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RESUMEN

Este artículo muestra los resultados de una inves-
 ')$*'-#&.-4"!&.!)0'1'!# -&2!&3"4' $.&NMO&GLow 

Earth OrbitsH%&($&*0$(&6$*!&,$" !&2!(&,"-C!* -&A04!-
.$ U<D&2!(&)"0,-&2!&'#=!. ')$*'-#&!#& !(!1!2'*'#$&

K9:M?&2!&($&<#'=!".'2$2&D'. "' $(&E"$#*'.*-&F-./&

de Caldas. En el presente artículo se presenta un 
1$"*-&"!B!"!#*'$(%&($&1! -2-(-)R$%&C&(-.&"!.0( $2-.&

2!&2'*6$&'#=!. ')$*'3#5&M(&-4P! '=-&,"'#*',$(&*-#.'.-
 !&!#&2! !"1'#$"&($& /*#'*$&2!&9# !(')!#*'$&>" '+*'$(&

G9>H&V0!&.!&2!4!&0.$"&,$"$&2!.$""-(($"&0#&$()-"R 1-&

V0!&,!"1' $&,"!2!*'"&C&6$*!"&.!)0'1'!# -&$&($&3"4' $&



* * *

V0!&6$*!#&(-.&.$ /(' !.&$" '+*'$(!.&*-1-&(-.&,'*--
.$ /(' !.5&A-#*(0C!&1-. "$#2-& $()0#$.& B0#*'-#!.&

2!(&.-B W$"!&V0!&.!&2!.$""-((3%&1-. "$#2-&"!.0( $-
2-.&2!&2$ -.& .'10($2-.%&4$.$2-.&!#&,'*-.$ /(' !.&

V0!&$* 0$(1!# !&!. ;#&!#&3"4' $5

ABSTRACT

:6'.&$" '*(!&.6-W.& 6!&"!.!$"*6&"!.0( .&-#& "$*8'#)&

(-WJ!$" 6J-"4' .&GNMOH%& 6'.&,"-P!* &'.&,$" &-B& 6!&

A04!@$ J<D& -B&:!(!1!2'*'#!& T!.!$"*6& K"-0,&

K9:M?&$ & 6!&D'. "' $(&<#'=!".' C5&:6'.&,"-='2!.&$&

B"$1!&-B&"!B!"!#*!%&1! 6-2-(-)C%&$#2&+#2'#).&B"-1&

.0*6&"!.!$"*65&:6!&1$'#&-4P!* '=!&'.& -&2! !"1'#!&

 6!& !*6#'V0!&-B&>" '+*'$(&9# !((')!#*!&G>9H& -&4!&

0.!2& -&2!=!(-,&$#&$()-"' 61& -&,"!2'* &$#2& "$*8&

 6!&.$ !((' !.& 6$ &-"4' & 6!&$" '+*'$(&7'*-5&:6!&$" '*(!&

*-#*(02!.&4C&.6-W'#)&.-1!&B!$ 0"!.&-B& 6!&.-B W$"!&

 6$ &W$.&2!=!(-,!2%&.6-W'#)&"!.0( .&-B&.'10($ !2&

2$ $&4$.!2&-#&7'*-&*0""!# (C&'#&-"4' 5

1.   Introducci�n

M(&,"-C!* -&2!(&($#S$1'!# -&2!&0#&,'*-.$ /(' !&*-#&

-4P! '=-.& $*$2/1'*-.& V0!& ('2!"$& ($& E$*0( $2& 2!&

9#)!#'!"R$&2!&($&<#'=!".'2$2&D'. "' $(%&!(&*0$(&.!&6$&

2!#-1'#$&A-(-14'$&X%& '!#!&=$"'-.&1320(-.%&.'!#2-&

!(&2!&*-10#'*$*'-#!.&0#-&2!&!((-.5&@-4"!&!. !&13-
20(-&.!&6$&=!#'2-& "$4$P$#2-%&*"!$#2-&(-.&2'B!"!# !.&

.041320(-.&,$"$&.0&*-""!* -&B0#*'-#$1'!# -5&<#&

-4P! '=-&!.,!*R+*-&2!&!. !&1320(-&*-#.'. !&!#&6$*!"&

.!)0'1'!# -&$&($&3"4' $&V0!&2!.*"'4!#&(-.&,'*-.$ /-
(' !.%&$&(-&($")-&2!&.0& "$C!* -"'$%&0.$#2-& /*#'*$.&

2!&'# !(')!#*'$&$" '+*'$(5

M. !&,"-C!* -& !.&  "$4$P$2-& *-#P0# $1!# !& *-#& !(&

)"0,-&2!&'#=!. ')$*'3#&9LEMNAO?&YXZ&2!&($&<#'-
=!".'2$2&7!2$)3)'*$&C&:!*#-(3)'*$&2!&A-(-14'$&C&!(&

)"0,-&2!&'#=!. ')$*'3#&K9:M?&Y[Z&2!&($&<#'=!".'2$2&

D'. "' $(& E"$#*'.*-& F-./& 2!&A$(2$.5&M. !& $" R*0(-&

menciona los temas de la primera etapa de la investi-
gación correspondiente al fundamento teórico; estos 
*-# !#'2-.&,!"1' '!"-#&2! !"1'#$"&($& /*#'*$&2!&9>&

