
SCHOOL OF ENGTNECRJNG A},lD ENGfNEEJUt0G TECHNOLOGY, 

FEDERAL L'Nr\'ES~T\" OF ·-rECHNOLOC;\',. 

rvHl'fNA, NIGER ST A.TE. 

\1;\RCH,20\0 



r "1\.n:)."s L~ fZ--' C·r ). \,-f,\ TLn"::rv~ /'- Tr(' /;, I, hfo{)" ~}r)1 (~r:: "," I~ Trd .~ IT'I) .L~.i.:. :{ (.;_l·-\.~"",.~ . .... 1.~.;1 ' f:.rt{"\. J 1.Lt ... l .'J . ..:"'\. i ~. _ ..... <."\..1 .... l >l~ .. "1. .. r.~· . .l.., ".f~. <.).l .... \.11_ .. {.. .. ;.s .. ,f.:~ It.,: 

GR()UNI) C()NTRC)L STA'fl()r...J 

OGUJ'{DELE, DANIEL A, )'ANSOL/\ 

(Tvf,ENG.!SELrm7iI665) 

A TH,FSfS SUBMrrfEDTO 

TJ-IE POST GRArru l\TE SCHOOl,., 

FEDERAL l)NIVERSrry or TECHNOLOG\·., 

iN PAftfL\J. FULFEJdH--rr FOR THEREQUTRFJvtFN''f FOR TIfE /\\V/dtD Of M,\STER 

OF ENGINEEFJ.NG (i\J.ENG.) DEGREE iN COM~lUN!C/\I·rONENGJ}{FFRJNG. 

\iARCR 2010 



DECLARATl(}N 

~1 ~ V"t--l V e t..-e t> AN 1 e. ~ .. i''h;,. Y."'(.~ p--" <4 $; C L A" 
.' ,~,,_ .~ '" " .• ,,,., ...... " .• ,'" ,. ,-''' yJ'<' -' '". -'" ...... ,,' , ... , 



CERllF1CAflON 

,', .;~ '. " .. : ..... 

t 
;= ..... { 

.. fbl \/ 
I~rof. (). l)sifn 

:'.~:': .. :'. :~'" .7 .... : 

<, •• , , •••• _ ••••••••••••••••••••••.•.•• 

Prof. 8.L L.ilT1Fri 



DEDICATIO}-l 

educated and her encolll"agenW111 when alive To my family, who inspire, .nd underdands with 

Tne. 



studies:. 



ABSTRACT 

The ;x.mvnt SndEte Gff\qwI ('of·rnc,j \l:>tk)n i>~ '''~rv ,·.r<'~H"k'" {";pri ,··ntn~·>lic(,·<t}>/l Tl);:,; ;\~." .. ,.,,;:{,.<'<> , -.,,~ '. ~ ,.,.h./ , .• '" , .. ,.,. ''-"'.' ... k·'·' ,., .. ,' .... <-- ''''''''t' ... ',' ,. ',,,, .... " .. , ,.""., wL .. "'-' 

n<cessitatt.a the need to devdop a simplified lUodel of Salellite Geound Control Station thal wiIi 
't.<" ~'a,:dy il!i'te'fstn{l"" hv trw (';n";r'~<n-fC:. ,-,f ~b<-; >;;",n'~l<)'~"; T'h") '~f'fnn~,' {,J <:11i~;; th''''::;':;'' l' <<> <-;."':','. ;,"cr

i 
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Mathematical Model of Satellite Ground Control Station, ;, to develop mathematical models of 
the ditTerelrt components of a SatAlite Ground Con""l Stat''''', w linearize the modd, and to \-.'<'l;,d<:~," .j 1',' 'T,n;;;~l:,; fl'~~'1'r .:"'{><"f'i,..".','·,e.r ,~,-,;;;<s't.':'i-l ;,)., ... <,,,;;:,·;:·{~q""n'·>' ,;;,n ".'<'; ,"~ 'i"I' <;pn" 'rh"t ., "'I' ,·,".f·,i
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assumptions arB valid and to estabiish «>uIidenee in the modeL The behaviour or SaleHi!" 
Gr"und Cont",l S11ll'on ",odds developed was de.cribed u.ing qualitative and quantit;>tive 
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lhat at the visible reginns, (0 S y, S 1A1'll md} and (4Jl6% S y, S (,,2H40 "'Hi), the 
system is weil llnearherl because the effects of noi,e and inlerference are minimAl but at the 
invisible region, (lA191 < Y < 4,8695 rad) , the 'ystem was not well lin~",,\zetl due to the 
;rd

1
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using quantitative a",lysis and the resuits obtained thruugh the valid.!inn s;,,,w ,hat the 

f,,:,jc,'1<'1
i
"{ v"h'''~, Vii"'''' t'\ ;''OJ)f~Y'''''!i~~;'' 'V"'l' i·l~<-; S;,"(l;<h,j't,;,-l ;i·"·l"p,, ,.{, .. ,,>.<.v, .. . ,",." ..... ,< .>v>.<... . . " ... , •..• ~<.. ,H' ',J < ,{ .,. ,.h ,,',' "'W" , .. 3 ,,,!,,,.,,., .. 



