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Design of robust carrier tracking systems in high dynamic and
high noise conditions, with emphasis on neuro-fuzzy controller

Mohieddin Moradi, Mehdi Ehsanian

Abstract: The robust carrier tracking is defined as the ability of a receiver to determine the phase and
frequency of the input carrier signal in unusual conditions such as signal loss, input signal fading, high receiver
dynamic, or other destructive effects of propagation. An implementation of tight tracking can be understood in
terms of adopting a very narrow loop bandwidth that contradict with the requirements for tracking high user
dynamics. Such a trade-off becomes the critical point and the main limitation of robust carrier tracking, since
both noise rejection (and equivalently, recovery of the lost signal power) and agile carrier tracking must be
appropriately balanced to avoid penalizing the performance criteria of the specific application under analysis. In
practice, bandwidth must be adaptive so that with respect to input noise and dynamic values, optimal bandwidth
could be chosen. In this article, first different carrier tracking systems is reviewed and their related features and
applications are studied and determined. Then, with comparing existing methods it is shown that, the proposed
intelligent type-2 neuro-fuzzy controllers in tracking system provide results that are more acceptable than others
because of overcoming the uncertainties in the received carrier signal and environmental conditions.

Keywords: Raobust carrier signal tracking, Neuro-fuzzy controller, PLL
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3 NCO: Numerically Controlled Oscillator

! Discriminator .
2V/CO: Voltage Controlled Oscillator

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod VY o o J 28 dles


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 |

[ DOI: 10.29252/j0c.13.4.65 ]

o= 36 el ST G b 51 glay s ASTE LY Gy 5 eSalys Ll s Juls IS obs) pslie e b A

Ol (gdga (6310 pll e

Ll sl L PLL (slesy ol Cu PLL L gy T ples s oS
035 Sl gy 1 ol S o Ll (Sl O g 5 n 0kl o
V-] sl o oslizal B pslie b3y slas S R Py

4

5l sl b il 243 Sleslizal b Jole ooy slgs; ¥—£

Cdal 63555 5B 2sh o a2 Ll Sl 005 oS
AL by O35 5L5 298 DB 350 U 5 5198 5 355 abs)
aﬁtﬁu_;st,uéu@”,61ﬁ;ucﬂgtﬁ:§u;,,':@wm,.
e S glin G153l es i) Sl clages 3L Sbsy BB VY
3,15 35 5 e Kb sl Sleslizul b ol oL,

Sl@ @ pdl CalilB b 3B owigd 4 dil> 1-Y-¢
b

bl o osls (ol ¥ S 53 oS 4 Kles gy opl o
L (sligy o0 SIT K Sl oslial b cptmm 2815, Ll 4y 42 5
cheMJM@}f}lﬁélﬁb«j})&,ﬂ)b.ﬁ@ﬁ?ﬁjﬂ:ﬁ
5 dmlie ol alal s e dmlie Slodd o Ly Sl lds b
Flasalome gz 58> Jia Sleslinal 55 5 (8ly (B3 Ol 5 (pessd
DMEe o g 63555 ESalus Ol e awlomn 5 56 55 5 Sl 5
3L (Slbmn 5l gy ol S 3 Koo dlesl 5 alone Ll (sligy

[Ve oMV ] el OT

B(x)

212 sl fal o

Flh)T B
£
(el D39 Wil Sl J a5 e sgRT

V'] b Sl i LB L 56 0555 Ja5 ail ¥ ST

Ao by 31 il (Sl b 36 oigd S dil> Y-Y—f

[ W)
P e sl 5 et g 5 e S s SV S
b o o S ol 51l (sl ol (53555 IS sl el 1
DS Ul L o s sl B S L Gllan ST (St
o Jol 8 e 5 bl Bs) ol 53 el 3 By LGS
e i) )3 I8 Sl s dnlons 4 (S5 5 Sl S

Sl eolial Gl 5 ambe g 4 3505 o S o

3% N ) O, (KT) 4 2nm 5 0,(kT) ol 56 St S
S b g3tk jon Sl ULJOK:T 3gis 03l aseis (GM
F B G s S o S B e 55 e
hol Jole 53 0,8 55 ol 50 Usb 1 s e 05101 4
A 9> gesired s Waesired <=5 3w 5 o5 3 ST i
— ot R ST Sy 63558 IS 5 S s s i S
;y‘-oxuyosjw;‘cjﬁjlydtﬁq>PLL;Mlaﬁu.xf
PLL:J@&)A&quUw&&yfal.:ﬂc)lﬁ-‘_}ﬁjl
CJ)}.;Afbfi@@,dﬁjdé)yq%w\s}di)‘&.w‘
el (B = DT ST o )3 56 Jolis cabayl

0(kT)-6((k—1)T) d
Waesired = |7| (%) V)

