GEODESIA, PERO... i PARA QUE?

Fuente: www.iag-aig.org




Geodesia

Transporte de coordenadas(1l):

Calculo de elementos de un triangulo

Cantidades observadas — a,(,y, AB

sena a

Obtencion de lados y

seny AB
angulos de ABP

b? = a? + AB? — 2aAB cosf

Agregamos otras cantidades - Az, (x,y)y4

Xp = b senAz + x4
Yp = b cosAz + y,

Cantidades observadas —= (x,y)4; (x,¥)p

Xp — X
Yp — YA
b:xp—xA =}’P—3’A
senAz co0SAz

| 1
Punto Fundamental Astronémico » @, A, Az

(11) Dominguez Garcia-Tejero, F. (1998). Topografia general y aplicada.



Geodesia

Sup = 4nr?
Solucién de triangulos elipsoidales(7-%:10):
Exceso esférico ——> &= (a+pf+7y)—180°
Teorema fundamental —» ¢ = %
Sup AA' = —— (47r? :
up AA" = 55 (4mr)
B a+pB+y
Sup BB' = — (4nr?) - ' ' r_ 2 TPTr 2
up 360( nr*) Sup AA" + Sup BB + Sup CC 360 (4nre)
v 2
Sup CC" = 360 (4mr=)

Sup AA' = ST + A'BC
Sup BB' = ST + B'AC
Sup CC' = ST + B'AB

38T =28T+ ST

ST + A'BC + B'AC + B'AB = 2nr?

a+f+y
360

~ Sup AA" + Sup BB' + Sup CC' =3 ST + A'BC + B'AC + B'AB

j|> Sup AA' + Sup BB' + Sup CC' = 2 ST + 2nr?

T

(4nr?) =2 ST + 2nr? —> ST =(a+ B +y — 180°) 2

180°

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service




Geodesia N
Solucidn de triangulos elipsoidales(7:%19): b a

Teorema de Legendre: se asumen lados del
triangulo esférico y del triangulo auxiliar iguales, A

entonces los angulos del triangulo auxiliar varian =
en un tercio del exceso esférico.

) p
717 o a—a =—
a b c+ b C 3R?
COS — = C0S —Cc0S— + sen—sen—cosa D B s, P
R R R R R - BB =35 >a+f+y=180°+
a? = b? + c? — 2bc cosa’ D
J vy _3R2
Aproximacion esférica Aproximacion elipsdidica
P a? + b? + ¢? K, = (MN), "%, Kg = (MN)g ~% Ko = (MN), !
e=r\1 T e e m2
a—a’—§+60R2(m2—a2) Kim = (Ka + Kp + K4)/3 €=PKm<1+ 8m>
p=4s(s—a)(s—b)(s—c)
_'B_BI_E_l_ € (mz_bz) a_a’=£+i]( (mZ_a2)+iM
S_a+b+c ~ 3" 60RZ 3 60 ™ 12 K,
B 2 , & € s , & & 5 5 e Kp — Ky,
—y == — —f ==+—=K - b))+ ——T=
W24 b2 o2 YoV =3t e ™M ) Pl =3+gpmm =00+
m2 = 3 ’—€+€K 5 2+€KC—Km
: Vv =gt gpkm(mt =)+ 5=

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.

(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Solucién de triangulos elipsoidales(7-%:10):

Cantidades adicionales: cantidad que modifica los

lados del triangulo esférico.

(o)
|
=
4

,seny

sen

' sent a @
4 a _a
s
senp b — SRZ
senf b3 . '3
sena 6R? 6R?
 seny ¢3 ¢’

bl

)
a3

W l3
b =T 6R?
6R?

aditamentos

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.

(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Problema Fundamental de la Geodesia(7-%10);

Calculo de coordenadas, direcciones y distancias sobre el elipsoide

—

—_

Problema Geodésico Directo (PGD) — @©1,A1,@1,S12 = 92,25, @, Lineas cortas (S < 200 Km)
PFG -

— Lineas medias (200 Km < § < 1000 Km)
Lineas largas (1000 Km < S < 2000 Km)

Problema Geodésico Inverso (PGI) —— ¢4, A, 95,2, = aq, @y, S15

=

Pole

N

geodetic meridians

S

Fuente: Jekeli, C. (2006)

Fuente: LuZ., QuY., Qiao S. (2014)

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service
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Geodesia

Problema Fundamental de la Geodesia(7-%10);

Calculo de coordenadas, direcciones y distancias sobre el elipsoide

—

—_

Problema Geodésico Directo (PGD) — @©1,A1,@1,S12 = 92,25, @, Lineas cortas (S < 200 Km)
PFG -

— Lineas medias (200 Km < § < 1000 Km)
Problema Geodésico Inverso (PGI) —— 4,44, 02,4; > @1,@3,512 | Lineas largas (1000 Km < S < 2000 Km)

Pole
Desarrollos en serie e iteraciones

—

—

geodetic meridians
Soluciones - ¢ Esfera auxiliar

Integracion numérica

S

Fuente: Jekeli, C. (2006)
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



—

Geodesia

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.