,$"$&0.$"5&7$"$&($&*-#. "0**'3#&2!&!. $&4$.!& !3"'*$%&

.!& 0='!"-#&!#&*0!# $&($.&;"!$.&C&2'.*',('#$.&2!(&*--
nocimiento como la estación terrena, las antenas, la 
1!*;#'*$&-"4' $(%&($.&2'B!"!# !.& /*#'*$.&2!&9>&C&!(&

.-B W$"!&0.$2-&,$"$&.'10($"&($&2!.*"',*'3#&2!&3"4' $.&

2!&.$ /(' !.&$" '+*'$(!.%&!# "!&- "$.5&

N$&"!$('S$*'3#&2!(&$()-"' 1-%&,!"1' '3&2!.$""-(($"&

$& ,(!#' 02& (-.& 2'B!"!# !.&-4P! '=-.&,($# !$2-.& !#&

esta investigación. Por último, se ven los resultados 
V0!&.!&-4 0='!"-#&$(&$,('*$"&!. $& /*#'*$&2!&9>&!#&!(&

.!)0'1'!# -&2!&3"4' $.&2!&,'*-.$ /(' !.5

2.   Marco referencial

N$.&  !-"R$.& BR.'*$.& .-#&10C& '1,-" $# !.& ,$"$& ($&

"!$('S$*'3#&2!(&$()-"' 1-\&!# "!&- "$.%& !#!1-.&($.&

N!C!.&2!&](!,!"&V0!&P0. '+*$#&!(&1-2!(-&6!('-*/#-
trico, según el cual los planetas giran alrededor del 
@-(&Y^Z%&Y_Z5

N-.& !(!1!# -.& ]!,(!"'$#-.& .-#& #`1!"-.& V0!&

,!"1' !#& *$(*0($"& ($.& 3"4' $.& 2!& (-.& .$ /(' !.5& @!&

#!*!.' $#& .'! !& #`1!"-.&,$"$& 2!+#'"& ($& 3"4' $& 2!&

0#&.$ /(' !5&M. !&*-#P0# -&2!&#`1!"-.&.!&2!#-1'#$&

!(!1!# -.&-"4' $(!.&-&a]!,(!"'$#-.b&U,-"&F-6$##&

]!,(!"& YXcdXJXe^fZU%& /. -.& .-#g& Epoch, Orbital 

Inclination, Right Ascension of Ascending Node, 

Argument of Perigee, Eccentricity, Mean Motion, 

Mean Anomaly y Drag&YcZ5&D!+#!#&0#$&!(',.!%&($&

-"'!# $#&*-#&"!.,!* -&$&($&:'!""$&C&04'*$#&!(&.$ /(' !&

en la elipse a un cierto tiempo determinado. En el 
1-2!(-&]!,(!"'$#-%&($.&3"4' $.&.$ !(' $(!.&.-#&1--
2!(-.&2!&B-"1$&C&-"'!# $*'3#&*-#. $# !.&YeZ%&YdZ5&

con-ciencias
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N$&1!*;#'*$&-"4' $(&.!&0.$&,$"$&2! !"1'#$"&($&B-"1$&

*-1-&.!&*-1,-" $&!(&.$ /(' !&!#&.0&3"4' $&$("!2!2-"&

2!&($&:'!""$&C&*31-&.!&2!.*"'4!#&($.&!(',.!.&*-1-&

0#&1-2!(-&BR.'*-&V0!&,!"1' !&=!"'+*$"&V0!&(-.&,'*--
.$ /(' !.&2!.*"'4!#&0#$&3"4' $&*'"*0($"&,-($"&YhZ5

@!)`#&7"-*6#-W%&A0,!" '#-&D0"i-&C&@*60*6&YjZ%&

a0#&.$ /(' !&$" '+*'$(&!.&0#&.'. !1$&V0!&)'"$&!#& -"#-&

$&#0!. "-&,($#! $b5&@!)`#&.0& $1$I-%&/. -.&,0!2!#&

.!"&*($.'+*$2-.&*-1-g

 !!@$ /(' !.&)"$#2!.g&,-.!!#&0#$&1$.$&2!&1;.&2!&

Xfff&])5

 !!@$ /(' !.&1!2'$#-.g&*0C$&1$.$&.!&!#*0!# "$&

!# "!&cff&])&C&Xfff&])5

 !!@$ /(' !.&,!V0!I-.&-&,'*-.$ /(' !.g&*-#&1$.$.&

1!#-"!.&2!&cff&])5

M(&A04!@$ &!.&0#&,'*-.$ /(' !&*-1,(! $1!# !&B0#*'--
#$(&*-#&B-"1$&2!&*04-&2!&2'!S&*!# R1! "-.&2!&($2-&

C&0#$&1$.$&2!&0#&8'(-)"$1-&YXfZ5&A-1-&*0$(V0'!"&

- "-& .$ /(' !%& !.& !(& "!.0( $2-&2!& ($& '# !)"$*'3#&2!&

=$"'-.&.04.'. !1$.%&(-&*0$(&(!&,!"1' !&((!=$"&$&B!('S&

 /"1'#-& .0&1'.'3#& YXXZ%& YX[Z5&D!# "-&2!&/. -.%& .!&

*0!# $&,"'#*',$(1!# !&*-#&(-.&.')0'!# !.&.04.'. !-
1$.g&!. "0* 0"$&1!*;#'*$&C& /"1'*$%&.01'#'. "-&2!&

