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Abstract

In Global Positioning Systems, we need to receive the signal transited by satellite for
positioning. Because of the relative motion between satellite and receiver and transit time, it
will cause the frequency shift and time-delay of the signal. We must lock the frequency and
time-delay of the signal precisely for acquiring the information for positioning. So we need to
reach the goal by using Phase LLocked Loop.

This paper majors in the analysis of the frequency range which can be locked by
Phase-Locked Loop, using limit cycle to understand the locking situation of different
controllers, and designing system parameters by transfer function of the PLL system:.

Because we hope to implement the analysis result of Phase-Locked Loop to
software-defined GPS tracking system, we analyze the loops of tracking system and utilize
the parameters designed method to tracking system. Besides, in order to implement the GPS
system to rocket, we analyze the satellite motion, and the effect between satellite motion,
rocket speed, rocket acceleration and the satellite transmit signal. The range of the Doppler
frequency is about +21kHz when. rocket speed reach 10Ma,and the change of the Doppler
frequency will reach 515.57Hz/s when rocket acceleration reach 10G.

Finally, we will use simulation to find the system nature frequency which is needed by
different rocket moving situations. This paper using Matlab to compile the algorithm of
software-defined GPS tracking system,and utilizing the designed method to design system
parameters. We not only verify the feasibility of the algorithm, but also observe if the

simulation results fit the designed specifications.

Finally, in order to improve GPS tracking systems, the method of changing the tracking

loop is proposed in this paper, and will verified by simulation.
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Bl 9.5 FL A AF I iE piae B e D] 2k B LB S (D) SR d A e
%] (Code Tracking Loop)ix &k ¥+ ern CIA 7 {6+ ¥ 11 45 "f :}frﬁis?l raA gL ® 2 CIAF -

S(C@) =D(t)C(t)C(t) cos(wt) =D(t) cos(wt)

oy

DRSS R

£ kb d NCO wil 2305 » pL3ugif 5 5 il Bl 4 |

A% osin frcos B FRA o A LT[R féﬁiﬁ%/\zwfd’?#ﬁ%fé? &

I(t) = D(t) cos(wt) cos(wt + Awt) = D(t) X % [cos(Rwt + Awt) + cos(Awt)]

Q(t) = D(t) cos(wt) sin(wt + Awt) = D(t) X % [sin(Rwt + Awt) — sin(Awt)]
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@E] g Q2 i~ il ik B (Low Passed Filter)if s & 4738 1 7 @
1
I,(t) = D(t) X zcos(Awt)
1.
Q.(t) = D(t) X Esm(Awt)
P B2 Q% ~ #4p B (Discriminator)fs § ¥ @ 3| 4p = £ &

D(t) % %sin(Awt)
0 = arctan

<sin(Aa)t)>
= arctan

D(E) X 5 5 cos(Awt) cos(Awt)

= arctan(tan(Awt)) = Awt

#-pt4p e £ @ i¥ ~ Carrier Loop Filter 14 ¥ 5 & # &2 & 2% NCO 2 #f F »
FCA NCO%}JL’*F‘—?%- ﬁﬁiﬁﬁﬂfﬁééwfbi*ﬁi‘ P

3.2 7% i Besx B](Code Tracking LLoop)

d 0BT s B2 PG - TR EARE B 4 0 ¥ GPS ELE fFE B
I HACRF R DI A CIA A ak il o Fphsbipt & A 70 CIA 16 i
B EE AP o @ 2t ACER W f 5 #8 4P & (Code Phase) » &]4e— # CIA 7% sk R A
1023 i Chips > & #M4p =% % 5 B Chip > P] C/A # 8 & % 1020 ~ 1021 ~ 1022 ~
1023 ~1~2~ ... o = 7 Hr E](Code Tracking Loop)fr%-&?* % if B CIA 75 2_ 75
AR R0 o 43 CIAAGEDRE AR Bud G 742 Fip by NRU SR 2 CIA RS A 3 ik o
MfEN sl LR R o T ow ) SR e BlAoie 4 s s Ap o
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[
4>® | Integrate & dump }—) Ig

| Integrate & dump }——) Ip
L
@ I Integrate & dump }—> I

‘ PRN Code Generator ‘

é 5 I Integrate & dump }—) Q.
Q

. >{ i ;P | Integrate & dump }—) Qp
4>® = I Integrate & dump }—) Qg

()
X

AR S(t)

o
<
>

il 10. 75 :¢ Hiax B](Code Tracking Loop)