—

Problema Fundamental de la Geodesia(7-%10);

Problema Geodésico Directo (PGD) —— @q,A{,ay,S12 = @©3,25, @y

=9, A=A0S), a=aS)
do 1 d?g
(. = — 27| e2
P2 = @1 =5 1512 +2!d52 15 12+ .
_daa 1 d?A ,
B da 1 d?a ,
(az_al)_n'=£ 512+5ﬁ 512+"'
1 1
Mdg dp cosa
= — - =
T s s~ M
NcospdA dA  sena
= - =
senda dS dS N cos@
p i da sena
= - =
@=send dS N coso

geodetic meridians

S

geodesic

Algunas variables utiles:

V2 =1+n?
n? = e'?cos?e,
t=19¢:1
_ 512 senay
==
_ Sppc0524
v = N,

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.

(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service

Fuente: Jekeli, C. (2006)

_180°
pe=—
. 180°
p"" = ——3600



Geodesia

Problema Geodésico Directo(7-9:10):

> 1, M, a1, 812 2 @0, @,

_ 1 3 2y u3
—<P2V2<P1 —u—gv t—zpuzvzt—a(1+3t2 n* —9n tz)— 22 52N 2(1-1t%)
4 2,2 u*
1+ 3t? — 9n?t?) — t(4 + 6t% — 13n% — 9n?t? t
24§(+ e )2§2p3(+ e )+pn
viu u
+ o (1 30t2 + 45¢%) — 30,7 2 F 15t + 15t%)
1 v3t2 vy .
(A, — A)cos@, = v+;vut— 32 +3p2 (1+3t°+n°)
v3u USUt
3p (1+43t2+n2) + 33 (2 +3t* +1%)
- e 3,2
1 2 2 1 2 1 9 1 2 2 4
15,04( +3t)+15p4( t15e% 41509 15,04( + 206743060
3 2

uv v
—~ — 2 2 2 2
(az—al)—n—vt+—p(1+2t +n)—6p2(1+2t +n)+ 6>
3

vt
(5 + 6t* +n* —4n?)

3
1%
1+ 20t2 + 24t* + 2n? + 8n?t? 5+ 28t2 + 24t* + 6n?% + 8n2t?2
24'03( + + + 2n* + 8 )+24p3( + + + 6n* + 8n“t*)
Vot v3u? 4
1+ 20t2 + 24t%) — 58 + 280t2 + 240t* 61 + 180t2% + 120t*
+120p4( * +24t7) 120,04( * * )+120p4( * * )

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Problema Geodésico Inverso(7210):—— ¢, A;, 9,1, = ay, a3, 51,

A 5 1 oa;=tg?! (Vz At - o cosQ )
¢ — 8¢ | = ———C05¢;
Ap = @, — @ =V?*u+6¢ — u=—— ) Ap — 8¢
v - N, cos¢@
M=2,— A =——+861 ——> v=(A1—61)cosp, 512=W(A/1—5/1)
cosQ, J - 1 a; =7
o M Be—dp !
127 cosa; V2

- dp=0;, 61=0

- A
Ap a’ =t ‘1<V2—cos )
uo = W 1 g AQD ?»1
0 _ N; cos
vY = (AAd)cosqq s, = 1 COSPy (A2)

- senay

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service
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Geodesia

Problema Geodésico Directo(7-9:10):

> 1, M, a1, 812 2 @0, @,

| Formulas de Puissant

Esfera de radio N;, tangente en Py
Casi coincidente en P, (si S < 100 km)

90° — ¢'; y90° — @', son arcos de la esfera de radio N,

0’1 =@

= P1P'P2
seng’', = sen@,cosP,P, + cos@,senP; P, cosa,

®'2 =@, +A¢p" y P1P, = S1,/N;

S12 S12
sen(@, + Ap") = sen@,cos — + cos@,sen——cosa,
Ny Ny
Desarrollando en serie
512 5122 5123 AQU’Z A¢’3
Ap' = —cosa t — cosa + t +
P N1 1~ 2N12 gP1 6N13 1 5 9gP1 6
_Si S12° S12°
Ap' = —=cosa senaqt — cosa.sen?a,(1 + 3tg?
@ =N, 17 N2 18991 =3 1 1( g-e1)

1 1

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Problema Geodésico Directo(7219): —— A a,, S, > 0427, @

Formulas de Puissant

N,Ap' = M,,Ap
M =+ G| S = 4
Ap =8¢ —ASp Ap A= ;(izie:if;::sj)
S = Sﬁljcosal — 251\‘,112;1 senatgp, — %cosalsenzal(l + 3tg?@,)

Ap = 5p — SpAp = (8¢)?