,- !#*'$%&2! !"1'#$*'3#&C&*-# "-(&2!&$* ' 02%&1$#!P-&

2!&2$ -.&C&*-# "-(%&C&*-10#'*$*'-#!.5&

Las redes neuronales Backpropagation –o entre-
#$1'!# -& 6$*'$& $ ";.U& !.& 0#& .'. !1$& $0 -1; '*-&

de entrenamiento de redes neuronales con capas 
-*0( $.%& ,!"B!**'-#$2-& !#& ($& 2/*$2$& 2!(& -*6!# $&

YX^Z%&YX_Z%&YXcZ5&M#&!. !& ',-&2!&"!2!.%&!(&,"-4(!1$&

$&($&6-"$&2!&!# "!#$"($.&!. "'4$&!#&V0!&.3(-&($&.$('2$&

2!&($&"!2&C&($&!# "$2$%&2!&B-"1$&V0!&#-&.!&,0!2!#&

$P0. $"&(-.&,!.-.&.'#;, '*-.&$.-*'$2-.&$&($.&#!0"-#$.&

2!&($.&*$,$.&-*0( $.%&C$&V0!&#-&,-2!1-.&'#B!"'"&$&

partir del estado de la capa de salida como tiene 
V0!&.!"&!(&!. $2-&2!&($.&*$,$.&-*0( $.5&

El sistema de entrenamiento mediante backpropa-

gation&*-#.'. !&!#&YXeZg&

 !!M1,!S$"&*-#&0#-.&,!.-.&.'#;, '*-.&*0$(V0'!"$&

U)!#!"$(1!# !&!(!)'2-.&$(&$S$"5

 !!9# "-20*'"&0#&.04*-#P0# -&2!&2$ -.&2!&!# "$2$&

G!#&($&*$,$&2!&!# "$2$H&!(!)'2-.&$(&$S$"&!# "!&

(-.&2$ -.&2!&!# "$2$&V0!&.!&=$#&$&0.$"&,$"$&!(&

entrenamiento.

 !!D!P$"&V0!&($&"!2&)!#!"!&0#&=!* -"&2!&2$ -.&2!&

.$('2$&U,"-,$)$*'3#&6$*'$&2!($# !5

 !!Comparar la salida generada por la red con la 
salida deseada.

N$&2'B!"!#*'$&-4 !#'2$&!# "!&($&.$('2$&)!#!"$2$&C&

($&2!.!$2$&U2!#-1'#$2$&!""-"U%&.!&0.$&,$"$&$P0. $"&

(-.&,!.-.&.'#;, '*-.&2!&($.&#!0"-#$.&2!&($&*$,$&2!&

.$('2$.&YXdZ%&YXhZ5&M(&!""-"&.!&,"-,$)$&6$*'$&$ ";.&

GbackpropagationH%&6$*'$&($&*$,$&2!&#!0"-#$.&$#-
 !"'-"%&C&.!&0.$&,$"$&$P0. $"&(-.&,!.-.&.'#;, '*-.&!#&

!. $&*$,$5&@!&*-# '#0$&,"-,$)$#2-&!(&!""-"&6$*'$&

$ ";.&C&$P0. $#2-&(-.&,!.-.&6$. $&V0!&.!&$(*$#*!&($&

*$,$&2!&!# "$2$.&YXjZ%&Y[fZ5

M. !&,"-*!.-& .!& "!,! '";& *-#& (-.&2'B!"!# !.&2$ -.&

2!&!# "!#$1'!# -5&M(&1/ -2-&,-"&!(&*0$(&!(&!""-"&!.&

,"-,$)$2-&6$*'$&$ ";.&B0!&2!.*04'!" -&,-"&D5M5&T0-
1!(6$" %&K5M5&k'# -#&C&T5F5&l'(('$1.&!#&Xjhe%&C&*$.'&

$(&1'.1-&$(& '!1,-&,-"&7$"8!"&C&N!&A0#&YX^Z5

3.   Metodolog�a

M(&,"-C!* -&.!&"!$('S3&!#&=$"'$.&! $,$.%&!#&($.&*0$(!.&

.!&2!.$""-(($"-#&=$"'$.&$* '='2$2!.&$.Rg

3.1     Fase 1. Requerimientos preeliminares

M#&!. $&,"'1!"$&! $,$&.!&6'S-&0#&!. 02'-&2!(&!. $2-&

2!(&$" !&.-4"!&($&*'!#*'$&C&($& !*#-(-)R$&$!"-!.,$*'$(&

!#&A-(-14'$%&.!&*-#-*'!"-#&(-.&2'B!"!# !.&,"-C!* -.&

V0!&.!&6$#&2!.$""-(($2-&!#&*0$# -&$(&($#S$1'!# -&2!&

,'*-.$ /(' !.&*-1-&N'4!" $2&X%&2!&($&<#'=!".'2$2&@!"-
)'-&>"4-(!2$%&A-(-14'$&X%&2!&($&<#'=!".'2$2&D'. "' $(&

con-ciencias
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E"$#*'.*-&F-./&2!&A$(2$.%&!#&!(&V0!&.!&"!='.$"-#&*$2$&

0#-&2!&.0.&1320(-.g&2$ -.%&*-# "-(&2!&$* ' 02%&*-10-
#'*$*'-#!.%&  !(!1! "R$&C&*-# "-(%&,- !#*'$%&!. $*'3#&

terrena, entre otros. 