Bl 10. 5 76 i B B - 7 iﬁ%*ﬂ%ﬁi*%i d NCO v @852 sin fr cos &
Moo BF] 182 Q 2 4 ul3kt d PRN & # 4 B (PRN Code Generator) #7 # 2 2.
4z = 75 (Early Code) ~ &5 (Prompt Code) ~ £ ¥% 75 (Late Code) = B8 i»> » H @ 42
w5 A A B G E BEES Aw fefs # 0.5 B Chips > 2 {8 b fadp ki (s e
A e B i BB A kST o B CIA #8507 5 > JE o 38 B CIA 75 0
HE K R T i Bl ehAcER 0 b CIAB B B v £ ¥ iE T4 a e % - B 1L
= A% e B2 Ap B B o (a)” “’Pféﬂ%ﬁ’ﬁﬁf\ 5.2 CIA mB¥tA R » 7 g 5l
AHEAEHEE L EF (D) BB APR BhF o ST EE CA A
A KA B ARER > @ TR A CIA S -

TN T Rl BT |
ﬁ‘sﬁ%(ﬂﬂ

B B 55(P)

Chips

Bl 11. 78 if giaw B2 4p B (E
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33 %KY K B

R EUEHEE R T S F G AT A el g e Blos i e BA B
A o Bl 12,5 = B Har BB 0 b IRn AT RS i B BN 0 T ARG A
TER] 5 Uk i i Bl o AELITd 28 E Hide Bl R BEgAp 215 > J PRN 4 2
2 EA LGRS P 2 WS T U S glae B fER L 2 CIA
B ool REAUELY g g N T e B 2 NCO&‘;\IU'%?JS'.—';E?%‘?&%?]S'.;%%
AP e AR S 2 GUBE 0 ¥ 3RS 3E i [B) ¢ [B]{F o4 w g Haae 4 o

I
| Ig
I Integrate & dump '7

Integrate & dump

|

|

|

]

L |
Integrate & dump I

| @ . i I
|

|

I

|

|

|

‘ PRN Code Generator }(—{ Controller }%{ Discriminator ﬁ

()
Integrate & dump
e Q

Q b
® . | % Integrate & dump ’7
P

AR S(0)

)

Qr
%@ Integrate & dump bi
L g e — — — — — - 8 |

| 5 |
1 I 1
[ [
| @ ‘ NCO H Controller H Discriminator ‘ 1
1 [
- |
I |
| % |
e o g R W |

Bl 12, = i g

d R 127 @ A RE g BN TR 1l Bk BRAIEAE > A
Bt BIAT 0 g 3R B W A AR A o Fpt g B 13RS E A T
SE e Bl MBI BlYTA L 2 [p 2 QpiE X A E R B FR Y o F 2
PEpar BlEs chz BRZEF REEWIEEF TR T ke F it

LR FES s AR S 1=
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Ig
4>® Integrate & dump '7

I P E—— Ip EHME
%@ d { % } Integrate & dump

@ Integrate & dump
I,
AR S *

‘PRN Code Generator H Controller H Discriminator E:

QL
Integrate & dump
[ Tntecrate & dump |

Q L
® 3 % } Integrate & dump
P

Qr
@ = Integrate & dump '7

Qp

NCO Carrier Loop Discriminator :

B13. 15 g E)

- Bk ﬁi%l M gid Fan &~ CIAFS ~ fefiikvrie &
S(t) = D(t)C(t) cos(wt) = D(t)C(t) cos(w;rt + wpt) (3.2)

B wpp s ¥ S 4.092MHZ > wp & F0 #4475 (Doppler Frequency) @ & #
SN LR d At - e B AR el B E R Imsec @ E sl 4 E B L 20msec:

Bttt R R LA g
- B4rh gk bd NCO ® &5z singe cos & 384 o S fg it frd BT
I(t) = D(HC() X 5 [cos(2wit + Awt) + cos(Awt)] (3.3)
Q(t) = D(HC(L) X > [sin(2wypt + Awt) — sin(Awt)] (3.4)