T

lste slie 93 56 Mt b 56 sllas plesl 05 s 1
b ol 5 oBTail Sub ilS 3 G sl il 7T 51 S
2 e A bbbl 8 (S e 2 el b SIS
25 Soge 4 Olgn ) e (I8 5 i plai s Ak 4l g
13505 Ol
Xdesired = (%) Wc [T:-_Zd] W

ok 3 Jol= (slas o153 WS 3 We 5 55 Som C B0 aaly 5o
Gl Ty sdoms g3 e P 2 I W PSR AR
Sl b B DM 1 353 e sl gl 8515 5 e G
IS 15 st S 5 L slogy STl 0L 5
3 8s gbs) e Vb Salys Ll s s 5 sl dals Sl
S50 Sl by b sy O lrbB 15 el dal i o plls
Ole @31sn ¢ ol ol dils b 53 105l blize 51 KuSK
Ll sl Sl p e &5 Col (o b g0 e (LR L5
Coe ol I pslie sy sl 5 ores 4 el g

s V.:.alf T e 4 aalsl 53 aS Wleds

Job> (2025 PYlie (S E1gl (gw)p -E
S36 § T J 8 S g 2 (S0

L@TJJJAJL«J‘JAB ‘jhjjrjuﬁw:taﬂg}lh&uébuij)
2 T 51K 2 o Lips oo o B os S 7 0 T oy ooy U
A Ll esls b latl 4 7-F SN-F sl i

il S eslid U bl sy ety V6
ol AL sl
ERESIERTIN (‘f 6 bbby ol gt (slebas b amlia o

o fss ol S o Sl wil> f‘)fli° STl a1y Sl ol

T 51l ol il 25 b sl T 55 &8 S o e 51465

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod M o o J 28 dles


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 |

[ DOI: 10.29252/j0c.13.4.65 ]

74 et $ 36 oS U IS 5o b 5l sy p ASTLVL s Salys Lul5 55 Jale I Jbs pslie i 1 b
0Ll (gdga (6310 plll s

Cgr YollS s Sl eslizal , Sae glgss, Y-¢
Job=pslis Lo,

Dl 5l L 5 B SIS J 27 g, S Ol e 4 ST s
2 oS A8 e a1 I Sla sy e o3 Sl 1y (S5 sh 500
538 allS 2l e 55 b e eSS ok eals (Sl s Jke bl
Sy bl 0T 55 8 &S alp ) (gl all btle ol
S b 58S b 55 b b e oS Sl O
oo oS I 5 Cosalin i) (3555 I Ols 3505 35
55 [19V] 558 alp s e e Jilao (g S o)
Gl ol 31 8055 oo Jools ullS il dwy 4 & ik
035 oo sla bl Mol 5 0 S 1y L slas (Salys
5 Py S oSN 55 Dl b b add (hs a3 il 0
Gl pe D50 53 g MLk e Sl 200 e S35
4 Sl 536 allS 2ls (Je 5 plinl Sl s ke b bl clgSalys
AR S S S (kB ) e walal gy radS
S5 S e N e pslie ledis) 53 S Tl ol S5
A S el gt s 03 w5 D2 polie STl
Sy50 remy ss Jol pslie by (6lp s ge DYl 5 WIS
Sy I8 ks Sl eslial 3l g1 sed [Y0-YY] Cnl 4B T 5 an g5
31K P BTG PRV PR V- (- polie b3, R
&35 4Ll S lalis sl g ¢ Vi (Kp) es3505 s S
S Il sl o Kty alie sl Slalie Job> 56 4 5 As
rn o S IS Llen slais ¢ P (B 5355 (10)
Wy h() o b o G b 5 Gl Dl sy S5l L oS
S e @olere 53 1) NCO o 285 (s 18 b (pl bl
L] w8 e 5L ol

S sl g i

[ACHNES)

4 o e(k) i E _-‘m 1 RE )
(Al pdad

e “bsg et DI, =@

o

£ l—F\KT

e feala o gl 177

33953 St Faicn
(%) e g g

v s e oz e Ry

F & sila

kaeyek  Lowgy

Fldi) = 4 = 5

D] ol JEKs sy 53 o oS s Sl eslinal 19 JSCs
9365 ol S8l e slao s 1S (6 lens L SIS (s Sy
3 s 5 o abme (63555 IS b (3L 53 IS Soan T
(M| odins jadeii g F 0 s 3l edas (adiS o9 S
S 3 S s ll il gl S T 51l allS k5 (63455

o3 gralie 35 gn eslial Todalie Sy &S Sl ¢ o) ST
Ay ol Oloy a 53 S e sadein lall sl (U= )50l
G ekd a5 sbaeSalys 5 s C/No Sldie 4
5 Blotd amlos 3 T & gomy Lalily (sligy o 538 oo 03lizal
g el Ll sl K550 amlone 02, ST (Sleosly & 5L
Aj.':;@c\:é)fjléjpua;'dwjl.&aig.lc,ulf‘_g@l;*:‘_;lﬁw

DYl 6l s Sl i 03 gukoes JS outslas o7

i)

ol s ol 5

<l gy e 2 ST

DY) oks avnlons 3 51 5L (ligy b 50 oo a8 ailoF JSCs

EP S3B Bl I ooliw! b 3B oigdh ab dil> F-¥-¢
Js!

o3litnl dil> (g jludkind o (51 I3l g 5 (650 Ghie 1 Bs) nl o
0 JSs 53 iy opl Golere bl Rl obsy Cueslie b sl ol
(636 Glate odiS JmS 3 esliel Lol oyl Ll ok o3ls OLES
;l@&b\L.u;})‘;,_l,;.@u.uﬁf@sb@,;\{J;péuﬁ@m
L I Jos 53 5 353 g0 0315 (5 50T (636 s (25 o s
0l S S o s oyl gan |y 5 ey dal g JUis 4 ol Ll 5 s
oA 5 5B edias LasiS Sl ol 5 e paseda 43
i L gl ol I ¢ uilS 3 5 56 (gl ulul 5 oslinal

Dras] s 8 .

