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ABSTRACT

In this thesis, a new absolute phase detection scheme (APDS) is presented.
With a simple mathematical analysis, the proposed APDS algorithm is capable of
accurately detecting the absolute phase without using reference phase like other
conventional techniques. The other massive benefit of the proposed APDS scheme is
that its range-expansion flexibility for each application depending on the selected
traditional phase detector. Based on the proposed APDS, BPSK and QPSK
demodulated simulations, accurately recovering 16-bit-information data, are
implemented with the blind carrier recovery methods. From Matlab simulations for
BPSK and QPSK demodulations the proposed APDS scheme provides the
convenience, advantages and acceptable results in comparison to other traditional
techniques.

In the second part, a proposed sinusoidal automatic gain control scheme
providing a unit magnitude and 90-degree phase shift output for all inputs’ frequency
components is proposed. With a very simple mathematical analysis of the SAGC, a
large carrier AM demodulation and an FM demodulation schemes with the blind
carrier recovery method implemented based on the proposed SAGC are presented.
The prominent benefit is that the proposed AM and FM demodulation schemes can
correctly recover the baseband signal with the blind carrier recovery method. In
addition, the SAGC scheme and the proposed FM demodulation are combined to
produce a new instantaneous-velocity measurement method for a continuous wave

Il



short range radar system. Because of a very small echo signal input in the unit of uv,
the SAGC scheme performs as a very high gain amplifier to produce the unit
amplitude signal. The instantaneous-velocity value is obtained by converting the
Doppler shift frequency of the received echo wave with the shorter delay time using
the SAGC-based FM demodulation. Using the computer simulations, it is shown that
the proposed applications of the SAGC scheme are more convenient and

advantageous compared to their traditional techniques while providing acceptable
results.
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AGC 1Usegndld endrodradu Tueudde (18] 16312993 AGC fithunldauiuszuunis
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2.1.1. msqmﬂaﬁmama%uuuuauzﬁan
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'uanwnan%ﬂamwaaﬁmmLwaﬂmﬂma'sﬂxummmf}uaaumtuamaunuaty:ymmaaa
mnniww‘[uww 2.3 muammmmauwuﬁsuvmqmmaaﬂaaatyfymmewmuavmmm
fana wm'imm'I:J‘uwaqmuﬂﬂﬂ'[umauu 0° i1 180° ﬂvuanvmvmuﬁanﬁumu wagAn
wuwmaqarycgmtmmwmaaaumlumnu'lu'mw mmmsnaiﬂlmwwsLanﬂﬂaﬂuwaasmm
wamimaines nmummmm‘sdumsmm'«aumm'mmqtﬂaag'[umq 0° fiv 180° wintfu
Imwm‘ummaaammmmmwmaauuﬂwumsanwmmaammmmmwawmswwlm

2.1.3. yasluluamdadadlavsined  uazerfeanaunasUiaiinaine s
(Mono-stable Multi-vibrator and RS flip-flop)

udsnlaezunsuvenvsliluambaiailiusnes uarerileanaunasuiaiing
woidwandluzui 2.4 fiesduseney 2 daumdng Ae revshiluawmidatailiusnes way
orsleaviunasumaiinawmes [11] ugausrasdnisldamnesiionisnsiasuanmnusing
memammmmummnunma'«aitanﬁﬂavwaaﬁanwammmmmummanummmums
vhaoufurensludis 360° aam

V4
Up - — —
|
kd |
I rad
+
0 T 2T

d o L ¢ ! U ar :
3Un 2.3 ﬂ'i'iwu,aﬂqmmauwuﬁ'svmﬂaﬂwmmaqamm'\mmﬁwmaﬁﬂ u, VOINII
\WBndngdneasinanaiivames uay AAINAIUNG eIy udunauas

u
o v

WY IUD DY



A1
v,(t) _ﬂ_ u (1)

Monostable

v, (1)
QF———

u,(t)
v, (1) l '

Monostable

o a oa L e
U 24 vadenleerunsuvenseshiluawmibaiailiusines wazensioandunasuina
VETERE

wsluluamdatadliusines Hwnsifadlavsimesifianmsfivsan i
Wuanuriiadios uazwasﬁasa%“wﬁzytmmﬁLﬁuﬁaéuﬁm 1 gndemsnszdunilsassann
Muuen ﬁaﬂ';uﬁm%”umsﬂszqnm"l‘z’fmmwiTuTuamLﬁaﬁaﬁhmsmas"luszuuﬁﬁwmuaﬁ
Namzwﬁmé’[y:mzuLaﬁﬁwmﬁﬁﬁnwmLﬁué“zyty"lmﬁ'aﬁsimﬁm (Pulse train) dwisutould
Dudyarasunndvivisesensioanaunasy Fnserfieanauviany AB29957%D9n3
dumm 2 dyna R (reset) uae S (set) waviiiedinm fie O wax O INAUANTRAVD 2995
o15leanaunasuiingnuni dwmalinsuszgndlionsenesersioandunasylusyuud
ﬂ'aLauaImmw'ma"s’"lqé’tyty’rmﬁ'mﬁ‘ﬂuﬁﬁPi'mﬂun":"nﬁ'aé (Duty cycle) laiwiny Ima‘i'xvuagj
ﬁ’uszaxmwaqﬁmwﬁqﬁaa‘maqﬁmmmmﬁwmwanwﬂuiummLﬁaﬂaﬁ‘hmsmas’ﬁ"’a 2
dyaauuSouiieusu

NIMgUR 2.5 u.amaFm:uﬁ'mﬁ’uﬁ'sw?'wiwu'mwma”fyrgmtmﬁwmmﬁ'a uazAIAI W
manavesdaye o Imamnnswﬂwm’nLé’un'ﬂwﬁé'nwmw.ﬁuﬁoﬁﬁutﬁumsq wazdiAnAudy
Judwan k, ﬁafuaqﬂiﬁdwmmé’mﬁ’uﬁ'ﬁﬁﬁ’ﬂvmuﬂuﬁaﬁ{l’mﬁu Famnearaindrany
aml,wmﬁ'u%uﬁ%ﬁawaﬁﬂﬁml,aé"mmﬁrysyﬂml.mﬁv!mﬁﬁi"nqaﬁvuﬁ'w uananfuanilaridy
Gaduinulunsingudl 2.5 geannsoagulddnidumahauvenmsiluamdatasly
Wanes uaxm%mawﬁuwaamwa&mmaéﬁdwmsﬁwmni’wn’mwné‘nﬁﬂq%m)a%mm
WiahiAnes wazresnaaRmAmefuLULauESen

&
2.2 WUZIUYBINIT Automatic Gain Control (AGC)

’Luﬂwﬂ’uszuunnsﬁams%’agalﬁnawLﬂu{]aﬁ'uﬂ"wLi‘Ju'lu-ﬁmUszi]’ﬁ'wawuué
walulagndiunsdoastmiqiifinudede Kaziimiumudigs, s1a09n way fuunn
#idn lisumsAnfunasiamnegusioiieg 'lu'sxuumiﬁ’amiﬁguzhuﬁei"lﬁzyu"md'mwﬁq
vouATasTudynFed LTSN front end ?fcﬂudwiﬂﬁums%’uﬁa:‘;amnm‘%‘mﬁaﬁgﬂ
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7 =

i
EU'V! 2.5 ﬂi’]ﬂtlﬁﬂdﬂ?'lﬂJﬂﬂquﬁiu'W)'Nﬂ'l'UU”lﬂ‘UaﬂﬂiuEU’IRJL'!]’IFIWFILQﬁU U, UYIINI9

Tuluawdadadlusines wazersieandunasUiannawmes LAZAIAUAINNE
svmwacytmmauv!mLLasacynpmmaaa

dwiutosdyyindoaisun u,av‘uauaauﬂnﬂs"maualwag"lusﬂu.uuwmm.,aunaum“
dswululududaly

N1A front end 'uuLﬂumumﬂzywnn'l't'ﬂun1511iuuuum'mmminLLavmmmwana
Tunwsiuvessyuy ummwvLﬂummmaaﬁrgmm'm‘]'zjaqivuu uNAIBELTY {]:umrsaq
peak-to average power ratio (PAPR), ﬂzymmﬂummaaivmuammﬁm wazlgyninig
anvouveIsTALdyy I Wusu maﬂzymmmum%uummmmmnwamnﬂmw YDITTUU
Ly ﬂmﬂmawﬂwaqmsmm FTYENNITNINNATDIAIUAZIAT IS sulufsvilaveq
waaamzym muum‘saqswammumaauaﬂmmwummamwm’iumssuacg:mcu'lumumw
Lwa'ﬁaﬁuﬂmmmnmau

ﬁ"m%umsur‘a’ﬂfgmmsamﬂawae'svﬁwawmmaaﬁmm’:m'lumﬂ front end thy
N33 low noise amplifier (LNA) gnunnyszgnildau ANANTAYD995 LNA tuaeri
umﬁ'[un'n"mevmumwaamwaqammm Tuvuziden numa'luuam"as'marytmmumu
Tuszdush Soilddyanaiinuises Lna fsziunneiivmnzavdmivnsussnanalunin
fnluvaesTUY Lmawsu{]mmmsmqmwaaazytym (Fading) way M3AsusEiUAIIUIn
YBIFEYRYIU 2995 automatic gain control (AGC) [16] Ieigninnlduitleymvani Tneii
33UV AGC LUu's.,Uw'ﬂ%‘lun'l'ssn‘d’uana'smmaasvmuafyzywmmmwm'lwmmmmﬁimwlm
wuaanwzmwaaamm'nmauwm SEUU AGC 'lsmmsU's.,qnm"(.'muﬂsqu'sn'[usuuu*um'ma
doans mau'sm.,ﬂu-vmacy:y'\m;mmwmaaauu‘lwmw dmiumsidadgminisamie
VNNTUNINSEABYDIdRYY I8 (Fading propagation) 142995 AGC luvdenlaezunsuves
msaa'i'ummsnnnﬂﬂmawmwm gnfIvgINYY 'Lumﬂ front end w3e 'lua'sumuam
VBUATBIFY wuaanmmﬂswmﬁlumﬂmm ueNIINia9s AGC eannsngnasnuuLIuN
'l'm'm'luqun‘smuas‘uuuanmum gnieg1gy Tussuuisens (radar), svuulewnd (sonar),
\WRIDITULUU WLAN [15] uay svumwslﬂﬁﬂau‘] (18-19, 24-27] lasea$19v0358UU AGC §]
wmaiﬂLL'uwuaanuamls.,aaﬂmvmhﬂ'wu
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Feedback AGC [17] fianvauslassairessguil 2.6 (a) Falassasrandng avUsznay

lude WTAWEAIU AD variable gain control (VGA), detector was comparator laeil
Y] o v & o a v a ¢

ann1ININIunIl ayuunm ¥, WHNVLIUNIBI9T VGA nAnungnAvAulag

doyye V. Lﬁaﬁaw%’mwmmmﬁmtyﬂm Vour Wimnnzay Taene93 peak detector gy
Vel 'lumsmﬁaaﬁ’uﬁwsﬁwmﬁ’mmm Vour WninennSauiiteuius Vg WaEQN
o ) d 6 ) q‘ a a ' .

ulueinu Nwnsssnmadiiensene @y V. NAVNIAIUANANNNNTD995

VGA Snate %a*ﬁ'aﬁ'aaa‘iﬂsaas”wuuuﬂauné’uﬁ ABAIFIIAEN1TY91U9897995 peak
detector fifei, Anududaduresseuuiige duteidevestassasrauvutioundui fe dn
WuusInv wawwsﬁﬁwﬁﬁmﬁua@ﬁum settling-time Lilas9 nen settling-time AaAaa77
2993 AGC 1dlunisuuen ain *uauwsa)ummsnﬁﬂﬁ’ﬁiwmmmE’i’ryry'lmtmﬁvmﬁwmm
MAFDINS TneTigan settling-time fiFindagavdwaviliiuuudinivernses AGC i
170 WosmndeanisTien settling-time vo9sfida [16] Fauilarduye VGA gain
svagnimuntulivnsay

Feed-forward AGC [16] fidnvauzlaseaiiadoguil 2.6 (o) Falaseadravang v
stnaulﬂﬁwwﬂ'samd'smiutﬁmﬁ’uﬁ’uwm feedback AGC i variable eain control
(VGA), detector uaz comparator lagiivdnnisyauded dygudunn ¥, WONMSITTU

ASYAU vaadtyey10ulnen99s peak  detector uan YTl 1Ssudieutuen
Vier  Wazgn vlueinuy WAINTRIMDARELRBN B dyyeu ¥, NEVLAIUANFN
9MT1VYILVBINIT VGA Liteth 'LUU%'UFi'mmmaaﬁnyrmm Vi Fedoivedlassadrauuy
feed-forward fife ansodetayaliuin wazen settling-time fiengin [18, 25-27) 'i']"uagﬁ’u
N33 peak detector ¥ty dudoidevadlasiadanvuias ATMEUNI5Y19°  (Dynamic
range) 9499335 peak detector liFinga [25) L{jmmnﬁuﬂmgﬂﬁau‘lﬁﬁmws peak detector
Tnemsa LLasﬁauﬁummLi‘JUL%é’u’iﬁssumﬁam”mhjﬁ?hwmmsﬂauné’wamﬂs

(a) Feedback AGC (b) Feed-forward AGC

‘J L7 v
3U# 2.6 anwurlassainevesssuy AGC
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2.3 msuwlasdadse

mM3ulasgaidin [28) Li‘Jumsv‘hﬂauhqffuﬂaaﬁ’rytumﬁm!m(x(t))ﬁ'unamauaum
duwadvesssuudalsn awnsouandlddaunsi 2.1)
i =]
x(t)=x(t)*— (2.1)
at
We £(7) L"'[‘JutmﬁvgmwaanﬁwaaaaLﬁs‘mmé’rymtuﬁmqm x(7) wazdiomsuvasSes

—] s ) -
— wlinadnsaaunisa (2.2)
7t

H(jw)= F{ 1} = jsgn(w) (2.2)

7t
Jeflaridy Jsgn(w) gnilewsisaunisd (2.3)
H(jo)=jsgn(w)={ 0; @=0 (2.3)

-I; w<0

aei'n'liﬁmumsLLanSaL‘G%mmmsngﬂLLam'lﬁag'lugu'um'ummLLastaﬁ'}'aaumsﬁ (2.4) uay
(2.5)

|H(jw)|=1 (2.0)

LH(jw)= (2.5)

[N Ny

Tuaunis# (2.4) uas (2.5) wansliiiudissuumsulasdadsmarliinansenuson
WINvRITYYIUBUNR uAvsdouave Iy IuBunely 90° lunnqesAvszneuainud
uNAIaE YU AuAlY x(1) = 4 cos(ar) Judygradunadiovinisudadaiiinagle
dygranowwalu 2(r) = —Asin(wr) wazlumenduiudduwadu x(r) = Asin(wr) ¢