CHAPTER Or'1F 

1, ~.2 

. .-, 
,~, 

~ ..... .'''} 
~ ,.,f.,. » . 

. 2.3 

! .3 

1 ... '; 

, ..... 
"'! 

\iT! 

X.l; 



14 

14 

15 

CHAPTFRT\VO 

20 REViE\V OF KELLV.ANT UTEKynJRF 

17 

2.6· 

.. ~~ ..... 
f.. : 

29 



" j ,-

"':> .. : .,"-: 
.).3. ... ::, 

3.2.2 

.... , .,~ 

.~. ,) 

.~ .... . ~ . 
. ). J .. ':::' 

3,].3 

3.4 

RF Subsystem 

.34 

... " 

,)0 

40 

5.4 

54 

S6 

57 

62 

67 

6g 

70 



CD.APTER FOUR. 

4.0 RF,S 1.)1 .. ';' S 

·tl 

4 .. ~? 75 . ~.' 
;'i .~. 

4.,4 79 

4.5 

84 

D1SCI)SS!ON. CONCUJSJONS A,ND RECOi\1\1ENDA'{IONS 

~~-... :.. . 

.~" 89 

S.13 

(irowd Control Swtion 96 



APPEND!CES 

REFERENCES 

:d 

96 

98 



Tabk 

4 1 

4.3 

l .< . ... .: ... ~ 

4.5 

LfS'T OF T/\HLES 

73 

78 

81 



LJST OF FKdJRFS 

{", 

)1 19 

2.4 

42 

47 

].5 55 

57 

xiv 



62 

6J 

4 

'/"·4 

4.2 /) 

80 

4.6 

xv 



.AHBREVLATHJNS i\ND S '{l'dBOLS 

APe 

AHRS 

A.SK 

ATS 

AOCS 

BER Bit Erfor Rate 

BPr Band··pass hLer 

('eERS 

eFR 

CO\1S 

COTS Cornmcfcid·off.·the··Sbdf 

DF"R 

LeSE 

F!RP 



CEO 

CPS 

Gsrc 

CSO 

(yTDS GSFC's 

Gt.'! 

BP;\. 

EST 

HI 

rFR 

lTC' 

ISlalion 

LEO 

\·iCC 

rAcdiurn FaIth Orhit 



NASDA 

NC:C) 

P\1 

PODS 

PSK 

Rf 

RR 

RW 

SnU{ 

sec 

SDR 

SGCS 

SS.OL 

l(T/!P 

TC&R 

TT&C 

r)/\"s 

UT1;\S/SFL 



Ax 

aft '\ ..... ". / 

IF sum, signal 

i 
$. ~: 



P. ,. 

p >.q 

-'I' 
, $-

\i;. 'li>'~ '-':;-;"~"'l <-'" 'l",;"6'. r-"t<'" (..-~Q\ ~ 0 ..... ~.' :);:;:;L);'(. ::. .... :; . ..... ~ .. >-;"... "0 O::5. .. H.· ~ ~~~:).{ 



Phase delay 

{j) , K 



l r'N'f' ~. n ~.l.' r'T") ;;.~ ~ 'n n'f\ 1 A'T~(' (., ~ f\ ~(y')r" ~ f)r" ·S' ~ 'r ~ f J iTT.' .t.~l. ~ t:·f'-I:;~ ~: ...... .:r-:.;~t r~/tl·l. 1 fl [~J ..... (.~.j-\. 11 ...... i-·tt .. · ;. /~. ~ .. ' 1. l:~.l.,~· .~. r~ '~ .. , /-\. i {\.1_ .. ·1_ ... ~. ~. J,-: .. 

OGUf\·jDELE, f)/\NIFL AY/\~~S()L/\ 

(\1 ENC;./SEFTin7/1(65) 

SCHOOL OF F>.lGfNEERfNG AND E~'H.3!NFFJUNG TI'{'fTt'<iOLOGY, 

FEDERAL tn·<rVESITY OF TFCUNOtOG\',. 



1.0 f~:'·~·'l}(}~·""'~:[·"·K'I.cj%.: ;~ ~ ['._~.H ... % ... & ~J\", 

1 





') ., 



--------~~.~-.-.- ........ -. 

f~~~~~: Ht::b :)f 
A.,.l,llk::i ,.:<>:, t.., .-~~- ...... ·4.... (:; &tB"¥{~-:i:1 

{}i u:"~:?-~ i O&::-;k~~~1~;;: ~ r:;::::'~~'~ :-:tCsti«(: 
..... ~.~ ................... ...ic":j~,',J~ ..................... -~. 