LRSS
<18 Wi
¥ o PLIL 8 civbis
—»@—') Wi g il >
201 JE ey
SRS sl
FLL (s’ kst
) e — ;
'
JAT gt e 1 | °~“*-'J;.=*-' !
S3as saigh H = o fyi 538 Bl |
[ i
et g ailem L3

D] Jsl g5 (656 Glate 3l aslizal L 56 o g b ail> 0 o

3 Observatlon
4 Prediction

Look-Up Table (LUT))
2 Kalman Filter

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod VY o o J 28 dles


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 |

[ DOI: 10.29252/j0c.13.4.65 ]

o= 36 el ST G b 51 glay s ASTE LY Gy 5 eSalys Ll s Juls IS obs) pslie e b v

Ol (gdga (6310 pll e

(Bl 6255 Sl sei I o leidn S S5l L (S ss 50 50555
gosn opl 258 S i Gl pen Gla il L all iy 55
53 Calimal sl gl OLT ) 5 odd e 255 Eil5, 4
3 g0 lada, 3 ol 035 oyl 4 b oS ol s g o glooti S
23 Solere Gl S G105 gad L5l 0 S5luonly L adl> Slgata o
b il b3 e 1 (Jle Ol 4l o e3ls LSV S
e 8 3 S i gl 51 B ) s e3lizl L [YV] o e
03 45 g o3lizal 3 ail @t b slao i 18 53 0T 51487 iy Siloan
FERTIEI R BN QPN - W PRPS K SR g B SRVES G )
Bt G 3 S slaslesiaan I (SL Izl 55 1wl do
S35 5 S AeDle) ihar o 2l B3 g oo (S3luesly e a0
ap Juoks K310 5l ealitel b o XS bl 1) (5355 SIS
Jor k5o b el JISLT 5 358 0 s Jolo 3l 505 S5 0 e

ATl g e 58 s

yik)

S22 IS

FonaS
s

Wl § 2B

IFAYA] Jols & Loy 6l 5L a2,V IS8

BE) r)) t'}; 6.@9—‘5)@ Ry in.f )\ oslau! ‘—i

o ol pslie 5 el pa Lt (1 b

SSald 355 45k 4 gt 5 (Sl (So58 SVslee 7 G5

40358 J5b w dde s 5800, (S 0 oy | e
23 bl a8 e 15 eslizal 3550 Ollae 3 Shes 4 oltws sk
B Jolse 0 5 e 53 Loslad pde 55 o 4 (85 S
Sgdos 5 aal o)l san (T | oloT s SleMbl (3 55 ASlen
osb a Je e s S5 5 Sas (63050 i )3 Al
sSJRS pb Samy Kos o S5 2 St
st 5 (gr ilon ( LS (o gy 1 (5 dom 3 il oo Rl
S e I eslial syse ediS J RS sla bl ehs ol
o3lizal L 4" ol (L5l sladibe e SIS S (slagptunn
015 g5 1 (a3 5 0 iy 5 Jodl > sl iz L &S5
253 05,5 LA (656 sl oS J 1S 5s (S ols Bl 2l 4
e 4 Al (S35 0 035 LI L 3 pp sl OlF (b
Seucs Jj:.f S 33 OlF e 50 Jj:.\f BUREYYS CLJ\S\ Jj:.f
JAS g inipn s SO €Y &K, 03 8 BLIIL oSS

oslizul Jute 5115T b 53 5,80 55 op Dz .3 S aslizal 558

bl e ol Il Sl b AS e s el 6L el
h() L= el S el (b e 1 syl s (b
33 0dd o3ls Ol (g lems 35 o Lais S JIST A s i e b
A 03 b e 05868 g g uand Ol e 4 WIS 0 G SO
IS sle g o b 3l gy e L (sligy oS OT 3 S 50 w8 8
SN Al b Giluang g8l 2 g8 Bore Ol L e
RS &S By 55k p eedd 355 o3litul st glaodias jaseis
S IS 63555 )T S dish Sl st ik g5 slaetians
o pn oy ol b s el e L (Sligy 035 g 5 S
g 4 805 o o 5l il Y b e 8 4 JUSC 1e

LYF-YALs 52 n Jool-
Jol=pslas oo, SISl gl iy, £-E

o b IS A S eslinal e sla sy SUlse 355 b

GV slaeSalys 5 56 S Ol i (I Lt e L
383 7l el (Sl (cmgr 05,5133 ol g2 el Coala pe SUST 5 05, S
S 33 ipl posde s I8 2 5s Sl lghie Jos
b (Soen s sl Sl b 5 ot b slaskidy 3525
A3l g B 5 s gy Gl S (e S LB
wlanny G S oL 4 oS Sl i Olen ol iph S
S gl g ot w3 8 a5 05V (sl B 0T 53 5 ol By pa
33 G5 ol @ Ken e S 358 0 L3 B ) )z
ol i Lol 5l 53l st IS 2L Sl eslinal b b dws e
WU 3 4 sla g, 3l eslizal L oS g, LK ola,lnl
Sl sl W Sl o )3 .S ek os i Glacysgdoes
T bt 35050 5 1SS labns e o b (sla s o) 3l (55,