L & I ~
ladyaauerdineu 2() = Acos(ar)
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2.4 NIUIARANNVUIN LA msuagmmmqmwﬁ

luiwawﬁwuéaﬁuﬁﬁwLauamsmuﬂnﬁﬂ“ﬁ’mu'suwmiﬂ'wﬂuwﬁwmﬂwaaﬁmmm
ﬂausﬂl‘nuasﬂuum (SAGC) iiethunairndusruunsiueganvnavuin WATILUUNIANEY
@AV muu‘luaiuu%waumauawanmswumwaammamammwmm uWarnITNeq
asmuiuuusadnlise Ul

msveguandgyrs (28] WunszuaumsiildlumsindeudreaiunaSuvesdygyiu
‘Zj’l'lﬂ’]'i'lﬁaﬁlﬁﬂﬂ’j'lﬁw_‘ty'lmLLUUG?!&?I:{]']‘H (Baseband) Tvfimunzaufugiuamiivesams
deanaiiiededgnauuuiyaguiteguanideuiesudaniuteinisdeanstululd ludauios
na”nﬁaﬁ‘awaamsuagmmmwu’m (Amplitude modulation: AM) uwagNITHBNAANIY
AR (Frequency modulation: FM) Pwedauusssalus

2.4.1. NM3HYLaANIIYUIN (Standard AM)

nsuBgLaRNNYUIATinznadluduil Wunsuegandygyiutnarsiuiy
é’t‘gty’lmﬁauww IﬂEmllﬂ’l‘iE‘Nﬁiyty’lmﬂaUW’l'ﬂUW$EﬁJﬂU‘UTJ?I"I‘iVIﬂﬂWIﬂ"ﬁi.li]ﬂLﬂmﬂ’JE!ﬂﬂ
u.am'l,'usﬂw 2.7 @efwmua m(t) Lﬂuangzy'lmﬂ'na'ﬁ wsaammmuamuwmmmiuﬂﬂuaﬂ

anfudygrandunmi o) = 4, cos(ws+6) Jygrameganwuin @, (1) fiady

ASOTsULANILANIT A

Gue (1) = A, (1+ k,m(t))cos (w1t +6) (2.6)

ﬂl L. ' ' ar e v o
MNAUNITN (2.6) WUNFYYIUUNET m(r) AIVANFIYUIAYBIE Y IUAGUN IR DY
mudgygudnarsiaghifinadedinutidom o, weza 0 vesdymyiuaduns lay

I = 1 = aad e 1 [} v [
k, ~— fio AnlveINsHBgIan (Modulation  sensitivity) usietinslsfiniy &, fpslsl

i
villidn (1+k,m(r)) fiendnay uaz emnuasainlumsiinseidyaio uazlildvila
myleseidvmamnglaeyialuudels Sadwueld 4 =1 uar 6= 0 sraunsnidou
aunshuguinszduduliiu

cos(w, 1 +8)

Jun 2.7 Ué‘anlmazunimaqmsﬁuagnammwmm (Standard AM)
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B (1) = (14 m(0))cos(w,t +6) (2.7)

e @(w) AegnisudasiFesees g, (1), C(o) AoAn1suLUAIiTEsYBY c(r) way
M (w) ﬂaﬂmmﬂaawnﬂwaa m(t) mammmﬂaamsasaumw (2.7) aglamudunus
Favolui

(D(aj)=%[B(a)+a)c)+B(a)—an)]+C(a)) (2.8)

Faaunsii (2.8) wanslviiuianaduvesdyyin m() uumannuamammwmmmm
nnmamma‘lﬂag’tumumwnwawuua"mumwnwmm Tmaummmnnmwmatymm

Lmnummmnwmargcyﬁfuﬂaumu w, mmﬂnmmwmmumaadmumaummnu du

v

aLﬂnmﬁwmamfy'\mwaq‘tumummnqqLLaxmum'mnm'muL'ian’n woUTNEINUY  (USB:
upper sideband) wag waud13@uan (LSB: lower sideband) Aualsu

2.4.2. N13ANAALAANIITUIA

d o l o g
NILUIUNTNRLT YAATIAT m(1) naun'mnazyrywmﬁ'lﬂmmmamamluLLa'J

4

Faluitiwualhidu ¢, (1) uummsnmlﬁimmamwanq 2 38 fie msAueganwUy
dunns (Synchronous demodulation) uway msmuamamLL‘UU'[mwsmsmwnsauawwm
‘lumuuﬂvﬂananmmﬁﬂuamamwuauwmsﬂau m'sm.namawuuuauwwﬁmmﬁmsﬂuaﬂ
LammwsuammwuamLamwuﬁmﬂuwsalmuargcg'lmﬂauwmaammEJnlm YaMaNN1599935n15
Ao I.FliiN'iU‘ﬂuﬂEJdVﬂﬂ’liﬁiNﬂﬂU‘W'mmJﬂ'J’I:JﬂLLauLﬂﬁﬂiﬂﬂuﬂUW’Nﬂ‘]mﬂimﬁdLW':]LIEJQ
Lamn‘uargtuwm B (1) winhdoygounensive £, (1) ﬁlﬂmﬂmmamamcn*ﬂﬂmu'msniaq

ALAREIY (Low pass filter) n%slﬂaiyzmm'rn'aa'ﬁnamum mmmauwuﬁu

S (’) =P (I)COS(CUL_I)
=(1+m(1))cos’ (w,) (2.9)
_m@ m(t)cos(2w,t)

2 2

+cos’ (@,t)

AN (2.9) wuidledygnu £, (1) weinnsesnseammdeiety waisisawa
" m(t)cos (2, (r)
v 2
winfy 'Jﬁmsnazysymuuuauwmmummqwgmnauavmwmaminazgrmmﬂmsnaum
17 wilumauiRud duadesiulianmnsnadsdygruduniniaauitunalrns et

+cos’ (w,) fazgninde faly wiaissduimdudygrainans 22

v
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THnsafuiadesdeud avdwmaviliiAnmuiiaiousudygyudi f}'n AUAUNT AINUNTS
msmsumﬁﬁmwmasg]uamuvuauwmsmﬂaumwwau

uanf.nnﬁ'ué’aﬁ’“s%msﬁuagmmﬁ’zymmﬁnﬁ%’wﬁa%"qL'?s'un'a'ﬁ%‘mimswi’unsauﬁ'tyrywm
(Envelope detection) 3‘5miﬁna@tamLLUUﬁmmmﬁ'fLﬁiwun’jﬁ%'msﬁua@,amquﬁuﬁ’ﬂﬁ
wiszdesiidoulyiumsuenianiindu Ae dygiutnans m() fivian1suegianan
in3esdsnzsinaluifissiudygradidudiay tuile ddyyiutnas o) Tduvessyiu

dygrauidurtavieiasdazdonhdygraulwnssouin 4 Tad wsmiudgiu b()
vl
muleideuly

m(t)=A+b(1)20 (2.10)

G‘ i e q‘ o L3 a g ﬂl L4 v o v o
Jwanlanfelodnedyyi m(r) Wusgaaiudygrunduniudesviilidinseures

azy;mtuuamam‘uu'mmuaunusﬂaawaaammwmmamswnﬂsvmi d5U7995m57293V
nsauammﬂmu 'swswumuamanwmmmam‘[usﬂw 2.8 (a) Fe@wnsnodurenannig
vaunedavulasss

dedidyamagansuin v, (1) luguil 2.8 (b) udunavensesluzuii 2.8 (a)

&

'lvmuimuwmnﬂﬁaumLnuﬂﬁuqumLwmmm'macyty’nmauwmaunsmmwmaammammm
mamLua-uuwwaqaunmumammmmwﬂqaqm gnuhussiuiitrenlunvedlalondininds
mina dawavilvilalenvgaiinszuadauiulszglemedssgiumanuiumu R Tueg
419 wniv'ﬁuﬁ'aé'ft:yty'lmﬁuwmﬁﬁﬂLLsaﬁumnm"\Lﬁaﬁuﬁmnﬂiauﬁ’mﬁuﬂsuqﬁnﬂ% Taloaf
ﬂ.,mnsuu.aLwa“l.ﬂﬂ's.,wmm'uﬂsyaﬂunsvmmﬁmaaamaqaty:quauwm'lmasaunmman
AT warAuUsEYRENTIY maauwmummaa Wuuidnludesy muunsauafyq;mw
nnduldiifietnans m(r) Afeans usesnalsinunseudygadinseduldiufiesiing

dll <« a0
luvasidygraduwniirinduun lalea D wshnszuailfifansussgdufivisey €

(@) 239InTIRUNTRUAYY (b) Ayoamagianwun v, (1) waznseudygynm(r)
d o ar ar
JjUNn 28 wsmsndunseudnyyin war dygruuegaatuin v, (1) waznseu

doyeyrew m(r)



16

nIzieNmMsAIG o LﬁaamnmsU‘axquaxmwizwmﬁ'uﬁumsrg Aedudmivases
msmﬁ’umauﬁmzywm%eﬁmagn1ﬂiﬁtﬁau1ﬁ1un13tﬁanﬂ'wmmﬁﬂumuLLasﬁwﬁuﬁwizq
RC Mwwgaudsannis

—[—<<RC<<—I- (2.11)

A Ju
looi f uay £ ABFAAYDIAA WY LLa::Fi'mmﬁqaﬁqm‘uaqﬁmty"rmh'am'smné’wﬁ'u
o v a ;i = a1 v ) -
WAAINUTUIAT RC (Time constant) IIvzAIANTIFPUa YR sd ey MR
L3 1 4 ﬂ‘l‘; < o ]
NN uay uaan’ﬂmm‘unawaqumaaatymmm'smsmn=|

V oo

a;ﬂ'uam'vaanw’lif“a%‘mswﬁ’unﬁavﬁ’mty'n:u ﬁa'lniﬁ'aqﬁmsa%’wa"zyryﬂmﬂﬁ'umﬁﬁ
Lﬂ%a%’umﬁau‘i%’msﬁuagLamuuﬁuﬁwé winddodiaididy nanuds AB gy
'u"na'lsﬁgnuagmamsﬁaahﬁﬁwﬁag’[umaﬁﬁmau, ﬁwmmﬁﬂaaﬁtgrymﬂ?{umﬁaxﬁaaﬁm
mnn’hﬁnmmﬁ‘qwmﬁmzywmmmsmﬂf] way L‘E'au'lwawhmﬁ"u%enmﬁ’aﬁndnm’lu
aunsi (2.11) ﬁoﬁ"u'lufiwu1ﬁwua’nﬁuﬁ%’a‘lﬁﬁ'}mua‘szuumﬁﬁuaqmmmwmmﬁa:juu
ﬁugwmsﬂssqnaﬂ.‘r'fa'm'i.-:uumsmuqumwmmaqe‘f’ryty'lmﬂé'{ugﬂiwﬁé’miuﬁﬁaﬁaaﬂ
Ugyrstainanaandnagy,

243.  mMsuegiannendud

NITUDAEANIAILE Fa Msuaganvin L ve @y undun; @, Waguulas

v

muﬁiwmmaqﬁmmmﬁﬂmi m(t) nanfe
@, =@, +k,m(t) (2.12)

laofi @, Ao Aeuithune (Instantaneous frequency) uag k, fp ﬂ"]mﬁ'uaqmsuagl,am

i muald £, (¢) ﬁ’fgzymn,mmwmwmumsmagmmmqmmamaazyfym'uﬂms m(t)

€

a

vdyIuAdUNIY ﬁ'aﬁ’uazlﬁaummammmﬁ’nﬁué'uaaﬁiy:ywmé’\:ﬁ
|
g (t)zAcos{wct+kffm(r)dr (2.13)

laeii 4 AR YIAYedy Y AR LY

Felumsidygruinaans mr) NavMANIINFy gy rumegianaIw Sins () tiuvinle

2 '
L] i <

waw?%'gm"luaw%amzna'nnﬁ%’msﬁuag]l,ammqmmﬁuuuﬁugw Aonsddyy

a L3

S (1) Wrinuineasvieyig (Differentiator) ué"sﬁ'iﬁ‘tgcywmﬁlﬁlummwsms‘mfl’unsau
) - & v ' v
AR AU 2.9 Aelidyanasnduiugn
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S | d fDFM(t)‘ Envelope | "U?)

dr detector |

=i < - =i
EUW 2.9 Uﬁf}ﬂlﬂE]tLLﬂ'ﬁlJ‘U'éNﬂ'ﬁﬂiJE]ﬂLﬁmW'NﬂT]ﬂJﬂ

o

- . = av v o LY L3 Ve
1NN 2.9 £, (1)Fe dyyrauilaniasieyius awnsouanddfeaunis

_df (1)
ff)!-'M ([) - T o

= —A(w, +k,m(7))sin {a)‘_r+k,£m(r)dr}

Nnaunsii - (2.14) wuhwwavesdyyn £, (7) dunusiunuAvedy gy

415 m(t) ﬁ’ﬁvu’{iqmmsn'l‘ﬁ’awsmsaa%’unsauﬁmmammﬁaaﬁﬁ’tymm&inmsné‘uﬁum
1] Lwil.ﬁaamn%'ai'nr‘fﬂ'uamq%‘smswé’unsauﬁzyrymu,az{]zywﬁmmsnszLﬁammﬁfgfy']m
(Ripple) r?faif'ina"nmuﬁﬂuﬁ'ﬁaﬂaamsﬁua@ammwu’m TuAduiiseldaueiznislunis
AuegrammImwianIsmsuisedesnaniuundsly

s

2.5 N15ATIZH
Aun

CyiUvﬁE]J'iUﬂ'J‘UI‘L!Sz‘UUSJEJQLHGIVI'N‘U‘LI'WI HASHBALAANIG

Tuszuvﬁaaﬁﬁv'mﬁ'aLﬂ?aaﬂ'qt’iqz‘i’rgzy'amchuﬁaw'a"mmo WU aedsdyn I wazvioh
adulugindesiy ﬂzwuiwﬁﬁmmwmmnwLmsnL{:"]mUul.?vJauim"LUﬁuﬁmmnmﬁué’w oty
vcywmﬁm‘%'m%’uﬁﬁum‘lﬁ%ﬁﬁ”ﬂgry’tmwmngUumﬁUé’mtymﬁcﬁ'aoms sTUUNSARaENs
,nmWﬁw’fmﬁamauﬂ’ﬁmﬁsxﬁuﬁwé‘wm5mm1mﬁﬁaan1'sﬁf-hmnn'iﬁwﬁ’uﬁﬂﬁwaa
VY ITUNIUNIN %’lﬂuﬁ'ﬁaﬁwa‘émULﬁhqﬁuwqﬁﬂssmjaﬁwuﬁ'ami'ﬁugmuwLL‘uurﬁ
3, FWUUNIUBYPLEAAN NN UazsyuuMIuBganemwilillelidyy usuniudnun
luszuuudn m%;aa%’waqsxuu%ﬁmmmmsn'lum'sﬁ'ﬂmsf'fué’rycgmﬁﬁaqm‘sﬁuﬁ:ycmm
sumulaseinals Tmtmsﬁadﬁwﬁ'ms‘nehwmﬁwé’aﬁtym'1mﬁﬁaemwiar-hﬁﬁaé’:ytmm'mmu
(Signal to noise ratio: SNR) Thewinavauedosiudulunasilunisisudioy lagdl
auuﬁﬁﬂu'ﬁﬁﬁ'maaLé‘ua1s‘mmé’;ynpmﬁu-v!mﬁtﬁﬂ&jm’%aﬁwauwiazssuuﬁv’uﬁﬁnmﬁ’u

e Eb e

e o)