Fig L 1. 

vs/\ Ott :)~ 

;:.:::~>~::{ ::';:$::::~ 



<: ., 



slot (Denru;';, 20(2). 

/ \ // 
/ \ ~ -' 

\ "'~/ 
1.1 l / j' ", hgB:0'f<f""",,-,::pt P&i:l rd$i'1:=:O 

\.... ....~I ~:::: f<~t~d~!~"y *;:~:.:th 
... - ............ 

Fig 1 ;; 
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:;;pi.E:e !ink is ;:;stlbLs:hed thal mininLa:snrvirownenh}l tmnsmi~~swn bS~;f;~;.Thi:,; 

hnk i~; ,;.~:;tH.h!idl0d ';,<;h(~n n sa:lelhk groundcfwtml.:4at!<:.)n Gm tra.ck s<1H;:liik.An 

aHotrack ;;;anhe (~lnplo~ed in vvhi(h :,.atdL:Je ground contfd stAion v;"iU tr:lcl tb.~ 

~;:lk::lliiD mHGInuti(;dly~vhhnt~i ')P~::f':ltm's inw:nK1loH. Once a link tniS been 

(;5wbh~;hf;d {:onrmands can be tnm~;m;!kd from th;:: wound u:mtrd swtiOH to dw 
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SHPrlf)S<::d te> b~~ when it is ~lJprHJ:;ed to b(:. To attain tb;; ;Sccunj£S that ;s n,;;~::d:Jd 
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iHltonoH10u:;dy brified on Ffe··prGgrmTlfHl::d Hight pktns U!\V;-:; aw clJ.rn:::ndy b;;;inf., H5fd 

in it mlmb;;;r of Hli.hl.:'lry rok~;., in(:!wJing wc<xm;~i~;s;}JK":t' and attxt <l.rId F")r civil 

\,\:l!h parhcub.r {nnph<:t,::b ml s;;~tdFk ground o;}ntwl~;t,die,n. 

*' Chapti..~r '1\','0 hifJdighs lh(: inq}{){tanlL;aJun:~; of the sah~lhk tkn h'1','$ lCi h: 

li~:;K.ked and controHui hy fk:~ SaJtlhk Ciround Control Sbtirm. h, ther<~~j.ner, 
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order to implemen! Ihe system Jlfthik""Ufc to ow", th_ chamdenstirs, In d aj 

dde""on ond (eL'(;very, dala replicatio" """ sharing \,\Sing COREA middleware :md 



A D;stributoo Sys1<rn with It}!''''-Ihreeding (lIn Model "llS introduced iw Yingt< 

improve His goal wall to oevel<>p llCXIbk ,UI''''"'' with mutii-miss
ion 

capabi\it;es '[he 

"sed tn dc'Scr'be the CSS!: Mathematical M",kL Map I'roi«-'!'orlS, Sys,e
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Model, 





urk! his aligm?d ai< .. mg. jH.~ loeJ v(~rti(:<ll Ht the ~;;.;):tdlik'5 '!;utHi.atelHl1.: p{)iw .. The -'<ri' :r(i~: 

L~ tang(:nt t<J he orbital plane and lie;; in the {>rbiud phme. Th,~ Y,,, us.h is jwrpen<1i;,::uhr 'ic 
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nl. lOO]} Thi:> system mdudt:s nc',';; kdlrlnlogii.>.s to redu.ce costs and i.kv<;;!opment lirni.' 

ofbture ground SV~,k:m projects., fDh1Hgh :.:JWf<:'Z1 or nd:a.p~aobk ;~ofh'<a.re 'faking idvx':Hage 

mkrf~K~':~~; an;:: ,j;;:d1m~d by Dc~;~gnhIH(~n1s in r.>,-der to Ji:K~m!.<lte f:Jtur{? change~;. 

Fmtn.znn<m\ the tdf:(:umrnand ~md tek~rrletry su.bsy~,!.~;~ms an:.hil~xtunz mdw.lB~; a 

(Tf:JSE) and sH!.<dlAe sinnknion ~~dhv(l.re. 1n the fhw=::::\ this sy~;k:m ".",in be upgmded ;-(; 

induzk Anifi(iai lntdl;g(~nce (A!) kchniques, like pb.nning and pr:;;parmg night 

operation plans for the routine phase of the missinnsThe cngiHet:fsin ckuge of planning 

thc :';i.!.felLk ov~xations >'dE w,e i<}oLs dev<:joped wi*h !>:,'.na~ni~; Ot=:ie<:t hAodd technology 

to d<.>.fim'~ the operations achvitks. Through tht higb~kvd scri.p bHgUk~ge stlppl,(xl hy 

'fhe papt:!' t\.mJH~r pre~,cnb ilw mod.f:hng of tht: ~~penl.tt(}ns entities to increit:>(: the ::;~ite!Ete 

conhd sY~'!.i;;m's reus;:lhiHlv and pnhde s(>[lw,';re tha~ may be us<:;d by the control center. 
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