
6 Benchmccks

Example 3-D Computations using the GSDM
Ean F. Burkholder, PS, PE

Duringrecenttravels,l'vehadtheopportunitytophotographthehighestpointinTexas(GuadalupePeak),about
90mileseastofEIPaso,andsomeunusualrockformatjonsinTexasCanyon(alonglnterstate10onourwayto

TucsoHArizona).Itjsnotabjgdeal,buteachofthosesitesisinterestingtoexplorefurtherusingGoogleEarth
inconjunctionwiththe3-Dglobalspatialdatamodel(GSDM).Ihopeyoumightagreethatthisshortarticleisboth

educationalandfun.ApressreleaseonpublicationoftheGSDMbookandpicturesofthetwositesareincluded
elsewhere in this issue of Benchmarks.

Interestedreadersareencouragedtovisithttp://google.earth.comforinformationonsomeexcellentfreesoftware.
WithGoogleEarthjnstalledonyourcomputerandaninternetconnection,youcanvisitanypartoftheworldand

gainaccesstomanykjndsofvaluableinformation.I'vecapturedonlyasmaHportionofthedataavailableforthe
twosites.Ineachcase,Ireadthelatitude,longitude,andelevationdirectlyoffofthescreen.Incaseyouwishto

visitthesamesite,just"goto"thelatitudeandlongitudevaluesshownbelow.Oncethere,youcanzoomjn,rotate,
tilt,andmovetheimage.Inaddition,therearehotlinkspostedoneachsitesothatyoucanactuallyseepictures

othershavetakenofprominentfeatures.Giventhehighpriceofgas,travelingcanstillbeenjoyedfromhome.

Withthelatjtude/longitude/heightvaluesbelowreadoffoftheGoogleEarthscreen,thegeocentricXrv/Z
coordinates for each point were computed using the GRS 1980 ellipsoid and the equations listed below.

QLuadaluDepeLak
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N =              6,384,104.0959

X =             -1,390,740.2732            in
Y =            -5,241,324.0923            in
Z =             3,351,626.2354            in

|Qxas CanyQn
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1.29
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N =           6,384,160.5694

X =          -1,858,364.9924         in
Y =          -5,082,900.4239         in
Z =           3,366,926.5738          in

The point-to-point distance from Guadalupe Peak (in Texas) to
Texan Canyon (in Arizona) is easily computed using the 3-D

Pythagorean Theorem and the X/Y/Z differences.

AX=                467,624.7193     in
AY=                   158,423.6684     in

AZ =                     15,300.3384     in                   Mark-to-Mark Distance =

Comments:
1.

2.

3.

4.

(slope distance point-to-point)

eeQLdesy Parameters and EquatiQng

Seconds/radian =        206,264.806247096
GRS  1980 :    a =               6,378,137.000m

1/f =       298.25722210088

e2=        o.0o66943800229

EE
X  = (N  + h) cos p  cos A.
y = (IV + A) cos ¢  sin A

z = [IV(I _ e2) + fa]sin ¢

IItst   =     AX2  +  Ay2  +  Az2

where
ar = Jr2 - Jr
4 y = y2 - yl
4Z - Z2 - Zl

493,968.66    in   =     306stmi

Thelatitude/longitude/heightsareallapproximateandusedasNAD83lafudenongifude/ellipsoidheights.
TheGSDMallowstheusertoassignstandarddeviationsonawinputvalues.Ifnosfandarddeyiation
values are input (as in this example), the values are used as exact.
Ifellipsojdheightsareinputaszero(0.00m),thenthecomputedXrvzcoordinatesareontheellipsoidand
the3-Dinversedistance(493,799.66m)istheellipsoidchorddistancebetweenthepoints.
Theactualgeodeticlinearcdistanceontheelljpsoidbetweenthesametwopointswmbesomewhatlonger
than the ellipsoid chord distance.   Even when using the GSDM, computation of the geodetic arc distance
betweenwidelyseparatedpointsinvolvesquiteabitofwork.But,itcanbedone-seeequations6.115

and 6.117 in the book.   The geodetic arc distance between the points in this example is 493,922.84 meters.
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