2:5.1. n'l'ssun'uu'luuuuﬁ‘adag'ru

nsdeansluwuudyasiu (Baseband) Hu dygainasasgniniededsinuinlag
Lirhunsuegian 1A3eaden19TziieesnsesunumImEiTL (BPF) aglOwNM o ingu

148246
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m"um-uaqacyr.ymwaaaanuw'lwaa’lumammnwmwum uav‘lusvmwmwammmmu
UASIGTEERE (TR IRTI argnpmsumunavumnmmsumum‘lwmLamaumsmaa il
Ay raudunaniuniesiuduandugud 2.10 FeundinTesiuasinesnsesnmiing
nsaumasymnmumumuwuamﬂsanaummnwaquanLmumﬂmaqé’tytynmuwﬁa&aﬁm
ganly tﬁaU%’UmtaatﬁumﬂﬁQﬁvu

NUN 2.10 H,(w) ﬁaﬂaﬂwmfﬂawamwsﬂsaaazywm‘lum'saaaq Faldiite

NSBUDIEIUDIAUSE naummnw“tumaamwaq S, (@) sonAauvdsiluines S, (w) w'l'n

dvrutesdygruiauiidifeisugelowdy A v (@) lﬂmm'saﬁu Ay rusuniud
uwsmmm’[wmmmmnnauummmswnmmnu n(r) ﬁmmsnmmsmnuawm
imansteuinisInsesdyy e naIesdy Fsiferidudislon Hy (@) 2993nsesdoyeyroi]
ﬂvwmmwsvnau’umatgzywmsunquwuamnmmaauanuuum'zﬂw'uaaatyty'zmﬂauaaan
Andudimunld S uay S ﬂamawmamtymauwmua £ WINAYBUATBITUALERY

UAZANUAIN9INTD QﬂﬂJty"ImVN‘HJJﬂ-lUi U‘UULUUWJ ﬂ'SENVIJJﬂEUE‘IiJUM Y] E]ﬂuﬂﬂ wla

S, =5, (2.15)
Taoiien S, Auanilden

S,=m* ()=~ [ 5, (0} (2.16)

e m(r) ﬁaz‘i’zynmmﬂnm'sﬁuwm way Bﬂauuumﬂwum m(t) luminendsndg Fatu
dyausunmiu N, m‘lmmnmmaaﬂwmacgzywmumu Faiime

2x8

A j (@) o (2.17)

6’1113:’5@:;4'1m‘summﬂuﬁryiywmumumn NaMAD S,,(m):izv- lel
N, =NB (2.18)

u,umﬁm'smu:lmmr-nLaaLaums‘uaaﬁvwmsaammuuu.uuﬂuamuwmmufa:wu?ﬁmsﬁ
533N WiAmaaNSAlFIINAaNNIT (2.18) uJumwmmymn wzazgmilUlgifuan
LUsavmauuanﬁmmw‘uaw uuaam‘sma-ﬂm Fauieavay AInluN156198984
fuuaAiidumsfines y 11 namfe

Transmitter . Receiver
_I Medium l—S i Sg
, m (a)) S"“ (a) N ! NO l
=i (D) H, () H, (o)
| _ ]

n(1)

JUA 210 szuunvuLUsyagy
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L=y =—1 (219)

muumawmsnasﬁlmwmmaLaum%'Lu'iv‘u'uaamsuuuuuuﬂuamuuuuﬂ'umnu y
wazdaduiinaulednitdeadueifvesszuutiu avmn'lmﬂummwumﬂcumw'uaqary:y'lm
Iolueeaf enaeegng wu MAneaduoIsvesdygnidsalinsyann 5-10 dB Eoa
avﬂqmaulmwaa uay taaamnimﬁwﬂﬂwnmumaauﬂ‘n,aataumiﬂism:u 25-35 dB J99¢
m'[wdﬁqlmnmm'luﬁmmv weidudygunwerdesiiiieadueiiussun 45-55 dg 4
v ildnwdia

2.5.2. m3sunauluszuum JUINAANNVUIN

mmmn’lussuummamLamma‘ummumsamaummwm’mm nuatuty'lru:uamam
YUINFE muumm;ﬁumaawmimmawanskumnmmnﬂauwmmmumma Tnodyee
uamammmuusﬂﬁmwmu

By () = (A, +m(r)) cos(w,t) (2.20)

WAUIINMIAUIUAT S, INaunIsi (2.20) 2zl

S, = (A +m(1))’ cos’ (w,1) = EI(A‘_E +24,m(t) + m* (1)) (2.21)
Tunsalfideyeyies m@) fAadody 0 a2ld
S = %(Af ) (2.22)

LiJE)W'i]”)‘iﬂJ’]'l WﬂJﬁEyfy'IEUiU mumnm'lu'i..w muuavmm mmmmaLauaﬂsmaasvuvm'ﬁua
aannn wmmm‘nmsmuam W@aLuUdNWS o L‘U‘u

S 2
o (2.23)
N~ 2NB
Tngoduaunisit (2.22) uag (2.23) ransndnaunsiady
S WL L (2.24)

No A +m’ NB 424 p?

0N |m() ummnaﬂﬂa m, WIsTUUMINagERNITUInasedlian 4, = m, tioliliAn

mmamammu muummanaumsmuanmsw (2.24) %umqqqﬂma A.=m,

S * |
ol =Ty .y (2.25)
A+ 42

m-

* Imax
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LAYING Y > | 1@uD MU

(¥ ”"asu

L Y 4 (2.26)
2

wwiuldiAneadueiivasszuunsuog@A TR (Standard AM) sniniea
Laumﬂusvuuaamsuummumuamu 3 wdwauegnes uwssgralsinuluszuunis
aamsuuummwmaamqwm‘lwmawaamsaaaauugnmnmimamuaﬁaoawsamsam
(Peak) voardsdawnunaniduradsvesiideds Lw‘mavuuiun'ﬁaﬂusvuumsuamammq
-ummaunazumsmnmmaamaaazysym ma’[mumsuamamamamuﬂmnaumaamL’.;a'l
Lwaﬂaqnulu‘lwmﬂmﬂaL’Jainama'uu)

2.5.3. mssunauluszuu ME]@LﬁﬁWI'NﬂT'IlJﬁ

mu'ﬁ"lﬁmmﬁ’uﬁaguﬁﬁﬁzwmsua@Lammqﬂ’nu?{ﬁ':uLﬂuixwﬁmmsnﬁﬂuﬂaa
Nnszvvsemanalalagde Lﬁuw‘hmivﬁmaﬂiﬁwﬁﬁuéﬁ'ﬁwwml‘;'ﬁwqwﬁnwnﬂauaqLa
o3 “mﬁ'mﬁasnmuLi‘imwsuamammammﬁ"uavﬁm%’un'ﬁﬁuamLam‘?inﬂ?aq%'uasﬁaﬂ%
Naﬁmauwwsazyzmm;wumammmsmuamammau muam'lusﬂw 211 ®uilesdurelay
aunsi (2.27)

x,(1) = A cos{awt+e(1)} +n (1)
(2.27)
= A cos{wt + (1)} + E, (1)cos{w,1 +86, (1)}

Tnei o(t)=k, jm(r)dr

wazlaoendounuiaigasvosdulsenevuesdyain x () Tugui 2.12 iyezaunsodiou
aun1suny x (1) 1y

x,(1) = R(t)cos{a.r + p(1) + Ag(1)} (2.28)
Toel
l
R(t) = {[Ac + E,(0c0s{6,(1) - o)} T +[ E,(0)sin {6, (1) ~¢(:)}]2}’ (2.29)
n(t)
m(t) 29395 Sn’ Na
—hasivus— indasiuiidy [ aarsvhoyiiug f—
uDQIARNA

o adad v - g
§U‘VI 2.11 SﬁU‘UﬂTillE]QLaﬂV]’Nﬂ'J"lllﬂﬂﬂ'i'Nﬁ]']ﬂiz‘UUWL‘OlI
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n.(r)

Ui 212 unudwanaiwesvesdygailed WardyIUTUMUTEALULANIETE
wuusALAY

uay
_o ) E,0sin{8,(1) - o)}
Sty = i {At, +E,,(t)cos{t9,,(r)—qp(r)}} 30
Tunseian E ()< A awld
R()~ A4 (2.31)
uag
200)~=sin{6,()- p(0)} (2.32)

¢

Nﬁ}'smuamamLwai',,.,vrlmim?imULwamaaatysmm y,(0) p0nun Wufionsses fiowiwandy

@) +Ap(1) =k j m(r)dr + =222 A(’)sm{a () - o)} (2.33)

¢

ilumu'lmw Ap(t) ﬂamumﬂua:ycmmsumu mwamﬁ’awaﬂwﬂ w(t)LUaauLLanmmn
L:uama'unu 0,(t) Uszrnulain o) ﬂmmnu ) Luama‘unu Bn(r)mmsmmgUaumw
(2.32) Tt

_E. () B n (1) _n.(r) a

Ap(t) = ) —=sin{6,(1) - ¢} = - i ——cos(p) yi ——=sin(p) (2.34)
Fruehlildenidnadoyes Ag(t) il

(l)— ()co s (@) + ( sm( ) (2.35)

‘. (.

[

Wl 1831 n, (0)n,_(1) = 0 uazlnsldnoaut® »2 (1) nl(t)=n’ (I)i}ylﬁl

'!

n’ (1)
A

n(r
A’

«

~—

(2.36)

Ap(1) = {cos’ () +sin (p)} =
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= N o v o 4 o I‘-: - ar 4:‘!‘!
wavllie S, (@)=—wm S (0)=N vl 5 (w):i PRUULLIDATY Y IUTUNIULNY
i 2 e @ AZ

Wavheyiusdygaditudelouvesszuvie H(w)=jo 3i4

— @, |w|<2zB
S, (W)= A’

0, || > 278

(2.37)
FflearvesdyusuMUiewinn S, () aglugUvemmnalualeddy  fanfums
AuInmiaesdygasunIuiitewinavildsd

-~wdw = ——— (2.38)
347

g SJrNB
No=s ]

o

Wiosndyguewineie kym(t)  Soililaen s, =k2m  Foildeueaduenives

dyqaueinawiniy
347k m?
Er e
NG

wIziawesdygIuueganA ity 1w Wﬂemm1nUn'iawmﬂauwwwmluun'ﬁuaﬂ
2 2

- Yy A
e 9le S, == pay y=—¢
2 4 2NB

ilausadouaunisi (2.39) nkldidu

kE_Z
i=3 f”? _|.y (2-40)
N, | (2nB)

uanilown Aw=km, foduagld

S, (&Y [ n
N”_;z[BJ{mﬂ] 35[ ] (2.41)

n

'Lusuwn'rmamammemmmvlmuummvﬂumsaaa:yrumﬂsvmm 20 muu
Tnefionsuaumsi (2.41) mwmnma:y:ymuamammmnnuuummmwmm{‘lu 2 1 A
LﬂaLE]T.JE]'Ii‘U’:Ni“UUﬁ)"LWIJ‘UuUS 1760 6 dB

2.6 WENNTHUFILYDINTHUBYLAALUU BPSK uay QPSK

'memuwuﬁauuumLauamsUivﬂﬂm"[.?mus.,uumim’mwtwaaugsmuuulwu
(APDS) LWEJU"I!J’]E‘ITNLU'L&‘J""U‘Uﬂ’]'iﬂuaﬂLﬁﬁlLLUU BPSK wagsy UUﬂ'liFliJE)QtaWLLUU QPSK
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muu'lumuuwuau'nLauimanmiwuﬁwuwaamsmnaﬂmmLLUU BPSK wazszuumsfuagian
WUU QPSK wuusaislsasialuil

2.5.4. TuuSiaInyiAgaed (Binary phase shift keying: BPSK)

dmsusy TUUNINBAEALUY BPSK [20-21, 30] uu TJ?JJJﬁ‘U’I')E‘i']i (Binary Data) N
LUaau‘lwaq'luiUmaaacuzy'lrulw 2 atytymwummammu 180° miﬂawﬂﬂavmwuﬂ'lwm
meaamamammmum Lmnu 0 uay 7 MUENY muummsnwauaumiuamazymm
BPSK Iimuaunisii (2.42) mmnauﬂwswmﬁmmmnuavwmmmaaazyrmmmaawmwrmu
Ltmmanumﬂa'ﬂmazytymmwu

()= { Acos(wt)  for 1 15,480

Acos(at+m) for 0

Toefl 4 waz ®, ABFAIYTUN uavmmﬁﬁaumaaﬁmmwm BPSK %;W'miﬂﬁtyty'lm BPSK 1iu
0 Uy vmm'iuJaﬂuLLUaaum'uaaamtmmwms '«avumsmauuLLUaama-uaeatytmm BPSK
wuuliidaiiiosiae memmnuav-nmwaqaryzym BPSK wuxy nmmmaaﬂmafymm
ﬁ'mwmim'imwu BPSK uu‘[mwnmwmsaqsuavwamqunsmw'l'ﬁ'iumsa'marumm
ARUWI [16] wummmnuavMaaaﬂﬂamnumsaaaaarymm mamm‘l-ﬁ’lumﬁnanyrgm
417815 muu‘luwmuwumauua"nm';naswuu*?ﬂ.'ﬁ‘lumﬁna:u:mmﬂauwmwmuwuﬂuuun
fiD 2993 M" power loop uay 2935 Costas loop [16, 28-29]

ﬁmsusvuumsnamtym PSK  vialutu wihnssdeAlasludililunisidyyi
ﬂaumwanq mUuwsamaa 2 2995 B 2993 M" power loop uag 2395 Costas loop [31]
Uaanlma::unsmaq’ms M" power loop wansliluguil 2.13 lngBunnvenavsavgnen
ids M" laeags M” power 'zmmmwm z(1) ﬁlmvuLauamnmiummmmnu Mf, m
ABINITUNS M power loop u'}'L‘t'ﬂuiuuumsﬂuamammu BPSK @1 M =2 fatiu
2995 M" power Ao 'Jw3Unmaaaaquumemaamstl'ivunﬁ'lmwnusvuumsmuamLam
WUy QPSK uu WHDIMUUAA M =4 mumdiﬁ M™ power fid 2935 quadruplung loop
'-mnvaanlﬂa.,unin'[,umw 2.13 wudmdan1mans M* power loop Teesdadlaslugi
NaMa ﬂslmmiLwaaanqtﬂumsm:mmm1ﬂ'nunu,asLﬂamaaammﬂmﬂaquw Mf.

