage for adequate modeling of the local terrain effects
on selective gravimetric quantities.

II. DISCUSSION

a. Obiective

A major part of the short wavelength variation of the gravity tield in a
local area is due to topography. Therefore, especially in mountainnis
areas, one would anticipate the need for the best available topographic
elevation data in the immediate vicinity of a computation point. At some
further distance beyond this, a coarser terrain representation could he
utilized to make the computational process more efficient with a minimal
affect on results. With this premise, terrain effects were computed for
the stations shown in Figure I to estahlish the radius of an inner 7one
for 3" point UTED which is our finest grain OTED. The computations also
allow the determination of the largest mean UTED representation that is
permissible for an outer zone and its span of coveraqe for adequatp
modeling of the local terrain effects on selective qravimetric quantities.
These quantities include the radial gravity disturbance, the deflection
of the vertical components, and the second-order gravity qradients.
Inner zone modeling with mean DTEI) will indicate whether there is a need
for the exclusive use of point UTED for this area. Insight into upward
continuation effects is afforded with the inclusion of aloft computation
points.



b. Method of Analysis

A modified version of the kene Forsherg prism proqram was run to co(mpute
the topographic terrain effects. The program is discussed in keferenc,' 2.
The right-handed coordinate system was centpred at Pach computation sta-
tion with X pointina east, Y pointinq north, and Z pointing ,up. Prisms
were formed from a qe~id base up to the DTED topoaraphy of an assumed
density of 2.67 gm/cm as illustrated in Figure 2. The integration was
rerformed numerically using the distances from station coordinates to the
eiqht corners of each prism. The surface station height was offset I cin

to avoid the central prism from being automatically eliminated from theI
program and to avoid the station from being located within the cintral

prism boundaries.

c. DTED Fields Used

A 3" point DTED field was built around the stations from the same data
that DMAAC sent to Bell Aerospace/Textron. Also created were 4", 12"
15", 30", 1'. and 3' mean fields from the 3" point data. When using
both an inner field and an outer field around a station, the prisms must
properly fit together. If the inner field is the 3" UTEL), then the outer
mean field must be a multiple of 6" for the prisms to fit together.

d. Formulation

Terrain mass modeling is accomplished with homogeneous rectangular prisms
in the calculations. Gravitational formulas for such prisms are known
from MacMillan's work on potential theory in Reference 1. The prism
dimensions for this study were controlled by the description of the topo-

graphy. Figure 3 shows the indefinite integral solutions used to compute
the exact evaluation of ten qravimetric quantities at the computation
point P in Figure 2 for a single prism. When the separation between a
prism and the computation point permits, approximate prism formulations
are used instead of the exact ones. Figure 4 qives details on how a
series expansion for a prism's potential may be derived hy formulatinq
the reciprocal distance "r" as an infinite series in terms of the Ltqendre
polynomials. Using only the first few terms of the potential series, all
first and second-order gravity gradients may be found by simple diffPren-
tiation. The exact formulation is normally used Tor the central prism
while the approximate formulation is used for all remaininq prisms tn
obtain the desired gradients.

III. RESULTS

a. Tabular Output

Tables I and 2 show the effects of topqraphic modelinq by diffPrent UTFU
fields within a 12' radius about the two surface stations. The various
terrain fields used were 3", 9", 12", 15", 30". 1', and 3' UTEU. Thp
same investigation is repeated in Tables 3 and 4 tor tho computation
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points at elevation 5000 feet above the geoid and directly overh,'ad.
Terrain effect variations due to unit step increases over the interval.
6' to 13', in the radius of a central zone of 3" point UTED are shown in
Tables 5 and 6 for the ground level stations. In the remaining tables,
terrain effects are accounted for by employing the 3" point UTED in an
inner zone and one of the mean DTE) fields in an outer zone. It was
discovered that the prism program requires the outer grid field to he a
multiple of 6" for the prisms to properly fit together. This is the same
as saying that if one extends the 3" field, then the outer mean field
center coordinates must coincide with a 3" point. Examples of outer
fields would then be 12", 30", 1', and 3'.

