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PROBLEM WRITE UP 

1. Taak Nwli>er: 59-058 Reccmp II Computer 

2. Date Rectd: 10 August 1959 

3. Subldtted bT: Hr. Mancini, Air , Grnd Techniques Section, Suft1!ll & Geod Br. 

4. Prog~d 07: L. A. Gambino 

5. De,oripticm of Proble.: To determine the position of an unknown point nth 
ret.NIlee to the positions ot two known pointe b7 
makina • continuous record of alant ran,ea to the 
three .tationa trom an aircraft t:ly1Dg along an in­
tePn*li&te path. Calculate the gr:l.d. di.tanc.. ot 
thi. intermediate path uaing it a8 th. baae in the 
deterainaticm of the grid coordinate, of the unknown 
Itation •. 

6. Mathematical Ana:l3siel The trigno.tric tormulae uHCl in the position compu­
tations were rerlaecl to include the concept froll 
anal.1tic geometr.r of the 41rected distance from .. 
liD. to a point therebT JDakiD8 the tormulae applicable 
to all ca.". 

7. Numerical Ana:l3a18: Newtoo-Raphson iteration proc ••• waa utilised to obtain 
approximate latitudes to be uaed in the scale factor 
cOSlpltationa. 'lbe coorcH.nate" ot the unknown can be ob_ 
tained to ! 0.04 metera. 

8. Block Diagram: Attached. 

9. Program Lilting I Attached 

10. Operational Note.: 

.) Input and outptt via the electric typewriter. Arter reading in the tape, 
~he location oounter will be let at location 0001.0. Pre •• the "Start 1" 
button on the right aide ot the eonsole. Th. c01Bp.lter will DOW wait tor 
input data. 

1. Type A or B. 'l7Pe A. it the UDknown .tation i. abO" the known 

2. 

3. 

4. 

5. 

6. 

7. 

baae line or type, F it 1 t is below the bue line. 

XXXXXXXX.IXX 

XXXXXX.XII 

xnmI.IIX 

XIXXII.XIX 

XXIX. XXX 

XIXX.XXX 

Nw (Nothing of the weat point on the ba •••• 

Ix Buti1g of the wet point on the baae. 

(NI) Northing ot tbe laet point on the b .... 

(~) Easting of the eaat point on the bale. 

(Hw) Elevation (in metere) or the w.at }I) int on the bas. 

(H.) naTation (in meters) of the root point on the baae. 



s. XXII.XIX 

9. XI.XXX 

10. XI.XXX 

11. XIILXXX 

12. XX.XXI 

13. XX.xxx: 

14. XX.XXX 

15. XXXI. XXX 

16. XX.XIX 

17. IX.XX 

18. XI.XX 

19. XX.XX 

20. IX.XXX 

21. XLXXX 

22. XX.XX 

(hV) Elevation ot the unlmown atatiQn. 

(TDBw OF) DI'1 btlb temperature at weat end of bue. 

( 'IWBwo,) Wet bllb temperature at we.t end ot bu •• 

(ALT" ft.) AtiMetv read:lns (m te.t) at wet .. of baH. 

(Ew) Ecoentricity at west end ot ba ••• 

(TD~ 0,) D17l bulb temperature at ... t ead of ba ••• 

(~or) Wet bulb temperature at .ast eDel .t base. 

(ALTE fi.) Alt:laetw reading ill t •• t at e&at end of baae. 

(II) Eccentricity at ea.st end of base. 

(TDByOJl') DZ7 bulb at unknown point. 

(1WBvOF) Wet bulb at unknown point. 

(ALTVtt) AtliMter reading in feet at unknown point. 

(Ev) Eccentricit7 at unknown point. 

(TDSOF) Orr bulb at welt end of air baa •• 

(TWBOF) Weat bulb at west end ot air base. 

23. XXIX.XX (ALT) Alt1Mter, in feet at west end. ot air ba ••• 

24. XXIX.n (h) Altitude ot aircraft in meters, at west end of air ba ••• 

25. XX.XX (TDJ30F) Dry bulb at eaat end ot air base. 

26. XX.XI (TWBoF) Wet bu1b at eaat end of air baH. 

27. lXXX.XX (ALT) Alt1Mter, in feet, at east end of air baae. 