MAIINUUIIIINITAD (divide- by- M) vmﬂﬁm'smmmnﬁ"lﬂmmamwm‘uaa
2vaadenguiviielwlddygaindun i £, %03

mnguﬁ 2.13 fAmuali x() (JuBunedyg i MPSK 48429935 M power

synchronizer

x(1)=cos(27 f1 +6) (2.43)
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z(1)

X0 | gpr ( . )M LPF
w(l) VvCO
Divide-by-M
Frequency
Divider
v
F 4
2
(1)

U213 vdenleevunsuvesszuuiFyyrauaduniuuy A power synchronizer

Tnefl £ war @ Ao FAwd way g %aqammﬂmﬂauwnuﬂaoatymm MPSK w&s9antiy
(fir2995 BPF ammwmmm"mﬂau'[unmm M" power loop velenadnsidy

2(1) = cosQaMft + M&) (2.44)

ma:u'naaswlaaanauavmmwsmwmmaua mmmnvmazyrmm‘luaumsw
(2.44) lonadnsiy

w(t) = sin2zMf 1 + M) (2.45)

Tnedi 6 ﬂamLwammargtyﬂml,mmwmmnms VCO  uaz wdnnitlagnasdelassms
AN divide-by- M uag N‘ﬂstaamﬂamlmamwmﬂu

Wt)=cos(2x [t +é) (2.96)

p8915NAMN1aT1995 M power synchronizer ummmnagwmsas'mws
M" power device Iﬂmamvmmums‘aaﬂﬂmcmmﬂauwwwummnaa FauSldsinng
37942995 Costas loop LW’rJ‘lJ’ISJ'IVl']ﬂ’ﬁﬂ!JEJﬂLﬂFlﬂiU(U’]ﬂJ BPSK mu.am'[usﬂw 2.14 uay
LuaemnTmaaﬁwanws Costas loop luifineey M™ power muu 2393 Costas loop 34
mmsnwamaaaﬂcgmmnanmmulﬂ wABdN3ANN2993 Costas loop AgEites tade
ma‘lmai]'saunmrmauanaumlﬂammnmaq 950N u.avam‘snsmmmnmmumaa’lu
Ty | war Q 9y gioaiinudnuurimiioutu uonvinturees vco wADIAT
aruty'lmﬂausﬂ‘lﬁauwummwnuavLwa'lnammnumn'nun‘uaaﬂauwmwmmmﬂsmmma




(DBPSK (‘)

o
3UNn 2.14 uaan‘lma.,Lmsmamuunazymmﬂaumﬂﬂmws costas loop (

2.5.5. AR WATNYIA

To data detector

X r

I(r)

—] VCO

A

LPF |

Phase
shifler

Q)

¥

loop for carrier recover) mmumimuaﬂmmmu BPSK

QPSK)

>

Costas

39A (Quadrature phase shift keying:

Quadrature phase shift keying (QPSK) [28-29] LUusUqumsuamamuwmwa

wmuuq mewawaaé’mzy'lm¢ wnnuamamaznnmau‘lﬂwuuu -135°, -45°, +45°

or +135°

waqnuumauam’:mi T,ma'luumawmwaqnﬁLUanuLwaﬂmatyrymuu UaANINIAIUNUDY
'uaua 2 Um ‘ZNIﬂWﬂi’N‘U’eNUﬂ'e]ﬂlﬂBuLLﬂ‘iiJ‘UEl\‘iﬂ’liﬂllaﬂlﬁmu‘UU QPSK annsouanslanagy
#1215 wavaumsi (2.23) LLamiUmIUwaaatyrmm QPSK

FaAuna ¢n=(2n+l)-§, Taeii n=0,1,23, A4 uwszr w,

Papsk () = A, cos(w,t + @)

(2.23)

WARIATVUIALELAIINDVD Y

deyeyan QPSK satluanunsadouaunisi (2.23) Tugy quadrature Fawansluaumsit (2.24)

In-phase (1) In-phase (1)

Sernial to
parallel
Converter

Bit stream
-

LPF
Bit stream [ Serial to Porsk (1) Popsy (1)
—!  parallel Czp—b —>
Sonvertes Phase Phase
shifter shifier
L ‘lé)' LPF
Quadrature (Q) Quadrature (Q)

3UN 2.15 vdenlaezunsuaIeds-3u wuu QPSK
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Papsk (1) = A4, [cos(d,) cos(w,t) —sin(g, ) sin(w,1)] (2.24)

NNAUNTA (2.24) dnyayoe QPSK mmsna's"lﬂﬂﬁnnamsy'lmﬂauw'm 2 dyygyed A
cos(@,t) uazaty:quﬂauwwwnmaauLwa‘lu 90° fia —sin(aw,t) mmns’dw 2.15 gwuN

fala

'Lumu'uaamﬁaﬁmsmmaﬂmauwwmaﬁiﬂﬂwnuary:ywmmwmﬂsmm AI8995
Costas loop %38 4" power loop ﬁaﬁu’tmﬂﬁ 2.16 Fuwansfeudonlaerunsueiens
Costas loop E‘T'lm‘l.lﬂ'ﬁﬂuaﬂlaﬁargty’m QPSK uuﬂﬂidaiﬂﬂmﬂnmwi Costas loop i
ldlunsAveguandeyqyios BPSK u,m"maamm«rsaumma‘smaﬂwﬂuﬂwmmaeammm
mewmanwmsmmmﬂmmumawﬂ,wwaaawaoamzywmumwaumanu wenv Ny
WITNMULAY Nasn'iaam'mnmmuﬁ'lumaawaaacyrmmuummaaumuanwmmmuaunu
ma wm'lwn'asaswm'ﬁ Costas loop mmamnmuamﬂunusvuumimuamamwu QPSK
fiinaue

Tuunii 2 ﬁ'lmna'nmwanmswusw'uaqmmamamazytym 2 nqu Ae nguusnilu
nsueandyyIuuuzden fe VANNSUBYAANINTIUIN LAY wanNIsIeNAANIIAILE
warlungui 2 avtﬁunwsmuamamammmmwa loun msfveguanuuu BPSK way QRELHEE)
W@nLUY QPSK uanmnuu'[.uuwumnaﬂmwanmswuﬁ'lu'uanwswuJumszvnaunmmy
mu'lum'saasu uNAIDLINTY wanmwanamsmmwmmmmuwa TEUUNMSOATY Y10
ARUWY, Wae 2995 AGC LHudy mnwannﬁwumuwnanmmwmm viliansathaud
Aulaluees uavsvuuwuﬁﬂuma’lu"lUU'ivanwﬂ'u wagviAnunlafuseuy APDS uay
38UV SAGC Tlaznanasieluluunit 3 3ndae

» Limiter

/(1) To detector

—RQ—f e | ¢

pe

Popsk (1) X
— VCO |« LPF <—<+)

Phase
shifier

—.(ép LPF |- >

» Limiter

O(1) To detector

¥ 2.16 vdeanlaezunsuwenIns Costas loop ﬂ%‘iumsﬁua@mmé’mmm QPSK
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A9NISALUNISIVY

'Luuwifwna‘nﬁwé’nmﬁLquﬁssuvnﬁmm{fmwaﬁ’uwrﬁuw‘lmj (Absolute
Phase Detection Scheme: APDS), s¥uunmimuAunissunvedygunausUleudnlulm
(Sinusoidal Autoratic Gain Control: SAGC) LtazmsUisqnm"lﬁmwaaszwﬁga 2 syuuny
SYUUMSARANTULULANSY

3.1 wé’nmﬁLﬂ'ﬂsﬁsz‘uun'lwiwﬁ'umﬁﬁugﬁfﬁuw'lmj

U7 3.1 uamsszuumInsTuaduyseifildinaue Saanmnsodinsizsing
vhawlasedl Mvuali x() Dudygradunaguled laeil A, o, way 6 fio Aruin,
a a o w o -
AUALTIN Uay wd vosdygruaudiu deansuaunisi (3.1)

x(1) = Acos(w,t +0) (3.1)

WAIINUU YINsenidsdsisdanatsuesaunisi (3.1) wuia

2 2 2 ] 2
x..(t)zAa. COS“(a)ot+t9)= AZ[ +C05( ;)Df+28)] (32)
nsidardygralnnssesnandygyudunaiiiuesendidaes
A’ cos(2 9
) = cos(2ayt +20) (3.3)
2
x(t) w e DEcon-sR
? ( ) eliminator
REIC
e 2(t) Tpivi o-by-2
i ;aie frequency
ok divider

= W ¢ '
U 3.1 ulenlrevunauvesszuunsasiadumiaduysaiuuulm
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inmssanudvesdygnluaunisi (3.3) sduanansadouaunisuadnsluiléduaunis
o
v (3.4)

A’ cos(ayt +26)
2

) = (3.4)

WUNFYYIUDWNATEIITMITANNIALERluaNNISA (3.4) Aedynyrudredafisyuy
asrvduaiuaueaintu iehundudygradunnsidieaiesiainanes
d - ° -l | i U B
lagiheesguuiaimamasazyimaliouifisuianusaassniedygaduns
Y v a = v v o
X0 yagdynudds 20 Gaarlinasnsidulusuaunsi (3.5)

3

x(t)-z(n) = A?Cos(a)ol +@)cos(m,t +26)

(3.5)
A’ cos(2w,t +36) + A’ cos(@)
4
WﬂQﬂqﬂUUﬂiaﬂﬁmﬁuqmd WWQWUﬂmqﬂﬁﬂ?Qﬁﬁﬂﬁﬂ\’ﬂ?’lﬂJQWWNWUWUQ’]
3
’ (7
x (1) = kL (3.6)

MINAUNTT (3.6) wmﬂﬁ’tytmmmmwmaasuuumswwmmr»mLwawmLaua
ﬂaﬂuwamaaﬁm:yﬂmauwmuuawmsﬂm'smiw”lﬁﬁmﬂ“lumLﬂumaa'lmﬂ'u.ﬂaawamn
Lﬂiaaaa LLmaﬂN"L'snmqu-i”uwmsmmmmﬂmaaé’mmﬂmuumﬂasﬂumd 0° fis 180°
Wity mLUuwamnNmﬂmeammamasmmaanmhmu agnelsfiniunisiasiei
isuuwmLaua'[umuuwm')ssuum'sm'n%mwaﬁugsml.mu'imumqaau A1130M5293U
Lwaﬂuaqﬁmmwmlﬁ‘fasmnImU'Hj'nswmmiﬁugmLﬁm 4 nszvaunsvinduiie nasen
idsasy, nsfdaddyginlings, Mmsanud was N13ATIIUWAVDIE YRy 8u

3.2 wanszmuuuuhigauaiiveseasnigluszuunsastaduiaduysaluvy
Tnai

'Lw.ﬁam?huﬁimfjumﬁmﬁxﬁwanszwwaaq’dnizﬁmu'[.u'uaﬁzwmimm%’mwa
duysaluuulmihiaueldun nansevuvessesenidsaesvesdyga, NanTENUTEIIIDT
Adadygalinse uasnansenuvensaTmsAiAuivesdyyia Fauluinerdnusaduil
wihmsfinwmansynuresAtnuAaInlrdeuAln (Static error) uavAIAIMABNALARBY
;ﬁmmﬂmmlmﬂmﬁaLﬁu'vamwsqcuﬁq;zy'lmvia'sw'umsm'nai‘utwaﬁwsxﬂuudwﬁﬁ
dnauslavaviden
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WI5AUYLA Analog four-quadrant multiplier qva%’uﬁ’cyzmmkmﬁwnﬁﬁﬁmflu
muiﬂamsanumaﬂmmaaammmauwm Feluineniinudatuil Avunlidyguduna 2

Aygranduluamuaunisi (3.7)

V.=V, = Acos(wr +8)+ X, X, =Y (3.7)

(23] oy

lngffn X, uax Y, Aedynnuussiusenisaidyy udunn AaudygrueIinaves

oy

933AYTUA Analog four-quadrant multiplier @unsouanslimaunisa (3.8)

VV 2
E,=KVV, =-—l'/—‘ = K(Acos(wr +6)+ X, ) (3.8)

r

logAanaunniees K =" fsdwlvgen v =107 szdmalvranauinmesiisindu
= o
0.1V we

<l |<V, uaz 0<[y,|<¥, dmuvuinvesdygranedinmues

a ' ' - - o ' - iy
NﬂsﬂmvumLmﬂm'mnnmnamuquw.ﬁ'luaumw (3.8) mUummmﬂmmﬂaaumlu

annsodmuald luinerinusatuilhuualddrmuerainedouiiy eV,.v,) Fatiu
aunsiwnmannsodleulmildiduaunisi (3.9)
E,=KVJV, +e(V,V,) (3.9)

a1mmwm'[‘nmmmwmmmmaauanm‘imwsﬂmammm Imwnmumuuuaq 4 @nve A A"
ar;yty'lmu,iamuaanmwammmauwm (X..Y.), marytymmmuaawmmﬂatycywmtmmwm

(.), Aanauwinmes AK uar mulildudadurenses f(X.r) AatuauN Sy I
winmvesasguazannsadouldliiluaunsd (3.10)

E, =KV.V, +AKV.V, +(K + AK)
<{V.Y, +V, X, +( X 1) +(2.)+ f(X. 1)}

X7 s

(3.10)

ﬁwsummmﬂmmLﬂaauwmm‘uummnmmlmﬂuL'uaLawanwsuuummmuwmm
nszuaiiliiviniu ve macyty'lmu,samuaawwmwluLmnwamewasLsuwﬂanms"lmwsmu
[26] mmm"msa\a'mmaaumnmufﬂua1msnm~m‘lmum‘lﬂ1m LLmamq"linmuﬁ'lwmiuuu
'wmLauaummsmamﬂ'1m'mﬂmmLﬂaaummm1nm’mlmﬂuwamuuaa‘lu“lﬁ'luf UL m
aryty’lml.a'mwm‘uandﬁﬁﬂmuuu four-quadrant variable-transconductance multiplier i
QNIUNIUMBAIANLAAIAARDUARR wazArAuRaIedauiosnnauliiudadures
sruvawsouanslésiaaunisi (3.11)

E,=KVV,+AKVV, +(K + AK)
<{V.Y, +V, X, +(X, Y, )+(2,)+V2 )}

o

(3.11)
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al P | s ¢al ' o = ' a v
lnefl 6 AeAmsidmsunatiidummnueaiaedsuidesnnaduliduldaidure s o
a4 a v i v v o i - av a v
wanlduidsdudinansenutoslay v, dufunaddimiuraiaeiouiliiludadu

awnsodsulmildidu 6v? dduaumsdygraednavensasaaamnsadoulalmidu

E,=KV\V, +AKV.,V, + (K +AK)

(3.12)
X{V Y +IV_\'XOJ +(me;u)+(zm)+6Vr2}

X708

<l ) a a a ' «
NNANNTSA (3.12) HansgnuInmAMLAIAIRRauiinInAanauinnes AK a1w1so
° w ° l = 1
gnindaluldlasfimuadainaurinmesiminyay AK =0 awwuin