Y Dw=wp—Bp» TEI B F I AP G B L
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BFEEFEPMEOR T B 12 QLB AT~ TREB 1R 4k
FET A > P U EI g lp I~ Qe Qe QuE A BAPME - Th N F 5

22 Q%+ d PRNBA 4 B?ﬁg?]ﬂziiaﬁg%(E)\?’PEM%(P)\N i BAE(L)= 30 o

I(t) X E = %D(t)c(t)é(t — ©)(cos wpignt + cosAwt) (3.5)
Q) X E = 2 D(O)CE)C(t — T)(sin wpignt — sinAwt) (3.6)

I(t) X P = =D(£)C()C(®) (cos wnignt + cosAwt) (3.7)
Q1) X P = =D(®)C(H)C(t)(sin wpignt = sinhwt) (3.8)
I()) X L = >D()C()C(t + 1) (cos wpignt + cosAwt) (3.9)
Q(t) X L==D(OCE)C(t +7)(sin wpignt = sinAwt) (3.10)

B ¥ wpign =20 +Aw> T L B CE) S TEB A C(t—1)feC(t+1)

PRS- ERS SRR S N DL R

BERD G B PN e o e AR AE T ) A KR

Bk 2 X ()G B A A 1T 0L B Y (S)

-1
Ta= 5 SV = X($) = IO = x(D (311)

B NS AR R AT @

y(nT +T) — y(nT)
T

= x(nT)
> y[n] =y[n—1] + Tx[n — 1] (3.12)

= ylkl = y[0] +T ) x[i]
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d 3 (312)F i f Pl - B e Mﬁ“mﬁkpxw Ao T adAThoRT
{40 m]}s;%& i FPER Ak R T TR A hds i’vf;;K,/Tt YIB AR P R o A gl s

RS KR E T AR
Ig = Z [%D(t)C(t)(f(t — 7)(cos wyignt + cosAwt)] (3.13)
= Z (%D(t)C(t)C(t —1T)cos a)hight) + Z (%D(t)C(t)(f(t —1T) cos Awt)
- %f(D(t)C(t)(f(t —7) c0S Wpignt dt) + %f(D(t)C(t)(f(t — 1) cos Awt dt)
BFY SRR R AL U =Syt 0 H U HPEE

du du
>—= whl-gh(cos a)hl-ght) = COS Wpigpt X dt =
dt whigh

b Tl T M(S G = S e b BT 1S T 1 T

= %I(D(t)(](t)f(t — T) cOS Wpignt dt) + if(D(t)C(t)C‘(t — 1) cos Awt dt)

j(D(t)C(t)C(t —1)du) +==—— f(D(t)C(t)C(t — 1) du)

2Ta)hlg 2T Aw

03 Wpion 5 3 BEN AR FAe FEER L 0 R X3 Aw o FI WG IE € R )

B 15 G TG T M T TR f A 1 RIS

Iy = % (3D(OCE(t - 1) cos Aa)t) (3.14)

r_; F;\:?I/

Bk B ok (3A3) 2 BARIE R A G A I Lo e (TR
5

7
W] M Bk o RF Al 2 Y E R AT [

Iy = Z (%D(t)C(t)é(t — 1) cos Awt) .y [Z (%D(t)C(t)f(t — 1) cos Awt)]

doatdciz WY iE e % F et d 3 C(OC(t— 1) cos Awt

1’3)@

FR LA F T :M‘%f B s

Ig = X (E[C(t)C(t — D] x 3 D(t)cos Awt) (3.15)
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29 E[COCE-1)]5C@) =~

poAAp R E[8] 0 & 7 5

E[c)C(t—D)] =

R(—-7) ¥ fy,f fo fh 4k 2 7}% A AN @
D(t)R(-1) D()R(-1)
IE = TI(COS Awt dt) = W sinAwt
FBI2lp ~ I ~Qp ~Qp ~Qp» 7 10 i d xf'}'&,??jéfflfﬂ_’?/fg
D(®)R(-1) . D(H)R(-1)
IE = WsmAa)t , QE = W osAwt
D(t) D(t)
Ip = inA = A
B Qp ST A 0Shwt
D(t)R(7) D(t)R(7)
= ——5sinA T = A
L TAG sinAwt , QL TAw osAwt
ERL R BAp MBS~ Qp s Iy~ QuiE T AR Hie Bl Fip E o #p
Qpiz 1 % 16 HiGE B2 AR B RURIZ o i 1 AL I Bt Bl AR B o A i B
1@r‘]ﬂ|1,g$mg#ﬁgg4»$;7f@,:\.,Falg’}frnfgi—;m p
\/IE2+QE2_\/IL2+QL2
D= (3.16)