Ap = Si,cosa;B — S;,%sena,C — h Si,°sen?a,;D — (8¢)%A

— @y =91t A

1 t 1 + 3tg? S.,cosa
B=— =-9% p-_T2IU ,_cuh
M1 2N1M1 6N1 M]_ -

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Problema Geodésico Directo(7219): —— A a,, S, > 0427, @

| Formulas de Puissant Esfera de radio N,, tangente en P,

Casi coincidente en P; (si S < 100 km)

90° — ¢', arco de la esfera de radio N,

@2 = @

s P, P"'P,

senAl  sena; senAl — sen 512 senay
Si2  cos, N, cosp,
sen ==
N,
S1io S15°
ALl = —=sena,sec 1-— 1 — senasec?
N, 15€CPr 6N22 ( 1 ®2)
Ay = A1 + A

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Problema Geodésico Directo(7219): —— A a,, S, > 0427, @

| Formulas de Puissant Esfera de radio N,, tangente en P,

Casi coincidente en P; (si S < 100 km)

90° — ¢', arco de la esfera de radio N,

@2 = @

2 2

cos ()

(90° — ¢, ) — (90° — <p1))

a—¢c¢ Center of sphere
A+C cos B
=) P1P”P2 tg (_) — ( ) COtg ( ) \\

<a1 + 360 — az) COS( 2

 os ((90° —¢2) ;r (90° — <p1))

C_(2 = + Ax i 180°

+
Aa Sen (W) AA senpm, AA
tg{ =)= tg(—| = )tg —

Ag A 2
COS(Z) cos(2

A N AA3 Ag ; ;
>+ 7 | senemsec—-— sendppsec

Aa = AL seng,,sec

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service

(7)
cotg T

b

‘— 2

ks

2

A
_(p> &2 = aq + Ax i 180°




Geodesia

Problema Geodésico Inverso7:210): - 3 0, A, > ay,S,, @

Formulas de Puissant

2
AL = ﬁsenalseapz [1 L2 (1 — sen’aysec?p,)

2 6N’
AAN, cos
S12 senaq = o2 2 C0°P —> S, sena; = AAN, 1COS<P2
1 — =12 (1 — sen?a;sec?p,)
[ 6N,”

Ap = Si,cosa;B — S;,%sen?a,C — h Si,°sen?a,D — (8¢)%A

S — 1 2 2 2 2 2 —_ — l 2 2
12€0SQ] = E[Ago + S1p°sen“a1C + h S1,°sen“a,D + (6¢) A] S1pc0801 = B [Acp + §1,°sen alC]

S17 sena, 7
tgal; =
S1pc0s804 oo S0, cosa’,
==
%5 = /(S12 senay)? + (S1pc0sa4)?
Ap AA3 A ; LA _ .
Aa = AL seng,,sec > + 1 SempmsecT — sen @, sec Y a, = aq; +Aa 1+ 180

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Determinacion de coordenadas(7-9:19):

=
S S
S -
Cantidad Direcciones S Direcciones o & Direcciones
antidades =
. . ®  Elementos _ _ I Elementos _ _
observadas enla — Distancias —_ — Distancias Distancias
elipsoidales en el plano
sup. terrestre _ .. _ . _ ,
Azimut astrondmico Azimut geodésico Azimut de cuadricula
= =
2 S
(5] (5]
g g
g Solucion de tridngulos elipsoidales; g
E- transporte de coordenadas g-
=} =}
() ()
v v
Coordenadas > Coordenadas
Geodésicas (p,A) - Planas (x,y)
=
8 =}
9 5
o=
S =
A m

Fuente: LuZ., QuY, Qiao S. (2014)

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service



Geodesia

Reducciéon de observaciones terrestres al elipsoide(7-210): g
8
Direcc E
. . irecciones Q
Observaciones en Coordenadas horizontales de un punto o _ £  Elementos
la sup. terrestre istancias elipsoidales
* Altura de un punto Azimut astronémico

—

. * Correccion por desviacion de la vertical:
Reducciones p ’

* Correccién por alabeo de normales;
 Correccion de seccion normal a geodésica;

* Reduccion de distancia cenital observada;

_* Reduccion de distancia observada al elipsoide.

e

* Relacidn entre Latitud y Longitud Astrondémica y
Latitud y Longitud Geodésica;

* Relacion entre Azimut Astronémico y Azimut
Geodésico (Azimut de Laplace).

S

Fuente: LuZ., QuY, Qiao S. (2014)

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service
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