X o8 a8 oy

%:va‘_+{vy +V X+ (XX )+(z,,_‘)+§vf} (3.13)
WU v, uae v, 9inaunisit (3.7) asluaunsi (3.13) wui

% ={(Acos(a)t +6)+ Xm)2
+2(Acos(wt +0)+ X, ) X, +(X(,,)2} (3.14)

+(Z,,)+6(Acos(wr + 6)+ Xm,)z

o/ d =] s = L7 U
anadluaunisi (3.14) Fsawsadsuaunisvesdygruednavasssuuiisuiuaiana
wnimasivuladu

I ™

¢ =(Acos(wr +6)+2X,, )2 +(2,,)

=

(3.15)
+0(Acos(ar +0)+ X, )2

i musALTsdueorgnvesAnllidms i udui svdwaiaioudn Z, =0 uwas
= L7 L3 v IJ
X,, =0 Fswnsadevuaunisdygraevinainildiduaunisi (3.16)

E, =K(l+5)(ACOS((0I+9))2 (3.16)

wé’amnﬁuﬁ'\msﬁﬁ’mfhnizualwmﬂuaum‘sﬁ (3.16)
A2
y)=K(1 +5)T[cos(2wt +26) + Ag] (3.17)

i & ' 1 o a A - o
loefl Ae fip AnanupmardauinaInNIsidasnszualvasslulsespa nssuaunsia
wAeMIMISAMINDvedygInluaunisii (3.17) wuitsyuvasyinisainsdygiuseds

) o
uanalagsannisi (3.18)

A

2t)=K(1+9) ;

[cos{(m+Am)r+29}+Ag] (3.18)
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= a ol = i o - ' ad o
nghl Aw AoArAINIAAIAAREUTIAYINAINARIALARDUYINATMISAIAIIND 991N
uunvsgaaiinamesuuueurdongninanldlunszuiumsitisuifisudranusiana
sewindyaadunn V, wavdyg sy z(¢) wuin

2
z2(n)-V,=K(1 +5)'—42—-[cos{(w+Aa))t+ 29}
+Ag] Acos(wt +6)
A.'l
=K(1+ §)T[cos{(2(o +Aw)t +36}
+cos(Awrt + ) + A cos(wt +6)] (3.19)
o o § .1 ° v ad o w eda ' v ¥
waemnumqmnimmwﬁmmu Qnmm’lfumamamwwﬁummwﬁqau'mm': @ MUY
) (3 v oo -
Aoy inaveassEuvaInsouandlanaunsi (3.20)
3

X, ()= K(l+5)%cos(Awr+€) (3.20)

AU (3.20) wuineeswmsAAudmansenuiussuuiiiaueuniian Aelunsedii
Aw =0 Fygraueimmvesssuvegluguvedlaladilsifuiifidnanuis sluldanaves
Fynruidonts wilunsdil ae=0 AR Y IULDIANATBITEUUNTTNTIVTULNAS Y Ta]
wuulmiiiiaueausnuanslddsaunisi (3.21)

x,(0=K(1+8)x,0) (3.21)

i | i & v l o
naunsi (3.21) wuirAnewanimgudluaunisi (3.6) dugnainamuesinsii
o - @ o a a ' -
K (1+6) dadlmumnelagdeidmanueaianiouiiineinauliifuidaduressyuuay

dwansznuiisadniaesedygraieinavesszuuasisdumaitiausuarAnunan
d A o o s o ° W d. Ul ]
waouitingInesmdndygalwassanunsagnidalulaglssnsssaubsnu

= g af ol [}
3.3 IWUUAUBYLAALUY BPSK ‘U‘UW‘IJg"I‘Ll‘UEN?'%U‘Uﬂi?%ﬂULﬂﬁﬁN‘giﬂjLL\JU‘lﬂﬁ

Tuivendiwusaduilsvhmsussgndldaussuunsasisdumaduysaluuulinndu

-

293ANERE@ALUY BPSK Tasanininuansufenlaazunsuvessyuunshvoguaniuy BPSK 1
unauadeudenlnozunsuguil 3.2 fwmuald x,,., () Wudygio BPSK Suws

Xyps (1) = Acos(ayt +¢,) (3.22)
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Xspsx () ; - | DC constant
"| eliminator

e e ()
Divide-by-2

X frequency

|

2(r P divider
|
i

|
|
| i
| [0 |

r

—— —
Phase detector |

= v v a
JUN 3.2 vdenlaevunsuvesnsuszgndldanussuy APDS asudussuunmsivegian
Uy BPSK

- ' a a ' ) a
lngh A, o, uay ¢, ={0,7} WuArvwn, A1udiBum uasAavesdyg udunm BPSK
o gl . it > SN S |
AUy Belusyuumsiuenianiuy BPSK  MiiauaignainaluuunugIuvessuuns
& o 1l o w v e L% = sl
asdumaduysaluvulmiigmiiaueluiiten 3.1 uazdwivisesmadvawmesiigniden
uesdvsznounmeludmiunsussgndldnubuisesivagianuuy BPSK i flo 2easga
wadimamefuuuneuraen Awiudninsiesizdauannsi (3.2 - 3.5) wuiarldaunis
1) ¢ o o >
vosdyn e ANRYeITTUUNISANBgIAALUY BPSK Minauailulumuaunisii (3.23)

Ypara(t) = M (3.23)

Rnaunsit 3.23 awnsaagulein szuuasiaduia APDS  Anausanusarian

Usgnaldauussuunsiiueguanuuy BPSK 1d inswdnssuunsiaduia APDS anwnsar

Fygrautnmans lnsfisesivlisniusesededeyannuiuaziasiniadosdanaing

ﬂ?ﬂ‘uww"l.un'riﬁua@mmﬁmtmm ﬁqﬁui:ﬂunﬁiﬁua@amuu BPSK  fiunaueanise

vanidusymnsdalasluedudygiuadunvivenses M power loop way 2995 Costas
loop [25] 1@

= lg o L7
3.4 STUUNMTANBYIAALUY QPSK UUNUFIUa9IzuUATIRduaRuYalluY
Tna

luiteiilminauenisussgndldnussuunsiaduina APDS Tnglildinadneds
ssuumsiiveguanuuy QPSK lasainudenlaozunsuluguil 3.3 A muali gy (1) Wu

[ a =l DX - = '3
dyqrauduneileulvifuszuumsfneguanuuy QPSK way x () fedyyraiernnves
WUU

Papsk (1) = Acos(@,r +¢,) (2.24)
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{
(PQPS"’( )__ . 2 .| DC constant
’ "1 eliminator
()
R IR e el —-
| S Divide-by-2
comparator | - |comparator |« frequency
l l l z(ll) divider
| Monostable Monostable
| Multivibrator Multivibrator I

I RSiﬂip l

l__ . flop I
Phase detector l oL

o w v -
JUN 33 vdenlaezunsuvesnisussyndldaiussuy APDS asauduszuunissivesian
WUy QPSK

Toefl A, 0, uaz ¢ ={Z 3; SI 7;} Wurunn, muiilay wagdn inavesdy o

n
- o @ « d 1
QPSK Bunmmudiau 01vmsasieiaiuaunisi (3.2) uag (3.3) wuin

A’ cos(Rat +2¢,)

= (3.25)
y(1) 5
dedoygeluaunsi (3.25) Dudygadunelifuisesmsenud aswui
2
()= 2 BT 2) (3.26)

2

am,cmmmuammaum'sﬂ (3.26) uuLU‘%EJ'ULauauammﬂmﬂaummms“uumsmuamamuuu
QPSK wnnam'uu‘imﬂ‘lumLﬂumaﬂwauamummm.ta"twﬂmmﬂiaaauaﬂ

Tnglunsdlihasquiainawmesuvuieurdengnidenlfiiuesdusznavlussuud
a ot Y - v ow -
woglanLUY QPSK dyanaudunnfisuandisaunisi (3.24) wxgnammiedygiundunily
d 1
aunn (3.26) na1fe
3

Pops (1) - 2(8) = «2— cos(w.t + @, )cos(a t +2¢,)

(3.27)
A’ cos(2m, t +3¢,) + A’ cos(g,)

4

) & a o o e = o & s
waveIntuesnsesnudidugniinldlumsnseswadiiinnudgeeantly duiuna
| & o' - - @ a = dea a -
pudiimdenfeavesdygyudunndeffednarsigniveguanssnunaindyyin
QPSK Buns awnsouanslasiail

e CT(‘ﬁ ) (3.28)
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pslsfmudyaaluaunisi (3.28) Tuiidesifavesisasasradumaiidenld
iesmniterdulalediduileidueiedamalil Alelelugasm 0° &y 180° aeilFndfudves
Talondlutdayu 180° fle 360° uslasunAuddyaa QPSK Anwlavesdygiuazgnidouly
Wy -135°, -45°, +45° ua +135° Feduagfudadoyatmans fufuszuu QPsK Aldases
pauamnamesuuuueuzdenlussduszneu wlddnerdnaiifanaielunsditdygyin
QPSK ¥y -135° way -45° dufuiedondenisvsammamesaesivl elsignilunis
aaduravesdyguiivnyay duiiisadonsestuluamdaiailiusmes wazens
wardurasumaimames uldiluviesaimamesuny Tnefidygyraluaunisi (3.24)
uay (3.26) axgniddsulifudygudivisulaernsaesmnsnnes wdniuhdyyo
wimmildnisreum e ivias s asgnileuliiudyg adunavesisesiuluais
Jadiadluusines %mmﬁ\qﬂﬁ%amé’tymwmﬁlﬁ%eagﬂugﬂwwmuﬁmmﬂmiuﬁaé%gnﬂau
L{‘Juﬁ’cymwmﬁuwmwams’maﬂﬁﬂﬂaaﬂLﬁaﬁﬁmsa%'wé‘tgnpmﬁmﬁﬂnﬁﬁhﬂnuﬂ%wmﬁ’aé
fiendudadiulaensaiuAmusnunavesdoyy o %aﬁﬁaiau“mmaﬁﬁgnﬁmmnﬁ’tyzyﬂm
QPSK 1iuias

o ‘g o e
3.5 STUUNMSANBYLEALUU QPSK Uunug1uuesszuunsdiumaduysaiuuy
Tminmelddyayrnsunu

Tuadeit 3.4 duldiinsiiese giszuumsinaganuuy  QPSK lagbLifidygy
iumu'l,u'uaaacyrgﬁmmmmm wsigalshnn m'ﬂmswvws"wmuﬁ’mtmmsumuaq’l.u
'ﬁaaéfq;ryﬂmmﬂumﬂummLtlum"m'lwswnwi.,ﬁwsmw*uaa'i"uu AIUUIIN
vianlnezunsuvessyuunmsineganuuy QPSK fhiauslugui 3.4 Fervuslidoein
Suwnogluguvesaunsi (3.29)

Popsk = ACOS[(Q_! "'W(’)] (3.29)

d' < L - 1 1 ﬁi
Tne w(t) =k,m(r) POWavEFYYI QPSK m(r) way &, Aedtyyiinians uay ArAsi
AUAIAU

n(r)

m(t) Popsic (1) l x,(t) | x,(0)

QPSK Bandpass Proposed |
modulator ’\ / : filter 7| demodulator .

r

v

B - .
L3 L

A

Transmitter Channel Receiver

-
JUn 3.4 szuumsueglanuuy QPSK
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|- a ¢ v v a £ v o | = 0
wilesnnluniswsssisyuuluiadeill wsgniwssednieldteulviifidygyrusuniu

13
=

d‘l’ ] s v s 5 L = Voo ‘J o
Yueueglutesdyyinme dniluideldsivualdygrusuniuidwmegeussuy

e A fa 4

Judygasuniuuuuwuudna n@) flldwuudinivinnu 2(Af +B) uavAraamih
wduvasaUnaiuias (Power spectral density: PSD) winfiu S, (@) Fsaunsaifioulas
aunsi (3.30) (23]

n(t)=n_(r)cos(@.t)+n (1)sin(e.1) (3.30)

= & ' ' a0 e fa & 1w v o
loei n.(1) way n (1) Dudygriasnudieeudiiluuuaionyindu  Af + B faiuain

@ d = v W v 1
wnstlauanurwesluguin 3.5 memmmnmatggmmumuuuuﬁwm'lwu'lwagﬂ.umawuaqm
e E, (1) wazia 6,(r) sanansluaunisi (3.31)

A n (1)

n.(1)

JUN 3.5 wnudwanawesvesdygalnd wardygrusuniusiauuudwiaiil
WUUALAY
n(t) = E,(1)cos[ .t +6,(1)] (3.31)

Tunsddwiuszuunisuegranuvuuuudnirofu dyaautnians moavilnis
wWasuwasiunnidedisufudyinsuniu a@) Jeagulduvudiavivesdygrutnans
wazuuuRIavivesdygusunuiideiniu B was 2(4f +B) muddiu diegnelditeuly
Af > B ﬁau;uﬁqnﬁmé"auuﬁauwaLLazmivd?iUuLLUaqmmﬁ'uaaﬁmmmﬂﬁumﬁﬁmS
Wasuwasiininnisdsuulasesdygasumuiauiu fafuitevhnisiinsiien
mqmﬁ;mwmwaﬁlﬁmmnﬁq;zmmiumwuaqﬁﬁyzymmﬁwmmszwﬁﬁnaua Jaldvianns
doumalaovunsutuuandliluguil 3.6

E,(t)sin[6,(5) —w(?)]