N0!)-%&.!&2! !"1'#3&V0!&,$"$&2!.$""-(($"&!(&-4P!-
 '=-&)!#!"$(&2!&!. !&,"-C!* -&.!&2!4R$&*-#-*!"&!(&

.-B W$"!&!m'. !# !&!#&($&.'10($*'3#&C&.!)0'1'!# -&

2!&3"4' $.&2!&.$ /(' !.\&*-#-*!"&($.&2'B!"!# !.& /*-
#'*$.&2!&'# !(')!#*'$&$" '+*'$(&!m'. !# !.&,$"$&6$*!"&

,"!2'**'3#\&2!*'2'"&V0/& /*#'*$&0.$"&C&*-#-*!"&($&

1!*;#'*$&-"4' $(&*-#& -2$.&.0.&B3"10($.&#!*!.$"'$.&

,$"$&2!.$""-(($"&!(&,"-C!* -5

3.2     Fase 2. Diseño preliminar

7$"$&"!$('S$"&0#&,"'1!"&2'.!I-%&!#&,"'1!"$&'#. $#*'$%&.!&

,"-*!2'3&$&!. 02'$"&($.&2'B!"!# !.& /*#'*$.&2!&'# !(')!#-
*'$&$" '+*'$(&*-#&!(&-4P! '=-&2!&2!*'2'"&*0;(&2!&!(($.&.!&

2!4R$&0 '('S$"5&@!&6'S-&0#$&*-1,$"$*'3#&2!&!. $.& /*#'-
*$.&C&.!& -13&($&2!*'.'3#&2!&!# "!#$"&0#$&"!2&#!0"-#$(&

GTLH%&4;.'*$1!# !%&,-"V0!&,!"1' !&6$*!"&,"!2'**'3#&

2!&0#$&B-"1$&1;.&!+*'!# !%&$2!1;.&,-"V0!&!.&($&1;.&

0.$2$&!#&!. !&  ',-&2!&,"-C!* -.5&A-1-&"!.0( $2-&2!&

!. !&!. 02'-&.!&2! !"1'#3&V0!& ($.& "!2!.&#!0"-#$(!.&

backpropagation&*01,(R$#&*-#&($.&!m,!* $ '=$.&,$"$&

!(&2!.$""-((-&2!(&,"-C!* -5

3.3     Fase 3. Integración y programación

N$&! $,$&2!&,"-)"$1$*'3#&'#'*'3&6$*'!#2-&0#$&.'10-
($*'3#&2!&($&B-"1$&*-1-&0#&,'*-.$ /(' !&)'"$&$("!2!-
dor de la :'!""$5&@!&!# !#2'3&*-1-&0.$"&($.&=$"'$4(!.&

C$&!. 02'$2$.&!#&($.&! $,$.&$# !"'-"!.5&<.$#2-&F$=$%&

*-1-& (!#)0$P!&2!&,"-)"$1$*'3#&,$"$&1-2!($"& !(&

$()-"' 1-&Y[XZ%&.!&*"!3&0#$&TL%&($&*0$(&!. ;&4$.$2$&

!#&0#&$"*6'=-&'#'*'$(&*-#&B-"1$ -&L>@>&GNational 

Aeronautics and Space AdministrationH%&V0!&.!&0.$&

para tomar datos iniciales tanto de simulación como 
2!&,"!2'**'3#%&(-&*0$(&,!"1' !&*01,('"&*-#&!(&-4P! '=-&

,($# !$2-&!#&!. !&,"-C!* -5&>&($&6-"$&2!&'1,(!1!# $"&

($&TL&*-1-&,$" !&2!(&.'. !1$&'#B-"1; '*-%&.!&2!.$-
""-(($"-#&($.&.')0'!# !.&B$.!.&4;.'*$.g&

 !!D'.!I-g&!#&!. $&B$.!&.!&!(')'3&!(& ',-&2!&TL&,-"&

usar, en este caso backpropagation. 

 !!M# "!#$1'!# -g&!#&!. $&B$.!&.!&(!&,"!.!# $"-#&$&

($&TL&0#$&.!"'!&2!&2$ -.&2!&!# "$2$&C&2$ -.&2!&

.$('2$&G"!.0( $2-.H%&,$"$&V0!&$&,$" '"&2!&!((-.&

pudiera aprender.