Lra-vv]slens S e
J.al:- @L_:) &y b adl> sl Sy 0-§

e 55 W o Ly st (e b B LB ol o

St 5 5k Al il A5 dal s Olejan (63555 S b
L gsleobjen Oloj oo s oIl ol 53 558 e eslital e o
450 [P o] daasl s ploul SIS (sladisai 31 25 8 23l
Al S A dal g s Gl pslie obsy sl 5L el bl
235 el il Vb sdalie Sbj ol dSL o5Y 56 058
o Sty (B3 I 7y el I i b ol ) s
E5 3 S ol (Sanods 2hd s 5 5 58 O o ol 23S
I 1y lalad $SGs &5 (5lnpal b 50 515 A5k 53505

M%:}J@ub@jud&d‘)é.aﬁ&@)l?‘.{é:}))

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod M o o J 28 dles


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 |

[ DOI: 10.29252/j0c.13.4.65 ]

A o= 36 el ST G b 51 alny s ASTE LV G5 Salys Ll Juls S o3 pslie s b

0Ll (gdga (6310 plll s

Y 5 ol e OB e ST Sl gy Sl s Sl rt—j o5l 5

D58 o s (3l B
..... [w1 (), wy (x)]

Wy (x)

iy Sl 36 e Y o
Sz Y ael 0Byl Y ST

A 563555V e g5 (rarm (36 e ol S S 5h 8 IS

Y(x) = XL, W (x)y; )
w;(x) = ﬁlj(xl) * ﬁzj(xz) ------ * ﬁnj(xn) )
w;(x) = Elf(xl) * Ezj(xz) ------ * Enj(xn) o)
Thml s Sosde pl ops b et Sl ¥ cade
G plJ 06 eds o5dle s T S0 Olg oo b cpl 53
B BT
W W)
Tl WSl W)
B el 5 b s s b o505 3B G mls Sl
s il b b el Sl S Al sl by

22 b2y g DB, 4 Cnd el 05V 5 005y lizms S 5 Jal

W;(x) = (%)

S9,0 JI5 pen 4 ABL wils 3 p’\/ Sl Caliee Ll
Ogpan 2k on drln T L b b, &8 pilibn (5la gy sl ol
(1 S i o015 (533,55 UK Ctliien o oiS
b g Caliee Ll sl 5 oS ks $SCalys gl
L 3555 Salis ¢ atle muly il 5 Lk gl 5 Ald 45
S dzen by a3 bl SB35 8wl jasis
Ul & Lo Sl I (5 Sl 5L o5l 5o p 55 45 ,# PLL
.(a,u,,fg\:.:;lgzudues);ﬂ@@)Wgug@,&ﬁ)\s;\
ploil b8 e s 5y sl sy bl s 4 SIUTPLL s
g Al oS w0l il a5 ol 4 aalsl 5o oS el
BB 25 opo & F(S) pow as o dil A b pss 45,0 PLL oS

GO [ ) PN

14Ty, S+Ty, s>
2
N Tp

F(s)
H(s)

vY)

kpa(Kpc+s)(1+Tz, 5+T5,5%)
53(Tp+kpdTZZ)+52kpd(T21+kaTZz)+Skpd(kaTZ1)+kpdka
OMN)

Pinlk)
P 3 sl > s e

s (56 Sl 5 (53 hie (2 pan ar LSS
oW
g il (e o 2 (S5 5 SSleesly Sl Mo o
slgnig DPLL U287 ol 2 093 £8 (o (630 o 5 (550 (235
LSl o 035 5enT g Sl oy 7 300 a7 il 250 o0
@&-wuM;t&u,,&ggwwﬂ;tﬁ&ﬂ&\”,@
b g a2l o od b S 53 AL dal s el g3 6
3503 25 IS Slnnl b 23l e oraem (50 oS S

OLBA S5 55 ¢ g g0 ol el dal ot S )18 Sl Ol 5

RGO PRSP EY

vk

walk)

W (k)

z
Hiyeolz) = (ky, 1— Z—j)

@;65&,,\;54);5;‘@;@1\{_}‘1,&11;)wr\ﬁg;&,&:f\p
pom 45 o 4l S 9093

456 5 ol 5 sl a5 g ) Sl 3l sl SalSn
Npd g Jol 5 sy b eSon g s
@e (k) = Qour (k) — @i (k) € [-m, +7] KV
we (k) = e (k) — @ ((k — 1)) € [-m, +7] ()

G55 G 5 g Kie Sl ls et ol s
S o o (636 0SS (s (639,55 e O i
X = [0 (k) w(k)]" O
Bl 5 56 sl 5w We (k) 5 (k) Llsp cnl s
JAS b 5o el Joma Jolo SIS b 52505 ol S
Cle gy s (56 55 G plS s g5 e sSB laS
Conlsd pile 5 (el J1 2 o e T s 03 Ll
e 033 ¢ 5 o558 oS 1S Sl solgihy gy 53 s e
5 G o O3B 51 4505 G ol 0 e3linl 4 JSB L Gollas
[P ] 5 Do w9

RI:If x, is Ay and x, is Ay ... .. and x, is Ap;

Theny=yj j=12,...M (\Y)
Ol gt i 6l o3l (636 Gl 4 gares 4 bgy e Aij o7 58
4 by 058 al o 4 bgy e Gl ke i el =T 52555 5 056
sy i b g G e ol e Jals o el (535 el |
03385 S3b 4 same S 0T 5 A3l [l b G yle VL
£5 2 30 e s el 056 b ] sl s