R(t)

2" E (0 cos[6,0)-w(0)
@ 0+6,0

L

@ (1) +w (1)

Reference

a o ¢ a
U 3.6 unuduanungesvesdygalussuunsueganda
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dyayow QPSK Aignsumusadyaasuniu uazgnlewduduwa x (1) Wifusyuy
MsANBYAALUY QPSK 7itiiaue

x,(1) = Acos[@,t +y/(1)]+n(r)
= Acos|[@,t +y(1)]+ E, (t)cos[w,t + 6, (1)] (3.32)
= R(r)cos[ @t +y (1) +Ap (D))

= ' & a o ) i ¢
laghl R(r) AeFun waz Ay(r) Aeduwa Wevinsdnaunsiviegluguuuuvenaives
U

R(1) =‘:{A +E,(t)cos[6, (1) - w(t)]}2

: (3.33)
HE,wsin[6,00 -y
Ag/(r)=~tan"{ E,()sin[6,() ~y (1) } (3.30)
A+E,()cos[6, (1) -y (1))

o = a W = o
wieleudygyaduaunisn (3.32) Wuduwalvifusruunisineganuuy QPSK Mitaus 1y
Iedygrouedimarasisasganiu

x2(t) = R*(t)cos’ [co,,r +w )+ Ay(n)]

2 (3.35)
B %[cos(z.&u +2p (1) +28p(1)) +1]

wasnuuidardyguliasieenly wuin

y(1) = R_z(t ) cos (2,1 + 2y (1) + 2Aw (1)) (3.36)

i - @ i v = v
soulaloudygradinanitnlvluresmsanud aglaan

R(1)

z(t) = >

cos(@.t +2y(t) + 2Au(1)) (3.37)

Weasfdygrudnasuaziieinliiedonslinsieisruy 2vsgaunadimameiuuy

weuzdenlagnidenuilussAusznauvesssuunisivoganuuy QPSK

R'(1)
2

x cos[@,t+w (1) + Ay (D)]

3
= R—fl{cos[Zw,_r +3p () +3Ap(1)]

2t) x,(0) =

cos[@,t + 2y (1) + 2A ()]

(3.38)

+cos[w(n) +A t//(l)]}
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o Fs a6 vy =i
P MnAUeIIRINTBIALTAIHIY T lARENN15R (3.39)

(

x, (1) =——=cos[w() + Ay ()] (3.39)

i o "o w o n i i
Tunsalfdyrusuniuilamau £, ()< A uag Ay < Tunng A1 1 tu 157

,.( )

a11130a3UlAI R = A way Ap(r)=—=""sin[6, (1) - (1)) aunisi (3.39) Feawnse

Weuldlmidu

3
x‘(l):R (1)

co{w(r)+ E: )sm[ (t)—u/(r)]} (3.40)

Mnauns (3.40) wuimadvesdiygnausuniu Ay () Wuilsdduvedleyd sxiidrey

. . E,,m

' ) - o e ¥
‘hJ‘U')\’ [-1,1] wuu LLaxﬂzgﬂﬂmmﬂmLLWmﬂa‘i Llﬁb"‘\]']ﬂl.‘ﬁau‘l'ﬂwﬂqwuﬂ']qaﬂém']m

o w

W ° - ° | 1
SUMUTIAAANIUAT E, (1) < A Jsdsnavinlian **()

A
witvesdygusunulsdsmansenuiunauiduinarsteyatesun

tloundn 1 FafuSsanunsoagulsin

) o € o e
3.6 sTUUNIAIUANNINTLIAYRsHyuaaugUlvanaludf

x(1) d

v

L = st
x(®) l

A é ar Qe
JUN 3.7 uvdenlasvunsuvessruunismupusuwavesdtyyandusUledsaluti

& a as
vuiuguresnsulasdallsn

JUN 3.7 waassruunsmvaunistunvesdyaiuaiuguleudaluli@ dvuel
x(r)  Dudygraduwe war  x,(0)JudygaeinnuessuunisnIuaunNTuInYes
a d‘ € md e
dyyraunduguladdnluidminaue

x(1) = Asin(ayt + 0) (3.41)
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= ' ' a a
089l A>0, o, 4BE @ WNUAITUIA, AIAIINDLTINY LasAINavDIE nuduns Taavi
0 q
13
WS

auwuaamuw 1 uay 2 Audygu x() wlanaansidu aun1sil (3.42) wae (3.43) sy

xX(t)= ﬂl = Aw, cos(w,t +6) (3.42)

d? x(t)

x"()= =—Aw,’ sin(w,t + 6) (3.43)

Mnsunidsaewiae e saunisi (3.42)
(x'())" =(A®,)’ cos* (@t +6) (3.44)

mﬁqaaamwaqaun"ﬁw (3.43) 978 x(1) wlinadwdiduaunisii (3.45)

x(0)x"(1) = —( Aw, )’ sin* (a1 + 6) (3.45)
avaunTsi (3.44) dwaunisi (3.45)
(X' (D) = (") = (A, )’ (3.46)
s INTians vosaunsil (3.46) uansadnsléiluaunsit (3.47)
JEO) - x0)x"() =| Ay (3.47)
wsaNNTIT (3.42) feaunisi (3.47)
X'
xity= |w:;| (3.48)

unuetaun1s (3.48) My aunisn (3.42) duszldiendwnusssyuy AGC Mdnauaidu
-
annsn (3.49)

x,(t) = cos(a,t + 6) =sin(a)or+9+§) (3.49)

R TE Y o .

panvNIsuUasaUare (Laplace transform) Me@esdn9wesaunisyi (3.48) aenwuin
a 1 1 d o Voo d

Weandudsrnuuesssuuninauauanslesiaunisd (3.50)

H(s)= X,(5) = (_I-J 5= jA” (3.50)
X(s) @,A
AN (3.50) anunsauanafleitunaneuaussuauazilaidunanovausana &
wansluaunsit (3.51) uaz (3.52) auddu
|H(jw)|=A"" (3.51)

£LH(jw)= (3.52)

;v w<0

RN N

ﬁ’aﬁ‘uqmé’nwmzﬁﬂ'lﬁ’maﬁzuuﬁav‘iﬂﬁﬂmmaaﬁmmﬁmtmﬁwmﬁmL{‘}u 1 v
wazlavesdynandeuly 90 sndregraty fvuald x() = Acos(ar) \Dudtygraudunm
-uaﬁvuum'smUﬂumwmmmz‘-‘ﬁycgwmﬂausﬂlﬁuamiuummlmﬁmmwmmmmﬂu
i) = =sin(er) mwm1mmn°uaaammmmmwmluumsmawme Jeaqulddnsyuud
thiaeiianunsatiulsy anm"&mwmﬂui'zU'umsm‘u:-qamﬂwmmmé’mm’nmwag'lugu'um
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v a ] ] a @ a
dygradledle sndregratu dygrameqanaud, dygruegana uazdyyiu QPSK
o) v
Wuay

3.7 Signal to noise ratio (SNR) waz noise figure (NF)

Tuszuunisdeansuuuueurdoniiu uenIndygruliiiiiesudazgnanveulay
Fesdygraudidannsagnsumusewinmalasdyginsuniudug Snde ﬁs‘l"l:l‘:uﬂ'ﬁfjﬁ']
gunvasdygalinduiuin uay rerseiusunvesdygaldimnzamiududisdu
dmuszuuedesiuluegs Jedesiiinasiflélunisussifiuauniwesdygaiendng
WAYYBNINDT AGC Aimuzau Fslusniideillidenlddnsduvosidsdyauiidomns
siamiasdey1sunau (Signal to noise ratio: SNR) wag Noise figure (NF) anudneu

- o «l ° v a
Mnszvuidiawelugun 3.7 Awuald x()  JWudygradune way x, ) Du
GOITRLGREATT

x(t) = Asin(w,t + )+ n(r) (3.53)

- & aal ) ' o o w1 w
Taofl a(r) Dudgyarusuniuifidenumnuivsesadnasumdavinfu

T T 2

(3.54)

nnmsinseiluided 3.6 deteudyguluaunisil (3.53) Wuduwn  awnsauans
nadnsImivasaunsn (3.46) Wuaunisi (3.55)

[X'(OF = x()x"(1) = @,> A + 2[xX' ()] (£) + [@,"n(t) = n"(1)]x(1)
=@, n* () ~[n'(0))
Nnaunsil (3.55) wudwativeseasi (00) Wuusneenannarivesdygyiasuniueti

Fowau Teaunsaldanesnsaseutdilunmsidadygrasunilugunnuiigieenluls
Aauansluaunisi (3.56)

(3.55)

[X(OF —x()x"(t) = », A (3.56)

mmsAassinunszuiunsiuide 3.6 wuirdygraednavesszuuiignleudygu
dunenSeuiudygasunuannsouandlsluaunisi (3.57)

x(6)

x, ()= = cos(w,t + ) + #(e) (3.57)
VX OF = x(0)x"(1)

I“’o Al

NMQuveY Parseval aNsouaRIAIEIUYBIdY Y INTUNIUBUNALAE Y INSUNIY
< v -l o_
1nAlAdIaNNTT (3.58) way (3.59) mudeiy

228 N,
")nni.u' input = 2'1— y _Od(u = 2NOB (3’58)
- 2m -2 2
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i N B

noise _onipnt - _I—GJ-- i %'wzdm =§”_IV_QE’ (359)
f 27 (w,A)” 72 2 3(w,A)

A | = Qs ] - e dv v o L) =
Tagfl B AeAuuusmiavivesdygimutnats lusnuideiilatvualidieaduers fe
BNTIAIUTENINAIMANIUVDIFYYIUUIATTHDAINIAINUVDIAYQYINTUNIU AITUAT L0

] I3 [ a ¢ Vo al
WWupivesdy g uBunALar vy RRaN SORARSLAGIANNTST (3.60) waz (3.61)
AUFIRNU

SNRAGL'_J‘upul = I 0 log == l Olog[ 4;:,.-3 ] (360)
noise _in 0
P 3(w,A)’
SNRA(r'Ciuu.',uuf 1 0 log P = =10 Iog[é%] (3-6 1)
noise _out 0

ludiuresmsuseidiuA1AuasnveIsEUULY IgnAwInlagn1IuIAT Noise  figure
(NF) ndsannmsltisasnsasanudiannu lunisidadygusuniveenliuediuuds fau
a a i o & - v ' =
dygusunmuniianssuumhiaustuansoinsanianal NF Tuaunisi (3.62)
NF. ~SNRy, _ A 167°N,B’ _4n°B’

" < (3.62)
SNR«)W,’).W 4N B 3 (a)o ) 3w0

) =
3.8 MsUsEyndlderuszuunisnIuaunIsvuInvesdyyInnausUled
@ wa o - = al
onludiiiun1sfuegiann1euunn LazN1sANINIEANIIAINA

Tussuumseansieyauuuliany mammﬂuJuaUnsmawﬂmmﬂumisuuaum
doyoyou mmammm'»a.,mmulmamawsuawﬁmwnmaLuam'mmwaaawaﬁmﬂuummm
Husuwhwesauemeduresdygndissihnmsduarfu frifuiteanuunaves
asemeliduasiafesiiszuunsuonaniy Fluinendnusiinsuenaniiaulaiioy 2 viln
fio nmsueguamuun war manegianrud  wieghdlsfaufiaesissinditiymddyie
nMsidygatmasndviu Woswinvviesadsdygnedunililaeuiuasanseiu
fyaraunduntivemmaeiesds  dafuddlfiiauensuszgndldnussuuniseaunums
wnvesdyganaugUleddnluifiusruumsiuegammanuin uay fuegaanisaid
Foripluil

3.8.1 mivsggndlduszuunisarugumevuiavesdyninuniugUleddnludi
AUN1sANBYLEANIIYUIN (Standard AM)

= o v a & a R
NFUN 3.8 AUl ﬁmmﬁmauwm x(r) WA IYINIUNTUBEANIITUIN
= v J ¢ ' o =
nefl cos(w, +6) \Wudgyaaundunv uaz m() Dudygutnans daaunisi (3.63)
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x(1) X (1) y(1)
— LPF

A 4

SAGC > SAGC

X1 (t) x.rl (t)

< o
JUN 3.8 udenlmevunsumIUszgndldnuszuunismunsvInuInvedyenady
sUlwddnlui@nunsfveguannisvuna

x(1)=(A. +m(t))cos(w, +6) (3.63)

= v o [ - ¢« v va o °
gagntauliiusruumsmuaumevinavesdygrarduguleddnlul® Wedygyiugnii
ayusaIdun 1 Audyeya x(n) wlanadwsiluaunisi (3.64)

=)

x'(1) 5

=—a, (A +m(1))sin(@.t + ) +cos(w,t +&)m'(t) (3.64)

o o ' & o = " v v O v g
Tunsdiidtyunans m(r) duimsidouulatednetng m'(f) < A, AsiunadnwsveInIs
o o L. A d
Yeywusawiun 1 anunsaussannlaluzuvesaunisi (3.65)

=0,

~w, (A +m(1))sin(a,t +6) (3.65)

Wiedyaraugnviteyiusandui 2 fudyga x) wlanadwsiluaunisi (3.66)

d*x(1) =

x"(1) = e ~? (A +m(t))cos(w,t + ) +a,m'(t)sin(a,t + 6) (3.66)

desan m'() < A Fafuaunsii (3.66) ansnsaUszanaldnuannisi (3.67)
xX'(1) == (A. +m(r))cos(w,t +6) (3.67)

ynsenrdiaswhassisvesaunisi (3.65)
(*@)’ = ((A +1rn(r))cu,_)2 sin’(w.t +6) (3.68)

AUVIABITNIYRIANNTIN (3.67) My x(r) Irldnadwiiluaunisil (3.69)

x(0)x"(t)=—((A +m(0) o, )2 cos’*(a.t +6) (3.69)
auaunsT (3.68) Mwaumsi (3.69)
(X)) - x@)x"(0) = ((A +m(D)@,)’ (3.70)
0OAINTIADY VBIANNTT (3.70) wanwadnsleduaunisi (3.71)
JED) =x0)x"() =|(A +m()) o (3.71)

WISANNIST (3.65) Fwaunsi (3.71)
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RS, e :
X, (1) I(4<+"l(f))wr‘| s

FyqauednmusssuunsmuRIIavesdygueduUlnddaluiRne
x, (1) = =sin(@,t +6) -sgn{(A +m())w, | (3.73)

thiesnaluaumsit (3.73) russuumsmuaumannavesdyundugUlnddalui@sn
%t wut
x,(t)=—cos(w.t +0) (3.74)
thaunsi (3.63) gruiuaunisi (3.76) Inadwéfaunisd (3.75)
x,(1)=—(A +m(t))cos(w.t +6)cos(w,t +6)
. -ﬂz’"—(’)) {cos(2a,t +20) +cos(0))} (3.75)

A ml) +2m(’)) cos2a1 +26) — A0 +2m(' )

Unaansilaainaunisy (3.75) Weuisasnsasanudeeiusylanadnsasaunisi (3.77)

”(”*w (3.77)

a o w
3.8.2 msvszgndldeuszuunsnivaunsuinvasdyyinnausUleddaludia
o - -
AunsAnagLannNIIAIND

Tunuddeildiiauenisvszgndldnuszuunismuaumuuavesdyguadugy
€ @ L = o a «
lousalud@luudenlaezunsunisiveganniennud uansfaguil 3.9

= o v a [y o =
?qﬂéﬂ‘ﬂ 3.9 ﬂ']ﬁumlﬂamm']mEJUV!m x(1) L'ﬂuammqmﬂwqunqiuaﬂkﬂﬂwqﬂﬂﬂ'lﬂﬂ
i W o
waz m(r) Dudgygutnas daunisi (3.78)

x(1)= Asin(aw.1 + I m(t)dr) (2.78)

Wiadwson15iasEniesnmuald wr+ [ m(z)dz = 6(r) FvtuannsaiBouanumsivilaidu

x(t) = Asin(6(1)) (3.79)
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[ v fw W oo =l s L5 P~
WaNSYBYRUSIUNUN 1 way 2 ves aunsi (3.79) lenadws dsaunisi (3.80) uay (3.81)
RHRIEHT

dx(1)

xX'(t)= e Acos(8(1))0'(1) (3.80)
" dzx(f) " ' 2 ..
X()=—0 A cos@(1)6" (1)~ (6'))' sin(6(r) | (3.81)

yNAAIADINIADIT9BIANNTH (3.80) oy

(X)) = A*(€'(1)) cos*(6(r)) (3.82)

waqmzijaumiﬁ (3.81) uay (3.79) lénadaunisi (3.83)

x(Dx"(1) = A° [cos(@(r))sin(&(r))B'(r) -0’ sin’(&(:))] (3.83)
auaunIsi (3.82) Meaunisi (3.83)

(X'(D) = x(0)x"(1) = A (8'(1))’ cos* (6(1))
- A% cos(B()sin(@NO" ()~ (6'(1))’ sin*(6(1) |
= A*(6'()) [ cos* (8(1)) +sin’(B(1)) | - A” cos(6(1))sin(6(1)&" ()

A’sin(26(1))0"(1)
2

(3.84)

= A (0() -

WIUAY 8(1) =t + Im(r)dr, O'(t) =, +m(t) waz O"(r)=m'(r) MUAIWY waztdeygyiu

' L = ' v v i v ' =i
U1a15 m(r) duiimsidsuutasetnedng ald m'() < A uazkadnduain1smAsIng 2
YoIAUNTSY (3.84) Ain

JEO) = x)x"() ~ A, +m(2)) (3.85)

Wisaun1si (3.80) Muaunisi (3.85)

xX'(r)
A(w,_r +m(t))
 Acos(8(1) (.1 +m(1))
- A(e,t +m(1))

x,(1) =

(3.86)

!