 ! !<.-g&2!.,0/.&2!& (-&$# !"'-"%&.!&.01'#'. "$"-#&

($.& !# "$2$.& ,!" '#!# !.& $& ($& "!2%& C& /. $& )!-
#!"3& ($.& .$('2$.& !#& B0#*'3#&2!& (-&V0!& ($& "!2&

6$4R$&$,"!#2'2-&!#& ($& B$.!&2!&!# "!#$1'!# -5

3.4     Fase 4. Pruebas

D!.,0/.&2!&2!.$""-(($"&!(&$()-"' 1-&2!&.!)0'1'!# -&

2!&3"4' $.%&.!&6'*'!"-#&,"0!4$.&2!&.'10($*'3#&*-#&

2$ -.& "!$(!.&2!&,'*-.$ /(' !.& ($#S$2-.&$(&!.,$*'-5&

M. $.& ,"0!4$.& ,!"1' '!"-#&=!"'+*$"& C& *-""!)'"& !(&

.-B W$"!%& ($&TL&C& (-.& *;(*0(-.&V0!& .!& "!$('S$"-#&

,$"$& -4 !#!"& (-.& "!.0( $2-.& !.,!"$2-.5&M. $& B$.!&

,!"1' '3&($&*-1,"-4$*'3#&2!&(-.&-4P! '=-.&,"-,0!.-
 -.&*-#&"!.,!* -&$(&0.-&2!& /*#'*$.&2!&'# !(')!#*'$&

$" '+*'$(&!#&($&,"!2'**'3#&2!&-"4' $.&NMO&2!.*"' $.&

,-"&,'*-.$ /(' !.5&

4.   Resultados

A-1-&"!.0( $2-&2!&!. !&,"-C!* -&.!&2!.$""-((3&0#&

$()-"' 1-&4$.$2-&!#&0#$&TL&V0!& B0#*'-#$&2!& ($&

.')0'!# !&B-"1$g&!#&($&+)0"$&X%&.!&=!&0#&2'$)"$1$&

2!&n0P-&2!(& $()-"' 1-&V0!&10!. "$&  "!.& ,"-*!2'-
1'!# -.g&(!* 0"$&'#'*'$(&2!&L>@>%&$#;('.'.&2!&2$ -.&

2!&(-.&/m' -.&C&04'*$*'3#&2!&$# !#$.5&M(&$()-"' 1-&

*-# !1,($&=$"'$.&! $,$.&V0!&,!"1' !#&,"!2!*'"&($&

3"4' $&2!&(-.&.$ /(' !.g&

con-ciencias
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4.1     Lectura inicial NASA

El algoritmo como punto de partida tiene la lectu-
"$&!(&*32')-&L>@>%&2$2-&,-"&!(&($#S$2-"\&$*;&.!&

!#*0!# "$#&($.&=$"'$4(!.&'#'*'$(!.%&0#$&=!S&(!R2-&!(&

*32')-%&.!&,"-*!2!&$&"!$('S$"& -2-.5&

4.2     Análisis de datos

M#&!(&,"-*!2'1'!# -&$#;('.'.&2!&2$ -.&2!&/m' -&.!&0 '-
('S$&0#$&TL&C&/. $&B0#*'-#$&2!&($&.')0'!# !&B-"1$g

con-ciencias
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M#&($&+)0"$&[%&.!&!#*0!# "$&0#&1-2!(-&2!&TL&*-#& "!.&

*$,$.g&2!&!# "$2$%&'# !"#$&C&.$('2$5&>&(-&($")-&!. $.&*$,$.&

!m'. !#&#!0"-#$.&V0!&6$*!#&B0#*'-#!.&!.,!*R+*$.&$.Rg

$5&M#& ($& *$,$&2!& !# "$2$g&  -1$&!(& *32')-&L>@>&

-& !(& *-#-*'1'!# -& )!#!"$2-&,"!='$1!# !& V0!& .!&

!#*0!# "$&!#&($&4$.!&2!&*-#-*'1'!# -.&2!&($&TL&C&

(-&(!!5&M(&+( "$2-&=!" '*$(&*-#&0#&)"$2-&2!&,"!*'.'3#&

)!#!"$&($&3"4' $&2!(&.$ /(' !&C&(-.&'# !"=$(-.&2!&.!I$(&

*-#&0#$&,"!*'.'3#&2!&0#&)"$2-&$,"-m'1$2-&2!# "-&

2!&($&!(',.!&V0!&2!.*"'4!&!(&.$ /(' !5

45&M#&($&*$,$&'# !"#$g&!(&+( "-&=!" '*$(&*-#&0#&.!-
)0#2-&2!&,"!*'.'3#&)!#!"$&(-.&'# !"=$(-.&2!&.!I$(&

*-#&0#$&,"!*'.'3#&2!&0#&.!)0#2-&$,"-m'1$2-&!#&($&

3"4' $&2!(&.$ /(' !5&N$&'# !",-($*'3#&2!& '!1,-.&'#-
2'*$&!(& '!1,-&'#'*'$(&C&+#$(&!#&($&3"4' $&2!(&.$ /(' !&

C&!(& '!1,-&'#'*'$(&C&+#$(&!#&($&3"4' $&2!&($&:'!""$5&

M(&+( "$2-&6-"'S-# $(&*"!$&0#$&#!0"-#$&,$"$&+( "$"&

*$2$&.!)1!# -&2!& '!1,-&V0!&"!,"!.!# $&($&=!# $#$&

2!&.!I$(&C&2! !"1'#$&*0;(!.&C&V0/&,$" !.&.!&0.$";#%&

C$&V0!& -2-.&#-& '!#!#&.!I$(5&A"!$&0#$&#!0"-#$&,-"&

*$2$&.!)1!# -&V0!&.!&=$&$&+( "$"5

*5&M#&($&*$,$&2!&.$('2$g&#!0"-#$&2!&.$('2$5&:-1$&(-.&

=$(-"!.&-4 !#'2-.&!#&!(&`( '1-&+( "$2-&C&(-.&10!. "$

!#&B-"1$ -&k:?N&GHyperText Markup LanguageH&

*-#=!#*'-#$(&,$"$&.!"&!# !#2'4(!&C&)!#!"$&!(&#0!=-&

conocimiento.