UJJTQ)-@M/] QT)JASA}&@ J"’l"j.'.i Sype 4 Slden 32

* Backward Euler Method

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod VY o o J 28 dles


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 |

[ DOI: 10.29252/j0c.13.4.65 ]

o= 36 el ST G b 51 glay s ASTE LY Gy 5 eSalys Ll s Juls IS obs) pslie e b vy

Ol (gdga (6310 pll e

3550 oisleiT G V gl w1 1y 65 o sllas sla )
aksu‘;uM@Q.M;@@.@,ﬂ,(\.\fﬁﬁjt{,uu@t
Sl K5 ¥ Jgdr 55 55 W85 oy iS5 ey sl 63555 4
el 0k 0303 L3 1Y 5

S 36 e S 03litl Dy g 53 im0 DL i 57 45 SSlen
35 50 Sl Colsh ot OIST 0 @l b s w033 ¢ 5 e
(2 e 53 b2l i (e S a5 obss e e o
\J}v‘?:ﬁ=J‘3)§3¢~J5hdt§:ﬁﬂeéﬂkﬁs,€9)¢-‘@u
IS 53lgty e S 0I5 (0 goen 5 5 A2 ol Juol
13y S Cai B3 b g g usllas oy L) @350 Jol
D el S OT i 5l s 5 ezl 505 S

T 3,08 5 oslizul 350 ¢S o LI 1) J g

Ll b e (sl 8355 80 SIS = -
Cs JESw I s IS dsles oy oy
&l

S S I sl 56 Ay s S

_ 1 Radian 56 owsT ol g
56 dy JUS gb3 5 53

il S T Ol g
500 Hz 3 Al 151 B 6
Vo oSalys b Ll

S5 ol 51 S oy e S

Sy IS g3 53 e

65 31 1 St s S
R z 500 Hz/s P Sl b s bl I
R I (25 53 e 2

e oy I (L5656 Dbl g S
W oSaliys Loyl 2 s JUS
o, S

S 5l (s s S 4 T IS 1.5sin (21

o e 3B b3 53 e ST S X 25)(kT)

P _ o
1.5 01T sip (2m] 45 Ol I 5 36 ol S

e T - P g R
D8 A (20 03 e (2] S o) x25)(kT) S},.:..

o ph n (g s

8 o5 P iy Calitn o3 Sl (e Gl Y s

i Oy

DPLL ctiol; | 5,.DPLL

Sl o I g 58 Slaslizal b pgs 50 Shoslial b pss DPLL i, i 0l
(e S5 —beS IS | GBS Iz [ [FNR] pene s 5
£33 05 e dsles
[¥v,#v]
1rad ;64 0.121 ms 0.145 ms 0.223 ms
200 Hz 35 3 4 4ms 6ms S £541430 ms
300 Hz its 5 4 7ms 11 ms S #541:2100 ms
400 Hz i 5 4 9ms 14 ms JB8 Sl
500 Hz i 3 o 12 ms 16 ms S8l
600 HZ 5 3 4 12.8ms S Sl
17 ms
100 Hz/s s 5 et 8ms 10 ms 200 ms
200 Hz/s .8 5 oot 18 ms 22ms 280 ms
300 Hz/s i 5 o 24ms 31ms J8 g
400 Hz/s s 5 o 28 ms 32ms J8 g
500 Hz/s 5 3 out 31 ms S J8 Sz
U534 ms

Sl Sl o a0 JlS Wl 5 A5 (b NI Wy
2k o ol Al Sl 5,k S Ll iy et iy
1 o .
Bn = |H(0)|2 fo |H(]2T[f)|2df =

wnTzl-(“-’nszz)2+(wnTzl)2_wnszz H
= w, Hz
4(wn Tz .0n2Tz,)-1

(\9)

By Gl sl ool s bl 5 o b uilS e dal gy ol $SSTL
o 8 a5 5 095 a5 o |y il 7l aopilir 155 8 sl ol il
Ab ol o K3 5 K2 5 K1 OT 3 o8 sl 35 Sy g 0T ot b
2n DPLL Jloms s

1
F(Z) =K; +sz+
1
2 (1+z71)2

Elply 6 mitn o g omas— 56 b ) 28 VL oSl s Ll 5 s

(")

Bt J)‘L&leuéwaﬁ .M})@)Kﬂ\{db})}jb QJ;JL.'J
QJFA{NCOJJ&.CM‘ kfc‘ﬁb.\;obu_,indjzf)jytm\aﬁ}‘Kd
Dbt A R

21
1-z~1

N(Z) = kfc xv)

U el s (ol (s e 53 Gb SVslas 031305 L

S edslan ST fas mlb &K 51 g5 L s Jimms 4t 4kl ot

S L Jems 5 SIT Las o 95l amlows G b
b Lal g dnloe 5 D o 4 b Gl 5 Sl s LSl 5
H(z) =

kpa((K1+Kz+K3)—(2K1+K2)z ™ +K1272 ) (kpo)z ™)
(A—z71)3+kpckpa((Ky+Ko+K3)—(2K1 +K2)z "1 +K1272)z~1

(YY)
bw,T
K, = I )
kpakgctbwnTkpdksc
ZTZ
K2 = 4on (Yf)
kpdkfc"'bwnTkpdkf{:
3T3
Ky = Zn o)
kpakgctbwnTkpaksc
B = i(kpdka(ZKlz+K1K2)+2K2 kpaKa
L™ o1 Mk ~kpakpo(2K2+K1Kz)  2+kpa(Ka—K7)
(Y9)
20 T o os (w9 Ao Slabgy Silw 4 -8