=cos(@(r)) =cos(w 1 + _[ m(t)dt)
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SAGC y(1)
LPF |,

=

aq

JUN 3.9  udenlaezunsunsuszyndlieiussuunInIuAEvINIUIAYe iy IAaY

€ w wa o - -
jUletdnlui@funsinegannianaud

nadwsvasnIsamiuTEnINaNnNIIi (3.80) uay (3.86) fie

X'(0)x, (1) = Acos’ (8(1))0'(t)
"y cos(28(1)) +1

5 a'(r)

UWNUA 6(r) = .+ I m(r)dr Wax '(t)=w. +ml(r)

xX'(1)x, (1) = M[COS(Z(@H j‘ m(t)dr)) +]J

= Mcosu(w,.r v I m(t)dr)) +

° ¢ M v = ' de v
dnednaiildinnnaunisil (3.88) Wwavsnsesudisiuasle

(w,. +m(t)) _ A, N Am(r)
2 E 2

A
y(t)=

A, +m(1))
2

(3.87)

(3.88)

(3.89)

S ' alv v a ¢ v
Fanwudn wafildannnisiesrsiauudentaezunsunsussgnildau ssuunisaiuaun
urnvesdygrunduguletdaludddunisiveguaanieanud awnsaddyginutians

m(f) NAUALNLA
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3.8.3 FTUUNISIAAIANULI ATV YIS TUUSEUUSANS N IYAAUABITaY  (CW
& ) P
radar) UNAUFIUVDITTUUNITAIUANNIIVUIRYRSHU uARUgULoY
IAlulR

wanNAsUsEgNAlTusTUUMSMUAIITInave iy unausU Ll Snluliad
thiaueifuszuunsiveganiliiniausluudluiied 3.8 dluineinusatudsls
tauensuszandldaussuu SAGC  fussuumsiadimnniidivuevesszuusaiild
ﬂ?\‘wiaLﬂaﬁwﬁanlme"Lm'smaamﬂﬁﬂnﬁ"fmd’m'nnL%"Jii’wmwaa5~‘U°uLiﬂﬂ%ﬁlﬁmﬁu
seiilesgnuanslilusud 3.10 Tnefimedeiiuszneuludae 2 Sunsudes Ao funsunis
w3sudty a0 uay wmaunw'i'mmmmL'i'm'maiwwm'i'mmmlﬂ Tavdmiudunounis
wissadoyey iy 2993nseseuiinkiy mwm'ﬁlumsnwmmammmwmuwummmn
g9 waz 2993 SAGC  vihmhidursasvenudygy m’lwatyrmmmmvgmmawumammiau
Ayaauduiienouadu 1 whe, Aatiuazgnideuly 90 ssmuilawisufudya oo
yorasnsesauiei danludiuvestuneudl 2 e funeulunisinraudadauae
maaﬁmfywmﬁazﬁaumni’wqﬁﬁ'lf"fal,ﬂ%‘auﬁtfu 'l.u"‘mmﬁwuéﬂﬁ'uﬁwﬁﬂmeaﬁﬂmsﬁuaq
aamenrwdmiaueluluidod 3.8.2 uldou Tasudenlnorunsuveanisivegianiis
mwiiauslduandlilugui 3.9

5 =4 o
3.8.3.1 VUABUNILATUUALY U

:.uaamnwaawaﬁlmmnmimwacycg'lmsuﬂ'nmummmmadmmammmmmnm
muuuwmwm‘ummaaargcgﬂmauwmuua”umamaa u,avmLWamaqatymwmvgmaaﬂUma
Wisunudyeyrudunm muumaamﬂmmaﬁwu SAGC fiiiaueluadief 3.6 Ao Awuin
11NATBITEUY SAGC arilAwinfiu 1 wiae wazAmlavesdygaendvmaziaeulu 90
deleuivdyandunm Tuinerfinusatuiizadiings sacc mldifunsvenedyyn
WeldArvuavesdyyrueylugrsiivunsaufuaiidanisinnuresssuudaly Tag
vuall x(r) \Dudrygauendnmuasiniasdsdiya i HB100

x(1) = Asin(a,t) (3.90)
oy A uar o, \WuAvakazA R damvedygy aesmaveaseddyguin

o v = v oo w a o - P & - '
HB100 wasdryguazvieuiilanningimaundounauadu Jwelulergnidanindygyu
BUNA x,,, (1) VBISTUU SAGC

(1) = KAsin[(a, + @,)t + 9] (3.91)

m her

' =i 0 i ' i o o
Toe K, 0, uaz gJuriasiivesdaunissnis, Aanudnellass uasArrsiiaideuly
v M v s a0 a - = o w i &4 a ' a a
vesdgygavvisuilanningiidundeuiinddiu Juflefnnsumalrinuiidayuues
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(0 wazieliirwsion1sIa Tz AU (0, +0,) =0 AIUUANNITY
(3.91) szanmnsadouludliidu

Ay x

waé’wéﬁlﬁammsv‘hauﬁuaaumw 1 uay 2 vesdnyn x (1) wanslaluaunisi (3.93)
way (3.94) Auaneiu

= KAwcos(awt + @) (3.93)

xl' (f) — d‘xw'.'m (f)
echo df

d rw.'w( )

t
(rhn() df

—KA@® sin(wt + @) (3.94)

dlavhmseniidaesiiaesineeaunisi (3.93) seldnadndidy
(x:(,m ()" =(KAw)’ cos*(ar +p) (3.95)

@mé’zgtymluaumiﬁ (3.94) Tadastng ¢ qYeInd x,,, (1) WUN

£ (r)xu,,“(r) = —(KAw)’ sin’ (@1 + @) (3.96)
wdInuauaunsi (3. 95) Feaunsd (3.96)

(Ko () = X (DXL (1) = (KAw) (3.97)
VnsnensInuesaunisi (3.97)

N (O = X (00, (1) =| KA (3.98)

o o e v P @ = < w o '
hAmsnflaanaunisi (3.98) wndudavis Tneflauntsi (3.93) Hudas wuin
x,(1) =cos(at + @) (3.99)
= | v " e ¢ a0 o
wazillounuamiuls @ My (@ +,) Wy aednavesszuuimitauadull
AIWEANNTIT (3.100)

echo (t)

N |CWAcqu151t10n |
AN .“,‘ il
VA 'HB 100 module‘ i LEF !
ey | ... .
| Slgna] I SAGC

i Preparation |

v(it) !
L Matching | FM
Process Demodulation |

= =3 o 3 & @ &
3U# 3.10  vlenlnarunsuuedseuun1sinanusidiumsuuiug ueesEuUnIg
AuALMITIATasdanAdugUleialudR
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x,(1)=cos[(@, + @, )t + @] =sin [(a}o + @ )+ o+ %i| (3.100)

AT (3.100) WUIITHUU SAGC ﬁﬂwmuaﬁwﬁwﬁﬂmawmmaﬁrgzmm'lumzﬁ
fifn Kk <1 dawlunsdiidn & >1 nudrseuu SAGC  fiiavessyiuididuissanvey
dyu Tngszuu SAGC  azldenvunaiednmuesszuuwindu 1 vl uazideuimaves
Fyanilv 90 dlaouiudyandunn x, ()

j 1A
o
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Fagirndundoud

Tutumoudl 2 vesszuuiinaveie %umaumﬁﬂmmmL%uﬁamm:maaé‘mmwm
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amsﬁuamLammmmuﬁlumﬁwﬁmmﬁmaUuJaa%aammnné’mmmuamammmﬁﬁuwm
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ANULIANYBIT YR AR LN LLa:ﬁﬂ"lmunmﬁz‘?uﬁ'aﬂmaaﬁ’mmm’dmaﬁﬁnnuamamm
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Fyayraluaunisi (3.82) TnsRiansannsimseidygyiaduiated 3.8.2 fwsdaunsi

Vo ¢ =i v | cd v ' v o
(3.78 - 3.89) wundynanavneilaferifnelilaasiinesnis uAgneeviannIewsaiulv
f59 Al

\aa,) o o
2 2 2

y(t)= (3.101)

Tuund 3 ﬁLi‘JumsﬁwLauawé'nmwaaﬁsuumsmﬁwﬁmwaﬁuyﬁmﬂLLU‘U’LmJ' (APDS)
wagmsthszuu APDS wUszgndlden ieadissruunisiiveganiuu BPSK uar seuunis
fuegianiuy QPSK uenantudsldiinisthiauendnnisuessyuunismunmennaTes
dyananduguleddnlui (SAGO) wagmsthsruu SAGC wssyndldan eadrasyuy
NISAUBGLEANIVUINA, NMSANAAAMIAIUE War TLUUNMIATIRTUAANLS L Tes
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s‘"uumawmwaLt}uswwmsnuamammu BPSK uay QPSK
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DUTYCYCLE VS PHASE DIFFERENCE RELATIONSHIP
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A New AM Demodulation Scheme with a Blind
Carrier Recovery Method

S. Sukkharak, K. Jeerasuda, and W. Paramote

Abstract—In this paper, the propused large carrier AM
demodulation scheme implemented based on the proposed
sinusoidal automatic gain control scheme (SAGC) is presented.
A Multiplier, a LPF and 2 sets of SAGC are combined to
accomplish the new AM demodulation scheme. The prominent
benefit of the proposed AM demodulation scheme is having the
blind carrier recovery method. For any ranges of the carrier
frequencies and wide range of the modulation indexes, the
proposed AM demodulation scheme has the ability to recover
the baseband signal. With a very simple mathematical analysis,
the proposed SAGC provides unity magnitude and 90-shifted
phase output for all input’s frequency components. By using
the computer simulation, the proposed SAGC and AM
demodulation schemes provide the convenience, advantages
and acceptable results compared to their traditional
techniques.

Index Terms—AM demodulation, carrier recovery, Hilbert
transform, sinusoidal automatic gain control

I. INTRODUCTION

HEN free space is the communication channel,

antennae, operating effectively only when their
dimensions are of the order of magnitude of the signal
wavelength. radiate and receive the signal. Therefore. the
required-antenna length may be reduced to the practicability
point by shifting the audio tone to a high frequency.
Amplitude modulation method [1] has been used as tools for
this objective. However, the problem may occur in signal
recovery process when the local frequency generated differs
in phase or frequency from the transmitting site. The
recovered baseband signal strength will, thus, be
proportional to these phase differences [1-2], unless it is
possible to maintain the phase difference to be zero. If the
frequency difference occurs, the quality of the information
signal recovered will also be decreased. Since the carrier
synchronization [3-4] has been an important problem for the
communication systems, envelope detection is an alternative
recovery method which does not need the carrier to obtain
the information signal. But envelope detection still requires
some conditions such as the transmitting massage must not
be a negative value and the time constant (RC) must be in
between the period of the carrier wave and the shortest
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period of a baseband signal (I//, <<RC<<I//,). In

addition, the Costas loop [l1] is one of the powerful
demodulation techniques because of its ability to
demodulate AM, FM and PSK signals without the need for
mode switching. Still its carrier recovery method relies on
the knowledge of the modulated frequency and a false the
lock phenomenon [6-7] relies on accumulated delay in the
long loop. According to these conditions, the large carrier
AM demodulation scheme with a non-data aided carrier
recovery method is proposed. It is based on a new
sinusoidal automatic gain control scheme (SAGC) which is
also proposed in this paper.

The organization of this paper is as follows. Principle of
the Hilbert transform and a new sinusoidal automatic gain
control scheme are mentioned in section II. In section III,
new AM demodulation scheme using a new SAGC will be
discussed in great detail. Section IV illustrates the results of
Matlab computer simulation. Finally, conclusions are given
in section V.

II. PRINCIPLES

A. Hilbert Transform

The Hilbert transform is the convolution of an input
signal (x(r)) with the signal —I/z, which is the impulse
response of the Hilbert system. The Hilbert transform of
x(¢) by H[x(1)] is defined as

i(r)=x(f)*;—: (1)

when x(¢) is the Hilbert transform of x(¢) . Let us consider

the Fourier transform of the Hilbert impulse response,
which is

H(jw) = F{_—I} = jsgn(@) (2)
t
where the function jsgn(w) can be defined as
l, >0
H(jo)=jsgn(w)=4{ 0, w=0 (3)
=I; w<0

Similarly, the Hilbert system can be expressed in terms of
magnitude and phase as follows.

|H(jw) =1 (4)
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|H (jow)|=4" (16)
I(l)_m -
- >0
UH(jw)= B (17
—-f-; w<(
2

Fig. 1. The proposed SAGC block diagram based on the Hilbert transform
—,E; >0
NH(jo)={ 2 (5)
b g
-—: w<0
2
Eq.(4) and (5) indicate that the system of the Hilbert
transform has no impact on the input’s magnitude but phase
of the input is shifted by 7/2 radians for all frequency
components. For example, x(r)= Acos(wr) is the input

signal then the Hilbert
IS X(1) = —Asin(ar) .

output of the transform

B.  The Proposed SAGC Scheme
From Fig. 1, let x(¢) be the sinusoidal input, which is

X(1) = Asin(w,t) (6)
where 4 and @, are amplitude and angle frequency of the
input signal. By taking first and second derivative tox(r), it
respectively yields

x'(1) = g, Aw, cos(wyt) (7)
dt
2
X" = dd';m = —Acuuz sin(a,t) (8)
Squaring both sides of (7)
(x‘(!))2 =(Aw, )2 cos® (w,t) (9)
By multiplying both sides of (8) by x(1). it yields
X(1)x"(1) = —(Aw, )’ sin’ (a,1) (10)
Subtraction (10) from (9) yields
(X))’ = x(0)x"(t) = (Aw, ) (11)
Then taking square root of (11) results in
JEO) -x0x"@) = V(1@,)} = |40 (12)
After dividing (7) by (12), it yields
AU
X,(f)—muA (13)

Then substituting (7) for (13), the system’s output finally is

X, (1) = cos(@yt) = sin(aw,t + -;i) (14)

By taking Laplace transform to both sides of (13), then the
AGC’s transfer function can be expressed

@ (1)
Hisy= X(s) _[(z)ﬂA] yeH

Hence from Eq.(15), the transfer function of the proposed
system can be expressed in terms of magnitude and phase as
followings.