4.3     Ubicación de antenas

7-"&̀ ( '1-%&.!&2!4!#& -1$"&(-.&"!.0( $2-.&C&((!=$"(-.&

$(& 6$"2W$"!& V0!& ,!"1' '";&1-=!"& ($.& $# !#$.& 2!&

B-"1$&'# !(')!# !%&.!&2!4!&2!. $*$"&V0!&!. !&1320(-&

.!&!. ;&'1,(!1!# $#2-&$* 0$(1!# !5

4.4     Seguimiento de órbita de  
picosatélites (SOP)

M(&.-B W$"!&"!.0( $# !&2!#-1'#$2-&@!)0'1'!# -&2!&

Ó"4' $.&2!&P'*-.$ /(' !.&G@O7H&!.&0#&.'. !1$&V0!&

,"!2'*!& (-.&1-1!# -.& !#& V0!& 0#& .$ /(' !&  !#2";&

$(*$#*!& 2!& .!I$(& .-4"!& 0#$& !. $*'3#&  !""!#$%& !#&

,$" '*0($"5&N$&,"!2'**'3#&.!&6$*!&4$.$2$&!#&!(&B-"-
1$ -&L>@>&-4 !#'2-&2!&($&!# '2$2&!#*$")$2$&2!&

6$*!"&!(&($#S$1'!# -&2!(&,'*-.$ /(' !5&M. !&B-"1$ -&

,!"1' !&.'10($"&!(&*-1,-" $1'!# -&2!(&,'*-.$ /(' !&

$("!2!2-"&2!&($&:'!""$%&4$.$2-&!#&($.&=$"'$4(!.&!#-
*-# "$2$.&!#&2'*6-&B-"1$ -5
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28 Tecnura   año 12   No.24   primer semestre de 2009

Figura 2.&T!2&#!0"-#$(5



@O7&,!"1' !&!.*-)!"&0#&,'*-.$ /(' !&G+)0"$&̂ H&2!&0#$&

('. $&V0!&!(&0.0$"'-&,0!2!&*"!$"\&$2!1;.%&10!. "$&2!&

B-"1$&2! $(($2$&($.&=$"'$4(!.&0.$2$.&!#&(-.&*;(*0(-.&

de preedición. Por último, permite almacenar los 
/m' -.&-&,"!2'**'-#!.&*-""!* $.&!#&0#$&4$.!&2!&2$ -.&

0.$2$&,$"$&6$*!"&($.&,"3m'1$.&,"!2'**'-#!.5

N$&!. $*'3#& !""!#$%&!#&!. !&*$.-&2!&:0#P$&Go-C$*;%&

A-(-14'$H&G+)0"$&_H&!. $";&04'*$2$&!#&($.&.')0'!#-
 !.&*--"2!#$2$.g& ($ ' 02&#-" !g&c5cc[p&C&d^5^cecp&

2!&(-#)' 02&-!. !&$&0#$&$( 0"$&2!&[5d[^&1&.-4"!&!(&

nivel del mar.
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Figura 3.&@!(!**'3#&2!&0#&.$ /(' !5

Figura 4. Estación terrena.