Sl SIS 4 iy

450 Jgoas DPLL Lot 1 b DPLL 5 Shes ¢ 2 opl 53

FY,¥¥] 358 oo dmlie dsl g 5 (556 Glate bosss > L DPLL 5055
e I a5 el e sl U 15l sl
355 oo oMl o pil yon (g s 5 o g (g s 5B o (IS
Caliee (gla 55y oluiSTT 03 gdome 9 s 5 03 gdoes (e Ol U
5 2 DPLL 5 Jsens DPLL b aslio 3 1358 amlin [SGuSS L
& p3° £ srasm S50 oS I 2SIyl g5 (650 Glate oS J 28
5 S Ol 1y (53355 S 5 alm (sla el s> sl pke il

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod M o o J 28 dles


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 ]

[ DOI: 10.29252/joc.13.4.65 ]

vy a5 3B S U S G b 5 ) p ASTLVL 5 5 ety Ll 5 s ol U b3 pglis s 1 b

0Ll (gdga (6310 plll s

25 | () (13 5 50l 5 (53555 Jolom (31875 o0k

70 80 90 100

) (a5 ) 0l

0.6 (OLs1) s 5 85l 5 83955 Jal 516 5D

0 10 20 30 40 50 60 70 80 90 100
() (a6 o) 0o

(©L31) 36 5L KT oy =

05 Y A A A e g . :
205 ! v‘. ».' -“ [ \.\_4 I V' 4o "
-1 )
-1.5
0 50 100 150 200 250 300 350 400 450 500
@ (a5 o) Ol

ok Jlosl &S o5 4 (golgiy (s Gl L —
[FYF] ol g5 636 preme LPLL et [
[F+ 6] Jsane pss 5w PLL o, LY

ot Gl 3 e 5 83555 Jal (WIS 3 s (Ll 1) I

4 ly 53 a5 (83505 ol 6 el (G 36 a0 S
A QB ey 3 a0l B (S 52000 S5 s

oS 3l yue o g 5
G385 9 bl S i alieo Sledigs dwslie -7
S 5 4omis 9 PLL Olaselo

S5 By ol aes a¥sle dwlie (oS ey o8
Bl Calises )8 Ll aen j3 oS LK oy ) ol JSCi
FFrlp b il Fp 2 03 2 s s AS Jes g
Lyls o8 Sy Js Libe e 5, Ses s Lols glag b
G 6l 9l il dalp S 35 S, o) SIS s 8
G0 R 2050 93 65 s DS 0l » 3 atmia 5 )8
3262005 355 Ol ol Jos 53 el 0l b oI 25 o Sae
S U S a5 518 Ol o 4585 n 13 g 5 | Lol o gl
OWl i il s 0T 53 &8 3505 gy 8l 955 1, PLL 015 e
— 9 S o Wl |y 0 J ST EE (s 5 0wl 5 oS 1S
5 s b 55 SIS e e o ab Ll gl (See sl
255 L5 i La ) al ST o el 55 Sl 2 5 U e
(S o Salys 5 0la3 L juite 3 ) s Golas Olej b ke S SIL
0 4 S S e o S IS A SIS e b
A5l o 48 13 1y S o ol AST e ol (36 3late 5 L il (sla
H20 % b0 T ke Oljs 5 S e Stz 5 5 5 s b

ES . . - . g . é
u&})up}.a:-)a.:y.MI?U}M;»JQ*;:,!)KA{‘_;:%)K)I}J&:

1 I fl‘ ------ e Ty iy e — =
08 [ 'i." g
0.6 l (©L31) dowe 5 gl 56
04
02 | I
[\ I—
0.2 - - -
0 10 20 30 40 50 60 70 80 9 100
() (436 ) O
1 .
08 (031y) om0l 5 (6395 Jol 5B Dl ]
0.6
0.4
0.2
0 oo o
I L
0 10 20 30 40 50 60 70 80 90 100
(o) (a6 o) OLe

(55,2) (13 5 5%l 5 63955 Jal il 3 Dot

40 50 60 70 80 90 100 110 120 130 140 150

(456 o) 0

0 10 20 30 40 50 60 70 80 20 100 110 120 130 140 150

(5) (456 ) Obe

(o) (36 e Olej

ok Jlosl &S 0 4 (3lgiiy e Gy 0
[FVPF] Uslgs 6 prmn LPLL 5y @
[FrFY] Jsamnpso 5 pPLL sty @ meneneees

SN (0 Obsly & 5 aly ey 53 Jowe 55kl 5B (LI Y I
Vel (7 Dlaly K dly dly 4 Gy 53 s 5 (53955 Jal 56
Nl (55 e &K}%Qéﬂg)}ém}é)})}&b&l{}
D5l 5B (o e a0 IS Al ey 3 e 5 53505 ol 5B
s s 3B S 4 nly 35 e

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod VY o o J 28 e


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 |

[ DOI: 10.29252/j0c.13.4.65 ]

o= 36 el ST G b 51 glay s ASTE LY Gy 5 eSalys Ll s Juls IS obs) pslie e b A

Ol (gdga (6310 pll e

[11]S. Skone, G. Lachapelle, D. Yao, W. Yu, and R.
Watson, “Investigatingthe impact of ionospheric
scintillation using a GPS software receiver,” in Proc.
ION GNSS, pp. 1126-1137, 13-16 September 2005.

[12]F. A. Khan, A. G. Dempster, and C. Rizos, “Projected
bandwidth loop -an alternative to adaptive bandwidth
loops with reduced complexity,” inProc. IEEE
Symposium on Position, Location and Navigation
(PLANS), pp. 1147-1153, May 2010.

