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Geodesia

Normal a la superficie en P

rvas(67.9):

!

/ Plano normal

Plano tangente

\ Superficie

Fuente: https://commons.wikimedia.org

Curva

\ 4

Curva de seccidon normal: es una curva plana creada por la interseccion de un plano
que contiene la normal a la superficie (un plano de secciéon normal) con la superficie.

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.

(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.
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Normal a la superficie en P
Curvas(67.9);

Plano tangente

Superficie

Curva de seccién normal: es una curva plana creada por la interseccion de un plano
que contiene la normal a la superficie (un plano de seccion normal) con la superficie.

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
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: T 6,7,9).
Secciones principales(®79); /) Circulo paralelo

&: Normal al elipsoide
Seccion normal a la meridiana (6

primer vertical)
Seccion meridiana

— /
A9/
\ Y
5 \ S Seccién que pasa por un punto
Seccion que pasa por X v y es perpendicular a la seccién
un punto y contiene a meridiana.

los polos del elipsoide.

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward ], and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
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Triedo de Frenet:
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Fuente: http://faculty.etsu.edu

Curvas planas Doble curvatura

Fuente: http://www.edificacion.upm.es

-




Geodesia

Curvatura(®7.9): tasa de cambio absoluta del &ngulo de la tangente a la curva Y = @
respecto a un elemento de longitud de arco de la curva. ds
e - - Tangente A s: longitud de arco
- . N o Z a: pendiente de la tangente
Plano tangente P - ‘
ds
) Jdz
, 7 dx
Curva X
i d2z
ds = \f dx? + dz? —
Y = dx?
B B 3/2
Fuente: https://commons.wikimedia.org dx 1+ ka ).
https://solitaryroad.com/c361.html - 1
Radio de Curvatura: inversa de la curvatura. p = E

Curvatura: “es una medida de cuanto se aparta una curva de ser recta”

(6) Krakiwsky, Edward ], and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.

(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.
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Radio de curvatura(®7.9):

Seccion Meridi d’z
; eCClon ivieridiana _ dx2
X e 3/2
L+ (ﬁ)
)2
dz a’ x
" dx  b?z
M
B da 1 B
© X = ds M
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Fuente: Jekeli, C. (2006)
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de

ds

a
X= 12 (1 — e*sen?@)3/?

a(l —e?)

(1 — e%sen?@)3/?

1
Y P

el dsmeridiana =M d(p

a(l — e?)
Mecuadnr = 2 2 3/2 =7
(1 — e?sen?@)3/
a(l—e?)
Mpﬂiﬂ =

(1 — e?sen?@)3/2

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.

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

Radio de curvatura(®7.9: Meusnier: el radio de curvatura de una seccion inclinada es igual
Seccién Normal a la Meridiana al radio de curvatura de una seccion normal multiplicada por el
coseno del angulo entre ambas.

&: Normal al elipsoide Circulo paralelo

Seccion normal

Fuente: https://encyclopedia2.thefreedictionary.com

Fuente: Jekeli, C. (2006)

1 1
p = Rcosf <{amm) ECOSQ =2

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
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Meusnier: el radio de curvatura de una seccion inclinada es igual
al radio de curvatura de una seccion normal multiplicada por el
coseno del angulo entre ambas.

Radio de curvatura(6.7.9):
Seccion Normal a la Meridiana

&: Normal al elipsoide

Circulo paralelo . 1 1 1 1
Seccién normal 56059 = E — ECOS"-P = E
\P i
p = Ncos @
b
7 a cos@
X =
2 (- e?sen?p)1/2
>47j1l3 : . .
- - N —
dA 1 |dA
X = E - 5 = E = dspa'raieiﬂ =N CosQ da
= a
Fuente: Jekeli, C. (2006) @ orvador = 7w N, rvador = A Zserq) )2 =7
N a

(ppﬂia =7 e Npﬂfﬂ - (1— ezsmzm)lfz =7

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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Secciones principales(6.7-9);

Tangent plane

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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- = (6,7,9).
Secciones principales!®’?): /) Circulo paralelo

&: Normal al elipsoide

Seccidon normal \

Secciones Principales

J

Secciéon meridiana

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
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Curvatura y Radio de Curvatura (67.9);

A fi K [ normal curvature H[l’,ﬂ]:—ﬁ
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o3t 11'3% 'Kz '
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# — principaldirections

Fuente: http://www.grad.hr

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
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Curvas en el elipsoide(6'7'9): Teorema de Euler: curvatura de una seccion de acimut «a en
funcién de los radio de curvaturas de las secciones principales.

&: Normal al elipsoide
x

o A Circulo paralelo 1 sen*a cos*a
Xa = T

"R, N M

Seccion normal

Secciéon meridiana

Aproximaciones
21 2m da

RG=i Radct:f =+VMN

2m ), o Sen‘a _l_cosz::r
N M

P 1
© 2w
2\N M

1
R:§(Q+a+b)—>R:a 1-—

2 4 6

e? e* e
6 24 48

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
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Coordenadas Cartesianas Rectangulares(®7-) asociadas al elipsoide de referencia

0X
oY  Sistema de la mano derecha

0z

Ecuaciones de transformacion

¥ | Coordenadas curvilineas en
A | lasuperficie del elipsoide

h:  Altura sobre el elipsoide

X

Fuente: https://gssc.esa.int
ESA: European Space Agency

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
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Transformacion de Coordenadas(®7.%)

B a cosg
t (1 — e%sen?¢@)t/?
a(1- e?)seng
‘T (1 — e?sen?¢)'/?