JIEZ+QEZ+JIL2+QL2

2
H 9.2 2 _ (DWOREDN 2
H° 1" + Qg ( 0 ) sin Awt+(

D(t)R(-7)

57) eosthan= (*2)

IL2+QL2§’3§F?"}'§E’W?£IW{9 5 NN \(316)],«? lléi,’é,;f;,

D(t)R(—1t) D(t)R(7)

—  2TAw 2TAw R(—7)—R(7)
D = 5orcw, 50r@ = RcotR(D) (317)
2TAw 2TAw
,d ’\(317)'—‘ IXJ?EFL @éﬁ‘#g?’gfg ]g lll"i]d’.&’i" 15 b""ﬁiﬁﬁ #Efﬁg |E1m

AE 2 6> PIE4I B pit s &
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BF AL E R Bl A F 0 2 it iitAp F S

D(t) .
» TAw sinAwt
D= arctan( ) = arctan [ ==—~——— | = arctan(tanAwt) = Awt
Qp D(t) cosAwt
2TAw

R AR TSk e R i S S L ST
ﬁb#ﬁff'_%’_lé ] gf‘) _N Ei‘f%f _Er'_a FI% NCOﬁ;‘}J“'F%%U‘iKF—f s Ik ‘i
T4 R B 0B ik o
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e g
GPS u# *+ k4 85 55

#-GPS s A B g dod i~ B gmp o d P BB R P ARG
B2 BB BV UL FELE o FRHB-GPS At ol H s L H 2
FRfeHBE 2L @ R A D Rk R Pt S ,_rﬂﬁtg_?g,;rs BT S pE
B2 PBR AT E A PP n LR NA R LA iE B ¢ I BT

—
40

<\
i

W Ak

%

2t
s
il
kg

Foorg 2P0 T g EL N fFELfed LH S o L RiEs

41 wE B¢ 2 £ 17

{w

B Rl A2 deik RETR S PO R R R R A B id R R e
AA7[9) e i - = PR € 5 24 ) PR 5 B P (Solar Day) 5 e H 58 sk -
B e bt Ae 24 o) pRuk fE— 2 s ) 5028 BE 56 A 4Ex 400 £ ALk P
(Sidereal Day)- = iﬁ AR A 3 A 48~ 5591 fiom — FEfFE T X EMFH IS ¥
4 ifc{ﬁﬁ& ST - RS EE P 2L g5 11 ] B8 448 205 F) -
EQLEE R AT L E ST A E R o AT

do 21

=—= =1.458 x 107*
©s = 0f T 11 % 60 X 60 + 58 % 60 + 2.05

R BB TR fER L T 0L (1)) 5 26560km o T T e
SR TRz @R S

do
Vs = Ty = Iy X = = 26560 X 10° X 1.458 x 10" = 3872.448 m/s
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7, = 26560km |

a4 T

(4.1)

5 U RO @R R BRI AR
1'@%3@’@1@};?%% B0 ok 21 pé%{’vlrﬁ/}i # B 1k i gl)i/)%l'?’k
fesh b AIEE BELE (% K2 RlS D% A b GPS ¢ b ik p Lk

HPpigk Az

k@Eagl s FY v=3x108m/s v s Y HZER » v 5 FLEERE R

#HE w2 PR 0 2 5300 $ak & (Doppler Velocity) > T 6 i 5 vg
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AN R et BT S T L OBLIR K R A S R S e

2L VAT S

fa=f-f=(mn-1)f = (222 f 42)

vFvg

FURPFEE 2w DR 0D FZAf  FR " BERALVE o @

j@avd:‘%é‘aﬁi%j}‘o

TR AR &
I 2Ty N

(4.3)