[13]D. Simon and H. El-Sherief, “Fuzzy logic for digital
phase-locked loopfilter design,” IEEE Trans. Fuzzy
Syst., vol. 3, no. 2, pp. 211-218, May1995.

[14]W.-L. Mao, H.-W. Tsao, and F.-R. Chang, “Intelligent
GPS receiverfor robust carrier phase trackig in
kinematic environments,” IEE Radar, Sonar and
Navigation Proceedings, vol. 151, no. 3, pp. 171-180,
June2004.

[15]W.-L. Mao and A.-B. Chen, “Mobile GPS carrier
phase tracking usinga novel intelligent dual-loop
receiver,” International Journal of
SatelliteCommunications and Networking, vol. 26, pp.
119-139, 2008.

[16]P. Lian, “Improving tracking performance of PLL in
high dynamicapplications,” Master’s thesis, Dept. of
Geomatics Engineering, Universityof Calgary, 2004.

[17]D. Polk and S. Gupta, “Quasi-optimum digital phase-
locked loops,” IEEE Trans. Commun., vol. 21, no. 1,
pp. 75-82, January 1973.

[18]A. Patapoutian, “On phase-locked loops and Kalman
filters,” IEEETrans. Commun. vol. 47, no. 5, pp. 670—
672, May 1999.

[19]B. D. O. Anderson and J. B. Moore, Optimal filtering.
Prentice-Hall, 1979, reprint: Dover Publications, 2005.

[20]F. R. Castella, “An adaptive two-dimensional Kalman
tracking filter,” IEEE Trans. Aerosp. Electron. Syst.,
vol. 16, no. 6, pp. 822829, November 1980.

[21]S. Hinedi, “An extended Kalman filter based
automatic frequencycontrol loop,” Jet Propulsion
Laboratory, Tech. Rep., 1988.

[22]Y. Zhang, M. G. Amin, and F. Ahmad, “Application
of time-frequencyanalysis and Kalman filter to range
estimation of targets in enclosed structures,” Proc.
IEEE Radar Conference, pp.1-4, 26-30 May 2008.

[23]H. Sorenson, Kalman filtering. Theory and
applications. Los-Alamitos, CA: IEEE Press, 1985.

[24]S. M. Kay, Fundamentals of Statistical Signal
Processing. EstimationTheory, Vol.1, Prentice Hall,
1993.

[25]J.-H. Won, D. D’otterb’ock, and B. Eissfeller,
“Performance comparisonof different forms of
Kalman filter approach for a vector-based GNSS
signal tracking loop,” Navigation, vol. 57, no. 3, pp.
185-199, 2010.

[26]S. Han, W. Wang, X. Chen, and W. Meng, “Design
and capability analyze of high dynamic carrier
tracking loop based on UKF,” in Proc. ION GNSS, pp.
1960-1966, 21-24 September 2010.

[27]P. K. Dash, S. Hasan, and B. K. Panigrahi, “Adaptive
complex unscented Kalman filter for frequency
estimation of time-varying signals,” IET Science,

Pl ) G &S s @j«&ia!g@lpyvﬁd)lﬁyldh
2L Js Al g 5 Jsd B 5 R0 Ll L Sl S
G i) gmop 2ss el o) ot Gails Sl S5
£33 &5 58 oS J 257 Sl esliial ) o 55 daids OLES Calies
3 sm Sla Saabad oo ade s 4 2b3) gt e (b
3B (sla oS SRS 1 gme (sl e ] o3Lil o&T ¢ b3y o
palte ol Glagtus (b Gl mle o) 15 (o0 ps2 £

sl

&y

[1]). Laskar, B. Matinpour, and S. Chakraborty, Modern
receiver frontends, John Wiley & Sons, New York, United
states, 2004.

[2]T. E. Humphreys, M. L. Psiaki, and P. M. Kintner,
“Modeling theeffects of ionospheric scintillation on
GPS carrier phase tracking,” IEEE Trans. Aerosp.
Electron. Syst., vol. 46, no. 4, pp. 1624-1637, October
2010.

[3]Z. Ghebretensa’e, J. Harmatos, and K. Gustafsson,
“Mobile broadbandbackhaul network migration from
TDM to carrier Ethernet,” IEEE Commun. Mag., vol.
48, no. 10, pp. 102-109, October 2010.

[4]M. Paonni, M. Anghileri, D. Fontanella, and B.
Eissfeller, “Quasi-pilotsignals: improving sensitivity
and TTFF without compromise,” in Proc.ION GNSS,
20-23 September 2011.

[5]J. T. Curran, G. Lachapelle, and C. C. Murphy,
“Improving the designof frequency lock loops for
GNSS receivers,” IEEE Trans. Aerosp. Electron. Syst.,
vol. 48, no. 1, pp. 850-868, January 2012.

[6]). T. Curran, G. Lachapelle, and C. C. Murphy, “An
SNR dependent model for the CDMA FLL,” IEEE
Trans.Signal Process., vol. 60, no. 3, pp. 1522-1527,
March 2012.

[7]P. Roncagliolo and J. Garcia, “High dynamics and
false lock resistantGNSS carrier tracking loops,” in
Proc. ION GNSS, 25-28 September 2007, pp. 2364—
2375.

[8]R. Roncagliolo, J. Garcia, and C. Muravchik, “Pull-out
probabilityconsiderations in high dynamics GNSS
tracking loops,” in Proc. InternationalSymposium on
Spread Spectrum Techniques and
Applications(ISSTA), pp. 58-62, 25-28 August 2008.