Obtencion de xy z del punto P _

x =x+ hcosg
zZ = z+ hseng

A x' = (x+ hcose) cosA

X * y'"=(y+ hcose) seni
Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward ], and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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Transformacion de Coordenadas(®7.%)

z
A
N a
B (1 — e?sen?@)1/?
a cosg -
X =
(1 — e?sen?@)1/?
~ a(1-e*)seng X =(N+ h)cose cosi
_ Y N (1 — e®sen’@)'/? J r Y=(N+h)cospsend
g Y - Z=(N(1—e?) +h)seng
x' = (x + h cose) cosA
y' = (y+ hcosp) send |
Z =z + hseng

X

Fuente: https://gssc.esa.int
ESA: European Space Agency

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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Transformacion de Coordenadas(®7.%)
X = (N + h)cose cosA

Y (N+ h)cose send Y
- Y:(N—I‘h}fﬂs@senl E:(N‘I‘h)EUS@EﬂS/’{ _}tg‘lzf
Z=(N(1—ée?) +h)seng
- z
A

X
Fuente: https://gssc.esa.int
ESA: European Space Agency

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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Transformacién de Coordenadas(®79) : Hirvonen & Moritz (1963)
" X=WN+h A
(N + h)cosg cos _(N+h)seng _ Z+ Ne’seng
- Y:(N‘l‘h){fﬂﬂ(p send tg(p_ \/W - tg(p_ \/W

Z=(N(1—ée?) +h)seng
- gt A (1 N Nezsen<p>
v PN \xTrre Z

Sio- h=0 - Z=N(1-e?) seng

Z e?
O=tg™t (1+ )
(N + h )seng v J (\/X2 + Y2 1—e? )

0y 2 0
ol = tg-1 Z (1 +N((p )e“seng >
VX2 +Y2 Z

n—1y,2 n-—1
- Z 14 N(p" H)e“seng
VX2 +Y?2 Z ’

niteraciones

n

%

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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Transformacién de Coordenadas(®79) : Hirvonen & Moritz (1963)
X = (N + h)cose cosA N |
- Y:(N+h)UUS@S€M \/X2+Y2=(N+h)COS(p — h = CoSQ —N, Sl(p¢90°
Z=(N(1—ée?) +h)seng

Z=(N(1—-e?)+h)senp— h = — N1 —e?), sig % 0°

seng

VX2 + Y2 P’

hcos?p = (/X2 +Y2 — N cosg )cos

2p = (Z - N(1 — e?
N cos hsen“p = ( (1 —e“) seng) seng

h=HX2+Y2 —Ncosp)cosgp + (Z— N(1—e?) seng) seng
N(1 — e?) seng

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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Transformacion de Coordenadas:

X = (N + h)cose cosA
Y=(N+ h)cose seni
Z=(N(1—ée?) +h)seng

A

Bowring (1976)

a cos
- (1 — e2sen?¢)1/2
a (1 —e?)seng
(1 — e2sen2¢p)1/2

X

7 =

X, =Xp — M cos — X
c P C

Z, = zp —Msenp — Z

__zp+be?sen3p

1
1+ e’?sen?¢

w? =1—e?senp =

_a(l-e?)

M .

CoSQ

cosp =
ﬁ w

= ae?cos3p

= —be'? sen3p

tge = " xp —ae? cos3B

Zp + b e’? sen3p

tg(p - VX2+Y2Z - qe? cos3p

Xp’ =\/X2+Y2

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(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.
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Transformacion de Coordenadas: Bowring (1976)

X = 1
X = (N + h)cose cosA X = QZCOSQZ - w2 =1 — e2senq = s
< Y= (N+ h) cosp seni (1_9592" ) . essentg
Z = (N(1— e?) + h) seng , = a(l—e*)seng M=a( —36)
- (1 — e2sen2¢)1/2 w
cosQ
Z cosf = "

a Zp’
zZ = bsenﬁ — tgﬁ0=zﬁ
a cosf

=
|

0 zp + b e’? sen3p°

 VX2+YZ - e? cos3B0

tge

tgBt = (1 —f) tge®

n Zp +be? sen3pn-1

~ VX24YZ —q e? cos3pn-1

tge

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
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Transformacion de Coordenadas: Bowring (1976)

X = 1
X=(N+ h)cosg cosA X = GZCOSQZ _ w? =1 — e?sen?p = L
4 v =W+ h) cosep seni (1 — eZsen?¢@)l/ 1+ e’2sen?¢
— p2 1 — e2
Z = (N(1— e?) + h) seng , = a(l—e*)seng M=a( 38)
- (1 — e2sen2¢)1/2 w
cosQ
Z =
cosf "

VX2 +Y?2 P’

h? = (JX2+Y2 —acosB)?+ (z — b senf )* (Bartelme & Meissl, 1975)

-

acosf

b senf

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
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