M(&*32')-&L>@>&G=!"& $4($&XH&0 '('S$2-&,$"$&!. $&

,"0!4$&!.&!(&.')0'!# !g

L`1!"-&2!&(R#!$qX X

L`1!"-&2!&*$ ;(-)-qX [_jfc

A($.'+*$*'3#&2!&.!)0"'2$2 <

92!# '+*$*'3#&'# !"#$*'-#$( jdf_^A&

>I- f^

DR$&2!(&$I- f[j

E"$**'3#&2!(&2R$ 5ddf^d[^[

@')#-&,"'1!"$&2!"'=$2$ +

:$.$&2!&2!*$'1'!# - 5fffffXjX

@')#-&.!)0#2$&2!"'=$2$ +

@!)0#2$&2!"'=$2$ fffff

Mm,-#!# ! Jf

@')#-&o@:>T +

o@:>T efjd[

Mm,-#!# !&o@:>T -4
:',-&MB!1/"'2!. f

L`1!"-&2!&!(!1!# - ff_^

A6!*8.01qX d

L`1!"-&2!&(R#!$q[ 2
L`1!"-&2!&*$ ;(-)-q[ [_jfc

9#*('#$*'3#&O"4' $( f^e5hjdj

>.*!#*'3#&T!* $ [jf5c^hd

Mm*!# "'*'2$2 f5fff[d[_

Perigeo fch5c_ec

Anomalia media ^fX5cjjf

T!=-(0*'-#!.&2R$ X_5^_[Xhjee

T!=-(0*'-#!.&$&($&B!*6$ [h_jj

A6!*8.01q[ 4

>(&')0$(&V0!&($.&.')0'!# !.&=$"'$4(!.g

Periodo ef[_5Xh_d^^hed[

N-#)' 02&2!&.!1'!P!&1$C-" Xf_hf5__X_fj[cdhXj

N-#)' 02&2!&.!1'!P!&1!#-" Xf_hf5__Xf[f_[_[X[

A-#&(-.&$# !"'-"!.&2$ -.&.!&-4 0='!"-#&(-.&.')0'!# !.&

"!.0( $2-.%&V0!&*-""!.,-#2!#&$& (-.& .!'.&,"'1!"-.&

1-1!# -.g

Tiempo en la estación
Latitud 

Satélite

Longitud 

Satélite

@$ &F$#&Xd&[[g^[g[X&AO:&[ffj c^5c^eh d[5cf[e

@$ &F$#&Xd&[[g_Xg__&AO:&[ffj e5e_^e Xfe5X_hj

@0#&F$#&Xh&ffgXXg_j&AO:&[ffj cd5__X^ ej5Xccj

@0#&F$#&Xh&ffg[dg[^&AO:&[ffj J[X5edfff X[_5jd_X

@0#&F$#&Xh&fXgc^gcX&AO:&[ffj cf5ceXc d_5jc[h

@0#&F$#&Xh&f[gXfgc_&AO:&[ffj J^d5_hd_j X^e5fhjj

@0#&F$#&Xh&f^g^dgX[&AO:&[ffj ^e5d[hc hc5c^fh

@0#&F$#&Xh&f^gc^gf[&AO:&[ffj J_c5dc_e X_[5^fc[

@0#&F$#&Xh&fcg[[gX[&AO:&[ffj X[5hcej Xf[5f[c^

@0#&F$#&Xh&fcg^^gXX&AO:&[ffj J__5cj^[ X_X5_fhh

@0#&F$#&Xh&XXgfdg_j&AO:&[ffj J_[5_efc [eX5[h^^

@0#&F$#&Xh&XXgXdgX_&AO:&[ffj e5ddjd [jc5ffh_

>(&$#$('S$"&(-.&2$ -.&2!&'#'*'-&2!(&,"'1!"&1-1!# -&

G $4($&[H%&.!&-4.!"=$&V0!&!(& '!1,-&2!&'#'*'-&!#&($&

!. $*'3#&!.g&@$ &F$#&Xd&[[g^[g[X&AO:&[ffj%&($&($-
 ' 02&2!(&.$ /(' !&!.&2!&c^5c^ehXhX^_[cdj^r%&C&($&

(-#)' 02&2!(& .$ /(' !& !.& 2!&d[5cf[e[ejXcefjecr5&

M(& '!1,-&+#$(&2!(&,"'1!"&1-1!# -&2!&($&!. $*'3#&

!.&@$ &F$#&Xd&[[g_Xg__&AO:&[ffj%&.')#'+*$&V0!&!(&

,"'1!"&1-1!# -& '!#!&0#$&20"$*'3#&2!&j&1'#0 -.&

con 23 segundos, en los cuales la estación terrena 
 !#2";&*-# $* -&*-#&!(&,'*-.$ /(' !5&N$&($ ' 02&2!(&

.$ /(' !&!.&2!&e5e_^ejdeXdffcjj_r%&(-&V0!&.')#'+*$&

V0!&!#&(-.&j&1'#0 -.&*-#&[^&.!)0#2-.&!(&.$ /(' !&

$=$#S-&_e5hjr&C&($&(-#)' 02&"!($ '=$&2!(&.$ /(' !&!.&

2!& Xfe5X_hj[ef_fXd_[dr5&D!& *$2$&1-1!# -& .!&

-4 '!#!#&"!.0( $2-.& $# -&,$"$&!(&,!"'-2-&2!&!# "$2$&

*-1-&,$"$&!(&2!&.$('2$5&M#&($& $4($&^%&.!&-4.!"=$#&

los datos del primer momento.
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Tabla 1.&MP!1,(-&A32')-&L>@>5

Tabla 2.&T!.0( $2-.&2!&($&,"!2'**'3#5



Propiedades Entrada Salida

 !"#$%&'()*+!)" ,-./0.123 ,./.03,3,

 !"#$%&"')(4!56 ,1&778-787,& ,1&7789,899&

:()!);<&'()*+!)" /-0/-=2 =0=9-=

:%6>!);<&?"+()!@(&'()*+!)" 170/37= ,3=0,92.

Latitud estación /0//7 /0//7

Longitud relativa estación /,099-, /-012.,

A!')(64!(&'()*+!)"&"')(4!56 /709371 /70-1,,

A!')(64!(&(+&B%4% ,39230,,-= ,392,01-..

CD!#;) E7-0=.// E22023//

Elevación 2.0-9-3 2.0-9-7

5.   Conclusiones

:(&)*46!4(&<"&FC&"'4%>!<(&$"?#!)!5&<"'(??%++(?&;6&
'!#;+(<%?&4($(D&<"&$?"<"4!?&4%6&;6&(+)%&>?(<%&<" 

$?"4!'!56&+(&5?G!)(&H;"&<"'4?!G"6&+%'&$!4%'()*+!)"'&
(+?"<"<%?&<"&+(& !"??(0&I+&<"'(??%++%&<"+&(+>%?!)#%&
$"?#!)"&J(4"?&$?"<!44!56&<"&+(&5?G!)(K&"')"&(+>%?!)#%&
"'&;)!+!D(<%&"6&"+&<"'(??%++%&<"&%)?%'&#5<;+%'&<"+&
$?%L"4)%&M;G"'()ENAO&$"?#!)!"6<%& "+& (@(64"& "6&
"')"&$?%L"4)%&<"&!6@"')!>(4!560

C+&?"@!'(?&+(&!6B%?#(4!56&(4"?4(&<"&)*46!4('&<"&FC&
;)!+!D(<('& $(?(& J(4"?& $?"<!44!56O& 4%#%8& (>"6)"'&
inteligentes, redes neuronales, lógica difusa, agen-
)"'&?(4!%6(+"'O&"6)?"&%)?%'O&'"&<"P6!5&;'(?&QR&<"+&
tipo backpropagation&$(?(&$?"<"4!?& +(&5?G!)(&H;"&
<"'4?!G!?S&"+&$!4%'()*+!)"&"6&"');<!%O&GS'!4(#"6)"&
$%?H;"&$?%$(>(&"+&"??%?&J(4!(&()?S'&<"'<"&+(&4($(&
<"&'(+!<(&J(')(&+(&<"&"6)?(<(O&$(?(&('T&$"?#!)!?&+(&
(<($)(4!56&<"& +%'&$"'%'O&(&P6&<"&?"<;4!?&"+&"??%?&
en la predicción. 