28. XXX.XX (h) Altltule ot aircratt, in metere, at eaet end ot air bale. 

29. XXXXX.XXX (W-Air W) Distance, in metere, trom We.t bue pe1nt to weat end 
of air base. 

30. XXXIX.XXX (E- Air W) Distance trOll East base point to ve.t .ad or air base. 

31. XXXIX.XXX (V - Air W) Distance from unknown to west end of air 1 base. 

32. XXXIX.XXX (W - Air E) Di.tance from West baa. point to East eM of air b&.e. 

33. XXIXX.XXX C. - Air E) Di.tanee from Ea.t bue point to east end ot air base. 

34. XXUX.xxx (v - Air E) Distance from unknown point to east end. or air base, 
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Upon returning the carriage after enterin~this last distance, the 
computer goe8 into the compute mode. After approx1mate~ 5 ~tes, the 
position of the unknown will be typed out and the computer will wait for 
more distances to be entered. If there are no more distances. press the 
"IAtters Shift" on the typewriter and the average of s.ll the ocaputed 
poiitlons made on the unknown will be typed out. The oOD1Plter will then 
•• t the location counter to 0001.0 and wait for a new problem. 

lOb. 1. 160a WOrd.8 or 3216 cotmands are utilized. by this program. 

2. Press the carriage return after typing in each piece of data. If an 
error i8 made while typing in a number I press the "J" key on the typewri ter, 
prese the start button on the console and then retype the number. If an error 
18 detected after entering a number, it 1s advisable to read the tape back into 
the computer 80 that modified commands and stepping constant. vill be reset to 
their original values. 
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u. s. ARM! DGDlEER 
GEODESY J mELLIGDCI ~ MUPIIG RESEARCH .lID DEVILOPImlT AGElfC! 

SURVI!llQ AID CJ1Pl)D!:SY BltARCH 

1 .. bruary 1961 

CALCU'L1TIOI OF FOSITIOJl nOM DIBTAICES MEASURED WITH 

AIRBORn T!LLUROMETER 
CONTINUOUS TRlLATERATION METHOD 

1. General 

neotrenic distance .eanring equiplftlllt J whioh haa been given t.he 

cl1atillpiahinC naae II Aerod.ist 'I, vu deyeloped in the Union of South 

Africa, fer the U. S. !nq Engin.er Corp. (GIMRJDA), for lon, range ext­

._iOll of horizontal oontrol. Z.eent1a.l.l.)", the purpose of the equipment 

il to det.ndn. the poeition of an unknown point with reference to the 

posit1one or two knew pointe, In the diap-aa below. A and B represent 

the two fixed ground atationa vi th forward and back az1lluth8 and C 18 the 

\Ulknolm point lIho •• position i. required. 

B 
...E c-.;7S e L J'r} e-~---'--l-L.~J. 

A F;9~l'"E> 1 

A cont1m1ou8 record ot alallt ranps to ·the three atatione A, B and C 

1. ud. in an airoraft nying along an intermediate path, ncb .a P Q. 

The airoraft 1, now at .. low an altiutde al poesible, coneistent with 

the u.1ntenance of line of sight conditions. In fiat terrain, the 
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al. t1 tude would be of the ord.r of 2000 teet tor range. ot approxiJlately 

So m1l... The height deterainationa of the aircraft and the unknown 

ground point are aade 'oaroaetr1call7. 

2. CoJlp!tational procedure 

6 

a! the .,s .... ral po.lible .. thod. of calavl.ation, that which &iTe., accurate 

result. aoat d1reotl:r i. the coaputat1on on the ellipsoid. 

The lUoce.ai.,e atapa ot OOIlpUtational prooedure are: 

&. Selection from the continaou. record o! field data of at leaat aix 

sets of 8iJaul taneou817 •• uured alent range.. Six 1. oonsidered a _ini.,., 
but proTis1on tor twelTe ahO\lld be JWle in the prop'''. Six or the.,. to 

air point r and lix to point Q. ror eillple illustration in this problea 

for coJapUtational procedure, however, we .hall conl1der onlY' lUI three lIOuld 

correspond to poeit1ons PI' P 2 and P 3 in the neighborhood ot point P and 

three to positions ~, Q2' and Q) in the vic1n1t7 of point Q. Refer to 

Figure No.1 for geometry of the problem. To insure optillwn resulte, it 1. 

necee.&r,y that the figure and especially the triangle PQC be reasonably 

well conditioned. 

b. Computation of index of retraction using meterological 

data obtained at each point. 

c. Reduction of the slant ranlee to eliipeoid.al. di.tances. 

d. Calculation of azilluths troll known cround ~1nt8 A and B to air 

points PI' P2' P3 and ~, Q2' Q) projected to the eUploid end fro. ~, ~, Q) 

to unknown ground point c. 
8. Computation of pOlitione of air points and unknown r;round point, 

which will be performed for each set of data with the final ground position 

taken as the mean of all C values. 



3. Reduction or slant rani.' to sPheroidal. distmcee. 

The tollowinl procedure of reduction corrects the radio path 'L' to 

ellipsoid d1etance S for eaoh JUawred line. Figure 2 contains the 

relationship of the Yarioualy co~ted distances to L. All lengths are 

expressed in •• tere. ~ is th. elevation of ground point and h2 the 

elevation of aircraft (al80 in .. tera). 
A iT'" Poiof 

=====::;;;;::;.------

~I 
," .;) ---------. -

rigure 2. 

a. Reduction of L to D. 