[9]L. Zhang, Y. Morton, F. van Graas, and T. Beach,
“Characterizationof GNSS signal parameters under
ionosphere scintillation conditions using software-
based tracking algorithms,” in Proc. IEEE
PositionLocation and  Navigation  Symposium
(PLANS), pp264-275, 4-6 May 2010.

[10]F. Legrand, C. Macabiau, J. Issler, L. Lestarquit, and
C. Mehlen,“Improvement of  pseudorange
measurements accuracy by using fast adaptive
bandwidth lock loops,” in Proc. ION GPS, , pp. 2346—
2356, 19-22 September 2000.

Journal of Control, Vol. 13, No. 4, Winter 2020

QA Ol F o jlod M o o J 28 dles


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html

[ Downloaded from joc-isice.ir on 2025-12-14 ]

[ DOR: 20.1001.1.20088345.1398.13.4.7.4 |

[ DOI: 10.29252/j0c.13.4.65 ]

ve et $ 36 oS U IS 5o b 5l sy p ASTLVL s Salys Lul5 55 Jale I Jbs pslie i 1 b

0Ll (gdga (6310 plll s

Capability”, 25th Iranian Conference on Electrical Measurement and Technology, vol. 4, no. 2, pp. 93—
Engineering, 2017. 103, 2010.

[43] Wei-Lung Mao, “Applications of new fuzzy [28]1. Arasaratnam, S. Haykin, and T. R. Hurd, “Cubature
inference-based tracking loops for kinematic GPS Kalman filtering for continuous-discrete systems:
receiver”, Circuits systems signal processing, vol. 26, theory and simulations,” I|EEE Trans. Signal
no. 1, pp. 91-113, 2007. Processing, vol. 58, no. 10, pp. 4977-4993, October

2010.

[29]H. Zhang, P. Pan, and Y. Zhang, “Two-step particle-
filter-based AFC for LEO satellite receiver with
impulsive noise,” in Proc. International Conference
on Information Engineering (ICIE), 2010.

[30]Y. Chen, J. Juang, and T. Kao, “Robust GNSS signal
tracking against scintillation effects: a particle filter-
based software receiver approach,” in Proc. ION ITM,
pp. 627—-635, 25-27 January 2010.

[31]C. G. Lopes, E. H. Satorius, P. Estabrook, and A. H.
Sayed, “Adaptive carrier tracking for Mars to Earth
communications during entry, descent and landing,”
IEEE Trans. Aerosp. Electron. Syst., vol. 46, no. 4, pp.
1865-1879, October 2010.

[32]S. Schnelle, J. Slavinsky, P. Boufounos, M.
Davenport, and R. Baraniuk, “A compressive phase-
locked loop,” in Proc. IEEE International Conference
on Acoustics, Speech and Signal Processing (ICASSP),
pp. 1-4, 25- 30 March 2012.

[33]R. Baraniuk, “Compressive sensing,” IEEE Signal
Processing Mag., vol. 24, no. 4, pp. 118-121, July
2007.

[34]D. Jim’enez, G. L opez-Risue™no, G. Seco-Granados,
and A. Garc'1a, “Innovative techniques for GPS indoor
positioning using snapshot receiver,” in Proc. ION
GNSS, pp. 2944-2955, 26-29 September 2006.

[35]D. Borio, L. Camoriano, L. Lo Presti, and M. Fantino,
“DTFT-based frequency lock loop for GNSS
applications,” IEEE Trans. Aerosp. Electron. Syst.,
vol. 44, no. 2, pp. 595-612, April 2008.

[36]T. Muhammad, L. Lo Presti, and M. Fantino, “A novel
quasi-open loop architecture for GNSS carrier

recovery  systems,” International Journal of
Navigation and Observation, pp. 1-24, 2012 (In
press).

[37]C. Rocken and S. V. Sokolovsky, “Method and system
for demodulation of open-loop GPS radio occultation
signals,” U.S. Patent 7 912 422B2, Mar. 22, 2011.

[38]Jos e A. L opez-Salcedo, Jos'e A. Del Peral-Rosado,
and Gonzalo Seco-Granados, “Survey on Robust
Carrier Tracking Techniques”, IEEE communications
surveys & tutorials, pp. 1-19, 2013.

[39]Bibhu Prasad PANDA, “Design and analysis of
efficient phase locked loop for fast phase and
frequency acquisition”, Master of Technology,
Department of Electronics and Communication
Engineering National Institute of Technology
Rourkela, 2011

[40]Jerry J.M. “Uncertain Rule-Based Fuzzy Systems”,
Introduction and New Directions. Second edition. Los
Angeles: Springer International Publishing, 2017.

[41]Jerry M. Mendel, Hani Hagras, Woei-Wan Tan,
William W. Melek, Hao Ying, “Introduction to type-2
fuzzy logic control,” IEEE Press, 2014.

[42]Moradi M, Ehsanian M. “An FPGA based Robust and
Intelligent DPLL with Application Customisation

Journal of Control, Vol. 13, No. 4, Winter 2020 VA Slie ) oF ol Ot oJ xS aloes


http://dx.doi.org/10.29252/joc.13.4.65
https://dor.isc.ac/dor/20.1001.1.20088345.1398.13.4.7.4
http://joc-isice.ir/article-1-616-en.html
http://www.tcpdf.org