#9AS = 1,2 + 1,2 — 21,7,5in0 > FEd S (45)2 T e G R b g

g omIpERE > RIS 540 BERHOL TR -
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Dappler velacity v.=s. Angle 8

1000 ; ! T ) ; !
a00 ' '
800
& 700 :
E :
= 600 :
2 500
> :
& 400 :
S 300
200
100 :
0 1 i i | 1 | i
0 02 04 06 0.8 1 1.2 1.4 16
Angle 8 (rad)
R 15. 48 * #3€ A& 4460 & (T
FEBOFLEZ BT FER €82 M0 BIFFPES 7 AREFGFE R R
ASz A B E > o %h{vda S o TR S(A5) Y 2 vy i e o F
dvy  stelterysin®0 — (1* + 1,%)sing + 1.7;]
g o 2 J
(1,2 + ;% — 21,1,5in6)3
= 1,1.5in%0 — (1,2 + 1,2)sin® + 1,1, = 0
2
1,2 + 1.2 + 2 +1%\" 4
TeTS - TETS
= sinf = = 0 = 0.242 rad

2

$ Bt EVgmax = 928.8265m/s o @ 1% 5 (4.2)3 i 7 2 9 5] R & R HAS

SR ERTS R R L

_ ( 0 +928.8265

x 1575.42MHz = 4877.65H
3><108——9288265) z z

fa
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BN B R - KR §
mAEEMHFARDERF A T o ¥ ?J'z;{gﬁ Bv ¥ pE T s R

EH o LT ;\

_dvg _ dvgdO _ vgre[rerssin?6—(re2+152)sind+1,1s] dO

Va =" T a0 at _Z dt
(Te?+152—21,T5sin0)3

(4.6)

CREOFL6 G4 PERACREHERO
6.=2pk # 5 0178m/s? -

0.

! -

L

=

: |
B
Ty

1

N

‘§'f

P
Ak
ek
A
b
A=
=
F_k

Change Rate of Doppler Welocity v.s. Angle 8
@03 ! ! ! ! ! ! !

. =
= =
= oy =

=
o
m

Ghange Rate of Doppler Yelocity (m/s?)

'\ : ; : ; ; | ;
1] 0z 0.4 0k s 1 1.2 1.4 16
Angle 8 (rad)

B 16. o8 ° B iE R cREH L ROITH

6iﬁ%%“*%9’é*ﬂWBﬁ%£ﬁ PR L

BER LB DRSS R T T RN (425 R 5

fa=(224)f @.7)

V=g
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fd = dt = (v—v4)?

3 ¢ L—t'g?u:l&-—‘]grs i R E }Jr}f%**rs
FE B R E 2 Bt BT

CARITER A T vy =V =0 FUH T

7 5 & m‘j‘;fi B Feg € @ 5 0935Hz/s

4.3 b EARAR B 2 R

e B B A
Bl pr o L2 K

#- GPS & * ﬁ_i?é?*iﬁﬂ-kriﬁﬁ\_éirﬁﬂir
#RF IR G T B B E R HE- GPS kA

[
ik o 55 2 b i vt e AR i R 5 T G 8 B
& JF 4 %—'k'%%i%fgﬁﬁp rE B e s &P e R R ARG B MR T LR

LET SRS AT 5 Db Rl B i BB E RS R P
g'}\'%iﬂi\l‘;%o

ERBEFEI= 54 L 1020m/s 0 @ X4 2 B

AT L 52 B
M2 AT eNA8) Y Tty

)ip 1OG’E7P,“\ 98m/S ’f-‘%“f’ ﬁ‘ﬁ!f*i&%

JE - PR ;»;tF‘}%;%]L;d_ LT RE o

X dpi
&
I F

I A

Bl HaE RS A NET)T E

Vo + Vg 1020 + 928.8265
) ( ) x 1575.42MHz = 10235Hz

1= (3108 — 9288265

TR Al g U BRI T 2 48 B 1K) 5 £10.235kHz © 45T %

LB A e B~ N (4.8) (5T F

. (W=v)dvo+ W+vy)vg
fa = CETAL f =515.57 Hz/s

P E Y RUE R T B RN GRS LT s B TR RS

yoohEA
FOUH TR R 200km o iE R E D] 10 B Ak RIS PR T E AR B 5 g ]