The reduction ot each radio path L to alant range D corrects for 

todex ot retraction (~) and is aooogpl1ahed b.1 application ot the .ethod 

contained in the Airborne feiluroDletar Coaputatlons, Line Croa.1.ng Method 

(2 reb 1961). The meteorological data will be •• a.uredand treated in the 

same manner as in )he Line ero.sills Problem. 

b. Reduction ot D to D. 

Slant rang.. are next reduced to slant chord d1.8tance., D tor each 

line A~, .APl , B~, BPl , O:L s., Pl ~, etc. I by the foraula 

D • D - n3 / 24r 2• • • • • • • • • • • • • • • • • ~ • • • • • (l) 

where r • 26.0 x 106 metere (radiu. ot radio wave). 

7 



c. Reduction or D to I. 

-1. In per!ona1ng the reduotion of D to ellipsoidal chord distanc •• 

I, approxiJlate alillUtha ot all •• asured linea and geographio coordinat •• of 

point. Pl , P2' ~, Q2' etc., llUat t1r.t be detendned. B,. glvinl the yariOU8 

di.tance. th.ir reapective azimuths prior to further reduction .aka. po •• ible 

a refineent ot the di.tanc8 since in JUDy ca •• a theae aeuured langth. are 

likely to be in exce •• ot 100 lI11l... Fonmlu contained on page 1 of Probl .. 

10. 8, Trllateration Adjust •• nt () April 19$8) of the Engineer. Probl ... can 

be used for computing internal miles ot the triangles ot the quadrilateral.. 

The azimuths of lines A~, .1Q2' BPl , BP2, etc.,' ne.d onl7 b. computed. 

Azimuths mq be added according to the convention •• t forth in the Line 

Cro"ing Method. 

2. lext, the approxiute geographic coordinate. of the air points Pl , '2' 

O:t, ~, .~c., are req1l1red. The •• coordinates can be detera1ned by ntp107ing 

Helmert'. Position oo~tatlon which 1. a part ot thi. probl .. and utilises 

.a iJlput data 1A1t1&l. coordinate. of !(orB) and az1alth to the a1rpolnt Q{orP). 
,.., 

). 'olloving the.e prel1a1nary computations, the reduction ot D to K 1, 

8 

relatively 8i11pl.e. B7 application of the tollowing tonaula utilisinl adlluth 

and poeltioft data thus deter.ained, the ellipsoidal ohord di.tanee K 11 obtained. 

w. 2 _ (hz _ ~)2 ( 
.. h- • • • • • • • • • • • • •• 2) 

(1 + =f ) (1 + ~) 
I Po. Po. -where D, ~, aDd h2 are known, 

and 
I' •• a 

~ • pY/(v C08 a + p .in a) • radiu8 ot curvature. 
Ck ~ ~. • ¥.z. 

allJO p • a (1... ) IP.... lin fJ.) 
a I j/2 

" • a/(l-e .1a fJ.) . 

further a. 6378206 • • •• .t~jor axie or ell1P801d. 

~ • latitude ot starting point ot line. 
11 

a • al1Jmth from .1 to Or' B to PI' etc., trOll north 

(previou~ co~uted). 



d. Reduction ot I to 8. 

Finally, to obtain eU1peo1d.al. aro di.tanoe S, we use the relation 

a 
S • I + I -, 

21&p • cs ,. 

••••.•••••••••••••.•. (3) 

Where I and p are defined above. 
Cl 

•• ActjutMnt ot tnanlle •. 

Each triangle .lIPl J DP 2' ABO:J.., ABQ2' etc., 1, now ready' for 

tinal adjuetment. B7 utili.ing the loralae 

cosS) - cos» - 00. D cos BI •.... (4) 
Sin BP Sin n 

coal • cos!P - cos II COB PI ....... (S) 
S1n n Sin lSI 

COIPI - COl II - COl AP cos ~ ••••••• (6) 

Sin D Bin !P 

•••••••••••••••• " •••••• 0 •••••• ; ••••• , 

COJRpUte the angle. of the two triangle. the sum of each should iii 180 + ( , 

where € - spherical ace •• to be computed according to eq. (14) in Line Crossing 

Method, with ~ • mean or Tertic •• of each tr1an&le • • 
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Since this condition rarel7 ,occur., there will norllally be an error of clonre E 

of the triangle. The error ot closure i8 to be el1.Jl1nated according to the pro­

cedure in Line Cro.ling Method, page 7. 

", Final as1at,h, 

Final a.1IIuth or lin •• BPI' BP2' AQ1' AQ2' etc. can be determined by add­

ina (or 8ubtractinS) the anile. ~ , A2,' 11, J B2 J etc., to the a.1Iluth or 
line AI (known) according to th.1coDvint1oft on 'age 7 ot the Line Oro •• ini 

Method. 



g. Computation ot line PQ. 