U"&$?%$%6"&$(?(&B;);?('&!6@"')!>(4!%6"'O&"+&<"'(??%-
llo de algoritmos inteligentes para el movimiento 
<"&+('&(6)"6('&"V!')"6)"'&"6&+('&"')(4!%6"'&)"??"6('&
+!>(<('&(+&$?"'"6)"&$?%L"4)%0

 !"!#!$%&'()*&*+&,-#./%'(

W,X&&&&&&&Y?;$%&<"&F6@"')!>(4!56&"6&F6B%?#S)!4(O&I+"4E
)?56!4(&L&M%#;6!4(4!%6"'&<"&+(&N6!@"?'!<(<&
Z"<(>5>!4(& L& "46%+5>!4(& <"&M%+%#G!(O&
 ;6[(O&\%L(4S0&A!'$%6!G+"& "68& J))$8]]'!)"'0
>%%>+"04%#]'!)"]!6B"+4%#]

W7X&&&&&Y?;$%&<"&F6@"')!>(4!56&<"& "+"#"<!4!6(&<"&
+(&N6!@"?'!<(<&A!')?!)(+& ^?(64!'4%& _%'*& <"&
M(+<('O&\%>%)(&AM0&A!'$%6!G+"& "6& J))$8]]
>!)"#0;<!')?!)(+0"<;04%]

W-X& & & Z?())O&  !#%)JL& (6<&`%')!(6O& MJ(?+"'&a0&
Satellite Comunications0& I<!)%?!(+& _J%6&
a!+"L&b&U%6'O&U!6>($%?"O&73390

W9X& & & Z0&c%%?"0&The Data Book of Astronomy. 
F6')!);)"& %B& $JL'!4'& $;G+!'J!6>&\?!')%+& (6<&
ZJ!+(<"+$J!(O&ZJ!+(<"+$J!(O&NUCO&73330&

W/X&&&&&&C0&_(#(+!$%;?0&Low Earth Orbital Satellites 

for Personal Communication Networks. 
C?)"4J& `%;'"O& FRM0& :%6<%6O& I6>+(6<O&
,..20&

W=X&&&&&&&&C+#!6<"O&\!'>((?<&L&%)?%'0&The AAU-Cubesat 

Student Satellite Project: Architectural 

Overview And Lessons Learned0&C(+G%?>&
N6!@"?'!)LO& 73390& A!'$%6!G+"& "68& ddd0
' );<"6 ) '$(4" 0 ((; 0<e ]$;G + ! 4( ) ! %6' ]
CCNM;G"'()Z?%["4)0$<B

W1X&&&&&&&&c;e;6<&Q0&Z()"+0&Spacecraft Power Systems. 
MQM&Z?"''O&a('J!6>)%6O&A0MO&N6!)"<&U)()"'&
%B&C#"?!4(O&733/0

W2X&&&&&&c0&f@!+(0&Mecánica Celeste0&U"#!6(?!%&c"E
4S6!4(&5?G!)(+O&733.0&
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Tabla 3.&A")(++"'&<"&+(&$?"<!44!56&<"+&$?!#"?&$"?!%<%0



W.X&&&&&&&U0:0&Z?%4J6%dO&g0U0M0&A;?h%&(6<&R0_0&U4J;4J&
R0_0&c!6!();?!D(ih%&A"& U()*+!)"'0& M"6)?%&
Q">!%6(+&U;+&<"&Z"'H;!'('&I'$(4!(!'&j&MQUZI]
FRZI&j&cM O&733=O&$0&,30

W,3X& & gJ)(O& (#(#%)%&L&%)?%'0& J"&N6!@"?'!)L&%B&
`(d(!!&M;G"U()8&C6&N6<"?>?(<;()"&U);<"6)&
U()"++!)"& Z?%["4)0& M%++">"& %B& I6>!6""?!6>&
N6!@"?'!)L& %B& `(d(!!& ()&c(6%(O& 73320&
A!'$%6!G+"& "68& J))$8]]dddE""0"6>0J(d(!!0
"<;]k4;G"'()]<%4']&N`M;G"U()B%?NUUU0$<B0

W,,X& & 0&l!e;>(d(0&Systems Integration and Sta-

 !"!#$%!&'( &)( $( *+ ,-$%.( /,0$1%2,'%( &)(

Electrical Engineering, University of Hawai’i 

at Manoa Honolulu0& 73310&A!'$%6!G+"& "6&
ddd0'$(4">?(6)0J(d(!!0"<;]?"$%?)'],/m
^C3/EUZ3=]&l!e;>(d(m L'%6m^C0$<B0
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