24

S421KkHz 45" B SRR % o
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BB *

2 A1 Matlab k= GPS # 21 5L:€ Bi(Tracking)3® &~ i & % » A 5LiE
e 4 TR B UEE L O S A CIA A o R

2 ~ 2 e N 2
AR g o

W W Ak 33 S B 13,k & (7 il 0 F o B AT R
ABTALE R 5 ImseCe o 0S4 i 4 S ik 4 % ¢ 1575.42MH2Z % 1 4.092MHz »
g0 PR TIL[10]80 P PR AE 5 B 3 P AF S04 2 0 3 16.368MHz > Flp- F
Ziw BlASEF AR 5 16368 &£ o @ 2 A0 C/A B A 5 1023 # chip o F]w A i
LHCHERE € 4= CIAZS 3B 5 16368 1 728k » & 16  F 41418 % ~ @ Chip «

5.1 EBLA R

ol R - GPS e - A 2 b o AR R R R T R TR
- AR THRGEE 28 B RS B 0 A GEERRET R o SUBLIE B
B bloT o 4R B R USRS (R PRNS 5 90 ¥ 4THE X 5 4.092MHz > 3% !
$4HF 5 5 T00Hz - Gk 2 #5 4R i 5 20 chip > ¥ 5% 305 i Sample - 7 ¢ 3/
AR B BIINA o BRR R g NAUBL2 A 5 8 NCO Az #F 5 Ap £ 80Hz »
NCO z_ 4= & #7 5 5 4092620Hz » 12 ¢t 5 4= 450k 2 K T HEE - % % 4o B 17.
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¥ 10 NCO Frequency v.s. Time

4.0927

Hz

Fraguency

B 18. NCO 47 5 22 iy »~ F T4 5 2 A7 5 L 4o [ 1 ]

d B 17.¢ ¥ g F] NCO s § d A i (6 4092620Hz /5 % ik if Bide Bl s + =
1 4092700Hz > % i Bige Bl 53 & # chd-firk gy gl 47 5 2 NCO 2 Ae i
MRS A3 0
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ik > 3 ABLFapi ity i FHFEL0R =+ 0 4B 19,

Phasge Difference v.g. Time
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Code Phase Difference v.5. Time
4 T T T T T T T

Code Phase Difference
o
T
1

#l

i» Sample

LR ST 53 o d B | 5if e B 54 s
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NEO Frequency (Hz)

RKEE LR

B23FJ I AT v KA PRGN B B AR i
B Pl 3 2 SHRiE 0 T G MR TR o ARV G B Bt s o K
RTE B2 PR B2 BFh PRN AR 5 90 ¢ 47415 5 4.002MHz > 38\ #4415 5
700HZ » 2 ik ) S5 st sr NCO A2 i@ 41 5 2 AR M 4% % 40HZ» ¥ e 7
Bt R AR T P TR T A aykin o AP ig R PR R TS
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RS S SER AT =
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AOG2T |

%

|
200
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Code Phase Difference

Code Phase Difference

B F BT G B Bl et e o X TACE B2 FhE sz i PRN & 5 9

¥ 5 4092MHZ> 5 b 347 5 G TOOHZ> 2 -k ) 9130 52 A5 47 =2 PRN

v

i
|

FEAY BA G 2 hApAcit £ Bk 5 16 B Samples » B Fie T HHE o R AK

4~

T e ek T PER T R SRS ek e A - 2 PF PR %5 50msec~90msec
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5.3 i B AR

foip— &0 Mg WHRMGPS i ¥ U b 2 kims f GPS ¥ 4k 4 2

kB 2 g 2 e

EE R L

222

b

RL P R ﬁ'ﬁ% Lo LE,%% E - L s,

Seid B 10G 0 B 43 8P QB H N BT @ i R R BT 6 G

% v 5 515.57Hz/s o 3L 5L Bide D40 T o AU B2 R UELZ FE PRN A 4 9

vOEAE & 5 4.092MHz > i CEE S G 700Hz - it 5 515.57Hz/s - i g

3

O IR e BN A o B ﬁi?&ﬁl%l:".;%%ii%ﬁfﬁﬁ NCO z 4= #g 5 4p £ 100Hz >
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x 10
40929 .
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