1. The tinal leographic coordiDatea of points Pl~' '2' ~, etc., 

are t9 be cOllputed fro. the . final .siJmltha above and the ellipao1dal. length. 

's' prnioul,.. cOllpUted. Hebert'. Position Co.put.tion i. to be used. 

To eompute the length PI ~, P 2~' etc., • cOPT or Sodano", inver •• 
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fonmla (with aecollpaD1ing exlllpl.e) 1, also furni.hed and will be "sed tor the 

computation. This tormula supp11.~ equations tor coaputat1on of torward and back 

azllmth, alae. 

h. Co!pUtation ot unknown point C. 

1. Fro. the oOJlpUted lencths and a.iB1tha of line PQ, the approxiaate 

az:lJmth. of linea ~ ~, ~2' Pl ~, P 202' etc., are COllpUted along with coordinates 

tor s., 02' etc. Intemal an&1.' ot the trim&le P1 ~ s" P2~C2' etc., are 
adjusted in the lue unner as abo ... e tor the triangle. of the quadrUateral, 

except thie t1a. linea PI ~, P 2Q2' etc., are con.ielered .~ the baae line tor 
each .et ot data instead ot .A.B al before. 

2. rinal aziJluth. ~~, Q2C2' etc., are detenl1ned aa abo". in t. 

3. Th. geographic coordinate. of point °1 , 02' etc., troa ~, ~, etc., onl,­

are oollputed and t1nal17J the latitude. and longitude. ot the Tarioul valuss ot 
C are .e&Ded to deterMine the .oat probable value. 

1. Synopaia. 

Since the pren_ 18 .et fourth in eo_ detaU, a quiok review of 

oOllpUtational procedure ter lingle Tallle of C i. tel t de.irable. Thi, rey1n 

i. npplied •• an aid to \he pro ;r_er in hope, of .1IIp11f11n1 the proble •• 

ho. the gi.,en data ot .tationa A. and B, coordinate. ot air pointa PI and 

Or (reduced to the ellipao1d) are OOllPUted oyer line. BPl and ~ a8 a tunction 

of a.iJluth and distance. An inver •• ot line Pl ~ il pertoraeci, and uling thil 

line aa a base with as1auth ~ ~ and the related dietance, ieographic coordinate. 

tor S. are COJlPuted. Thi. procedure 18 carried Ollt tor each aet ot aeuurement. 

ren1ting in a unique Talue for C. The C'a are then •• med al described abo"e 

to yield the moat probable Talue tor the lUlknovn point. 

j. ProF- nex1bUity. 

The progr .. will be developed tor optional. inpu.t and required output 

of the tollowing ba.ie geodetic data. This probl .. operat.. Oft the elliploid 



(,eodetie)} and should input data ot the atarttol points be on the UT.M 

plain or in 1111., then it will be required that the.e data be eonTerted 

to geodetic quantiti •• ria subroutine. (integral. part of the prograa). 

1. Input. 

a. Geodetic 

(1). Geographio coordinatea ( 0 , , ) 

(2). Azt.nth. ( 0 , • ) 

b. m. 
(1). Coordinates (_tera) and zone, converted b7 subroutine to 

gao ~aph1c coordinate •• 

(2) • .l:ailluth ( 0 IJ' on Jd.le), oonverted b7 subroutine to 
geodetie azimuths. 

2. Output. 
a. Geodetic 

(1) • Geographio coordinate8 ( 0 I • ) 

(2). Ast.uth ( 0 I , ) 

b. !l!!. 
(1). Coordinat •• ( •• tera) and lOne. 

(2). Azt.oth ( 0 , • ~~. ). 

11 

k. UtUise tormulae ot Enc1n •• r problem no. 12 (um to pographics) to 

convert um coordinate inpllt to geo graphics. Fro. other existing fonmlae conTert 

11TH sexage.1.ul or 1111 asilmth to geodetic. 

1. In output utlliseBrlgin •• r 8UrVq problOl 11 fonmlae tor Geographic 

~ UTM ooordinate.. Fro. COftTerseftCe !oraula., oonvert geodetic ast.mth to 

UTM aexapaiul. and m1l .s:1.altlw. 

a. EI'ltlr. program. v1ll contain as integral part all 8Ubrout1nes. 

D. Pro gr .. vUl be d.e.1~ed to 1I1Ork onl7 north of the equator and .!!.!l 
ot Oreennch. 

o. Prop-a.hall be deyeloped 80 that 1'oUow1D, entrr of Ba.eliDe data, ne. 
'ield data can be entered tor COaputinl other C' •• 

lotel R.ter to 'oraat as ",ideee. 