Tables 7 and 8 indicate variation in terrain effects caused by mean DTEU
representations in an outer zone of radius 30' and an inner zone radiis
of 12'. The means considered for the outer zone terrain modeling were
12", 30", 1' and 3' DTED. Each table displays results for one of the
surface points, Sunset Peak or Mount Scott, and the related overhead
point. Tables 9 and 10 reflect the usage of i' mean UTEU in two expanded
outer zones, one of radius 20 and the other 2.50 with an inner zone radius
of 12'. These are again composite tables for a pair of ground/alntt
stations. For the ground level stations, Tables 11 and 12 indicat, ter-
rain variations due to inner zone modeling with different radial extents
over the interval ' to 10' while the outer 1' tJTEI zone was extpnded out
to a radius of 2.50. Tables 13 and 14 are composite tables for a pair
of ground/aloft stations where the terrain modeling was accomplished hy
an inner region of 3" point UTED and an outer zone o 3' mean UTCu. The
radii of the inner and outer regions were 5' and 2.5 , respectively, in
one case while 6' and 30 in another.

b. Analysis

From Tables 1 through 4, it is obvious that the Sunset Peak rtation is
not on a very sharp peak and that the Mount Scott station is on a vprv
sharp peak which changed by 200 meters when using a I' mean elevation
field. Tables I through 4 make it ohvious that the inner grid must he
the 3" point DTEU. Tabes 5 and 6 show that the maior contribution to the
terrain effects is located very close to the stations. Tables 7 and 8
show that ' and 3' mean DTEI) outer qrids yield the same results as a 1?"
mean outer grid. Tables 9 and 10 show that an outer radius of 2.50 allows
the final effects to converge within acceptable limits. Tables 11 and 12
show that the inner grid radius may be reduced to at least 5' and still
yield very acceptable results with a 2.50 outer radius. Tables 13 and 14
show that an outer grid of 3' mean UTED) yields acceptable results when
compared with the ' mean outer grid results.

When an outer grid is used, the inner grid values are extended further
than they were in Tables I through 4. For instance when the 3' field was
the outer grid and the inner radius was 5' as in Table 13, the portion of
fine grid used in computations agrees with that of the 8' radius ot Tahle
5. Another example is when the 1' field was the outer grid and the inner
radius was 6' as in Table 11. This aqrpes with the portion of fine grid
used in computations for the 7' radius of Table 5. The inner field is
then extended by one unit of the outer grid spacing to form prisms that
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fit next to the prisms from the outer field. This explains why the outer
grid must be a multiple of 6" for the prisms to fit together. This also
explains the increase in number of prisms for Tahles 7 and 8. The 3"
field was extended further out by ' and 3' which caused an increase in
number of prisms. However, as one increases the outer radius to 30, I
decrease in number of prisms would be seen by usinq a 3' outer mean field
rather than an outer field of higher density. Comput,r time is thtus
reduced by using the 3' outer field.

IV. CONCLUSIONS AND FUTURE CONSIL)ERATIUNS

The inner field must be the 3" point tfTED with an inner radius of at ]ast
5'. The outer field mav be 3' mean DTEU with an outer radius of at least.
2.50. If the field is big enough it would be advisable to use an outer
radius of 30 and an inner radius of 6' in general. This would allow
convergence of the topographic terrain effects within acceptable limits.
The 3" inner grid contributes the maior portions ot the qradient values
which means that the 3" elevations near the station coordinates must he
as accurate as possible. An inner grid that is a less dense mean field
would not yield the proper elevations near the station. The outer grid
may be thought of as fine-tuning the values until convergence is achieved
within acceptable limits. The 3" DTED tapes are written in 3' blocks
which makes it convenient to form 3' mean UTEU fields for the outer qrid.

One must consider the computer time saved by using 3' mean UTED fields
for the outer grid as large numbers of stations are computed. The numnher
of prisms is cut down without sacrificing accuracy. About 90 seconds of
CPU time is added per station with 3' mean UTED out to a radius of 30 and
3" point DTED out to a radius of 6'. The radial gravity disturbance and
second-order gradients converged within desired limits. The detlection
components will not converge as the outer grid radial extent is increased.
Conversion of the deflections into the other two disturbance compono'nts
does not give near the magnitude of the radial disturbance. We se th
high frequency nature of the second-order gradients by their rapid con-
vergence. The much lower frequency nature of the deflection componnts
will not allow convergence in the computation of the terrain effects.

In the future it would be desirable to augment the analysis with nor
stations in the Wichita mountains. The harmonic content of topoqraphic
terrain effects needs to be determined. Terrain effect compuitation by
the FFT method may be investigated in the future. Comparisons of actual
gradiometry data against simulated gradients derived from DTELI fields will
need to be made. It would be desirable to incorporate error propagation
into the topographic terrain effects programs as errors in the UTED and
density assumption hecome better defined. A major qoal is to he ahle to
add harmonic quantities to terrain effects for prediction of gravity in
inaccessable areas.
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