(15)
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In comparison with the single sinusoidal input signal as
given in (6), the unity magnitude and 90-degree-shifted
phase characteristics corresponding to the magnitude and
phase responses of the system are applied to obtain the
output as given by (14).

M. LARGE CARRIER AM DEMODULATION SCHEME
From Fig. 2. let m(¢)be the information signal and the
input x(t)applied into the proposed sinusoidal AGC is the
amplitude-modulated  signal by multiplying the input
m(t) with the carrier cos(w t +8). Thus,
x(1)=m(t)cos(w t + &) (18)
The output signal obtained by applying x(¢) to the first new
sinusoidal AGC is
X, (1)==sin(w, + 0) (19)
By feeding (19) into the second AGC, then its output can be
expressed as

X, (1) = —cos(@,t + 9) (20)
The multiplication between ( 18) and (20) yields
xm(r)z-$cos(2m,r+29)—m @1

As can be seen in (21), the low frequency component
obtaining by using a low pass filter can be expressed as
m({)

»i)y=-—=

22
> (22)

IV. SIMULATION RESULTS

In this section, two parts of SAGC scheme simulation
results are illustrated. The first part presents the essential
characteristics of SAGC scheme such as amplitude and
phase characteristics. The second group 1s to describe the
proposed large carrier AM demodulation behaviors.

A. SAGC Characteristic Results

From Fig. 3(a), this result is obtained by applying 10 kHz
sinusoidal input signal with peak amplitude of 10 mV. In
this case, the proposed SAGC performs as amplifier with 20
dB gain in order to provide the unit output amplitude
depicted by the dash line. The spectrum plots shown in Fig.
3 (b) and (¢) confirm that the frequencies of input and
output signals are not different.

—l o i

pll p LPF

Proposed
SAGC

Proposed
SAGC

e ]

x, (1)

Fig. 2. Large carricr AM demodulation block diagram based SAGC
scheme
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Fig. 3. The unit amplitude characteristic of the SAGC’s output for a
sinusoidal input (10mV and 10 kHz).

INPUT=Asin(at) VS OUTPUT=cos(ol)

10 Ty

‘04 -ﬂﬁr 06 07 708” a9 1
(a) x 107 Tme(s)

Fig. 4. The 90-shifted phase characteristic of the SAGC’s output fora
sinusoidal input (10 V and § kHz).

In order to acquire the 1-Volt output amplitude shown in
the dash-line signal in Fig. 4 (a), the SAGC scheme fed with
the sinusoidal input signal at 5 kHz and with peak amplitude
of 10 V performs as an attenuator with attenuated gain -10
dB. Besides the unit amplitude behavior, the proposed
scheme also delivers the output signal with 90-shifted phase
as illustrated in the dash line.

From results in both figures, this scheme can perform as a
unit amplitude stabilizer for all input’s  frequency
components because of its characteristics. It is either an
attenuator for the input greater than 1V or an amplifier with
an input lower than 1V.
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B. AM Demodulation Results

AM SIGNAL, Am=1 5V, Fm= 350 Hz, Fc = 10.5 kHz, u=0 75

W“v w ™

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
()
OUTPUT OF SAGC SYSTEM

(1] 0002 0004 0.006 0008 001 0012 0014
(b)
INFORMATION SIGNAL
o l n H
R
g
< -If : 1
1] 0.0l 002 003 004 0.05
(c)

RECOVERED INFORMATION SIGNAL
1 T - T

-t 1 I i 1
0 0.01 0.02 003 0.04 0.05

@ Time(s)
1.5V, Fm= 350 Hz, Fc = 10.5 kHz, u=0.75

FT OF AM SIGNAL, Am=

SRS S
| 101 102 103 104 105 106 107 108 1.09 L1
(e x]U'
FT OF SAGC OUTPUT SIGNAL

T T T
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0

4
x10
FT OF INFORMATION SIGNAL

0 200 400 600 200 1000 1200
@
FT OF RECOVERED SIGMAL
ast = J :
0 L i i
0 200 400 600 200 1000 1200
(h) Frequency (Hz)
Fig. 5. The result of AM demodulation system using the proposed

sinusoidal automatic gain control scheme based the Hilbert transform where
(a) and (b) are the AM signal and the output of the proposed AGC scheme,
respectively, (c) and (d) are the information signals at the transmitter and
receiver, respectively, and (e)-(h) are the frequency component of the
signals (a)-(d).

The simulation result of the proposed AM demodulation
technique [Fig. 2] has been illustrated in this sub-section. In
Fig. 5 (a), the AM signal has been generated from 10.5 kHz
carrier and 350 Hz information signal. In Fig. 5 (b), the
signal can be obtained by feeding the AM signal into the
proposed SAGC scheme twice. The spectrum in (f) shows
that the carrier frequency is equal to the transmitted carrier
frequency in (e).The spectra shown in (g) and (h) indicate
that the information signals at the receiver can be recovered.
Moreover, in Fig. 6 (b), white noise (-28.62 dB) has been
added into the AM demodulation system so as 1o estimate
the signal to noise ratio output which is 23.47 dB.
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Fig. 7. The result of AM demodulation system using the proposed SAGC
scheme based on the Hilbert transform in order to evaluate the effect of
modulation index and carrier frequency.
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V. CONCLUSION

With a simple mathematical analysis, a new sinusoidal
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Abstract—In this paper, the proposed FM demodulation
scheme implemented based on the proposed sinusoidal automatic
gain control scheme (SAGC) is presented. A multiplier, a LPF
and a set of SAGC are combined to accomplish the new FM
demodulation scheme. With any ranges of the carrier
frequencies, the proposed FM demodulation scheme has the
ability to recover the baseband signal. With a very simple
mathematical analysis, the proposed SAGC provides unity
magnitude and 90-shifted phase output for all input’s frequency
components. By using the computer simulation, the proposed
SAGC and FM demodulation schemes provide the convenience,
advantages and acceptable results compared to their traditional
techniques.

Keywords—FM demodulation; envelope detection; Hilbert
transform; sinusoidal automatic gain control

I.  INTRODUCTION

When free space is the communication channel, the
frequency modulation has been used effectively in
communications systems for transmitting the audio tone with
high frequency carrier. For FM-modulation system [1], there
are several types of the signal recovery techniques. The first
type is of converting the FM signal to and AM signal through
differentiation and then use the envelope detection in order to
retrieve the information signal back. Still, the envelope
detection [2-3] requires some conditions such as the
transmitting massage must not be a negative value and the time
constant (RC) must be in between the period of the carrier
wave and the shortest period of an information

signal ( /l << RC << }/f..)' The second type directly tracks

the phase and frequency of the modulated signal by using the
phase locked loop (PLL) [4-5]. Besides the sub-circuit
limitations of PLL such as VCO and phase detector need to be
concerned, the data aided carrier recovery method [6-8) has to
be prepared in order to match the lock range.

In addition, the Costas loop [1] is one of the powerful
demodulation techniques because of its ability to demodulate
AM, FM and PSK signals without the need for mode
switching. Still its carrier recovery method relies on the
knowledge of the modulated frequency and a false the lock
phenomenon [9-10] relies on accumulated delay in the long
loop. According to these conditions, the FM demodulation
scheme with a non-data aided carrier recovery method is
proposed. It is based on a new sinusoidal automatic gain
control scheme (SAGC) which is also proposed in this paper.
Moreover, the SNR is a basic in specifying the signal quality in

50

Paramote Wardkein

Department of Telecommunications Engineering,
Faculty of Engineering, King Mongkut’s Institute of
Technology Ladkrabang Bangkok, Thailand
pramote@telecom.kmitl.ac.th

analog signals. For voice signals, the standard SNR [I, 11] of
25 to 35 dB at the receiver implies a good quality signal. From
the simulation in the noisy environment (-28.62 dB), the SNR
output (28.16 dB) of the proposed FM demodulation scheme is
satisfactory.

The organization of this paper is as follows. Principle of the
Hilbert transform and a new sinusoidal automatic gain control
scheme are mentioned in section Il. In section 1ll, new FM
demodulation scheme using a new SAGC will be discussed in
great detail. Section IV illustrates the results of Matlab
computer simulation. Finally, conclusion is given in section V.

II. PRINCIPLES

A. Hilbert Transform

The Hilbert transform is the convolution of an input signal
(x()) with the signal ~1/zt, which is the impulse response of
the Hilbert system. The Hilbert transform of x(t) by H[x(l)]
is defined as

}(1)=x(f)*_—l
mt

(1

when x() is the Hilbert transform of x(t) . Let us consider the
Fourier transform of the Hilbert impulse response, which is

(2)

H(jw)= F{_—]} = jsgn(w)
mt

where the function /sgn(w) can be defined as

I w>0
H{jw)= jsgn(w)={ 0; w=0 (3)
- w<0

Similarly, the Hilbert system can be expressed in terms of
magnitude and phase as follows.

|H(jw) =1 )
E; w>0
AH(jw)={ 2 (5)
n
—5; w<(

Equation (4) and (5) indicate that the system of the Hilbert
transform has no impact on the input’s magnitude but phase of
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the input is shifted by /2 radians for all frequency
components. For example, x(r)= Acos(ar) is the input signal
then the output of the Hilbert transform is (/) = -4 sin(ax) .

B. The Proposed SAGC Scheme
From Fig. 1, let x(¢) be the sinusoidal input, which is

x(1) = Asin(ayt) (6)
where 4 and w, are amplitude and angle frequency of the
input signal. By taking first and second derivative tox(r), it
respectively yields

(1) = d’;(:J = Aa, cos(wyt) (7)
x"(1) = d;:z(f) =—Aw,’ sin(w,r) (8)
Squaring both sides of (7)
(') = (Aw, )" cos* (1) (9)
By multiplying both sides of (8) by x(1), it yields
x(N)x"(t) = —( Aw, )2 sinz(ruor) (10)
Subtraction (10) from (9) yields
(.\"(i'))2 = x(0)x"(t) = (Aw, )2 (11)

Then taking square root of (1 1) results in

V@) x50 = (40, =[] (12)
After dividing (7) by (12), it yields

(=20
O~ (13)

Then substituting (7) for (13), the system’s output finally is
. n
x.(1) = cos(w,t) =sm((uu:+5) (14)

By taking Laplace transform to both sides of (13), then the
AGC’s transfer function can be expressed

K@ (1)
H(s)= o [%AJ s=jA (15)

w | @ [
T dt

x(1)

Fig. I. The proposed SAGC block diagram based on the Hilbert transform
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Hence from Eq.(15), the transfer function of the proposed
system can be expressed in terms of magnitude and phase as
followings.

|H(jw)| = 4" (16)
E; >0
LH(jw)=] 2 (17)
(4
_E; w<0

In comparison with the single sinusoidal input signal as
given in (6), the unity magnitude and 90-degree-shifted phase
characteristics corresponding to the magnitude and phase
responses of the system are applied to obtain the output as
given by (14).

I11. THE PROPOSED FM DEMODULATION SCHEME

In Fig.2, let m(t) be the information signal and the input
x(r) applied into the proposed SAGC is the frequency-
modulated signal by the integral of input m(t), which is

x(t) = Asin(a.1 + jm(rydr) (18)

By considering the argument term, wfr+J'm(r)dr is the

angle of x(z), then by setting @, + Im(r)dr:&(r). eq. (18)

1s rewritten as

x(t)=Asin(6(1)) (19)
By taking first derivative to x(r), it yields
()= 5"‘% = Acos(81))E'(1) (20)

By following the steps in section II from (8) to (10), then the
subtraction is

b "
(X)) = x)"() = 4 (6'0))* —A—w @1

By replacing €(t) in(21) with @t + J. m(t)dr , then the first-

Fig. 2. Frequency demodulation scheme using the proposed SAGC scheme
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and the second derivative of €(¢) can be illustrated as
g(t)=w +m(t) and G(t)=m'(r), respectively. Let m(¢)
have a very slow variation, therefore, it is assumed that
m'(t) = 0. Hence, the square root of (21) can be shown as

(X)) ~x(0)x"(0) = A( e, +m(1)) (22)
After dividing (20) by (22), finally
x, (1) = cos(6(1)) = cos(ew, + J m(r)dr) 23)
The multiplying result between (23) and (26; is
x'(1)x, (1) = AE&?}M &'(r) (24)

By substituting 6() and @'¢:) by a)‘f+J‘m(r)dr and

@, +m(f), respectively, then the low frequency component
obtained by the low pass filter is

Alo,+m(t))  Aw.  Am()
wi)= = +
2 2 2
The mathematical analysis that has been described shows
that the FM demodulator block diagram using the proposed
SAGC scheme can be used as a tool to recover the information
signal m(r) . However, the DC offset at the output of the system

depends on the carrier frequency and the signal amplitude.

(25)

IV. SIMULATION RESULTS

A. SAGC Characteristic Resutls

From Fig. 3(a), this result is obtained by applying 10 kHz
sinusoidal input signal with peak amplitude of 10 mV. In this
case, the proposed SAGC performs as amplifier with 20 dB
gain in order to provide the unit output amplitude depicted by
the dash line. The spectrum plots shown in Fig. 3 (b) and (c)
confirm that the frequencies of input and output signals are not
different.

In order to acquire the 1-Volt output amplitude shown in
the dash-line signal in Fig. 4 (a), the SAGC scheme fed with
the sinusoidal input signal at 5 kHz and with peak amplitude of
10 V performs as an attenuator with attenuated gain -10 dB.
Besides the unit amplitude behavior, the proposed scheme also
delivers the output signal with 90-shifted phase as illustrated in
the dash line. From results in both figures, this scheme can
perform as a unit amplitude stabilizer for all input’s frequency
components because of its characteristics. It is either an
attenuator for the input greater than 1V or an amplifier with an
input lower than 1V,

B. Results of The Proposed FM Demodulation Svstem

The last simulation results are of the proposed FM
demodulation technique [Fig. 5). In Fig. 5 (a), the FM signal is
generated from 10.5 kHz carrier and 350 Hz information
signal. In (b), the signal can be obtained by feeding FM signal
into the proposed AGC. The spectra given in (2) and (h) show
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that the information signals at the receiver can be recovered.
Moreover, in Fig. 6 (b), white noise (-28.62 dB) has been
added into the FM demodulation system so as to estimate the
signal to noise ratio output which is 28.16 dB.

INPUT=Asin(wt) VS OUTPUT=cos(at)
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Fig.3. The unit amplitude characteristic of the SAGC's output for a
sinusoidal input (10mV and 10 kHz).
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Fig. 4. The 90-shified phase characteristic of the SAGC’s output for a
sinusoidal input (10 V and 5 kHz).
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Fig. 5. The result of FM demodulation system using the proposed SAGC
scheme based the Hilbent transform where (a) and (b) are the FM signal and
the output of the proposed AGC scheme, respectively, (¢) and (d) are the
information signals at the transmitter and receiver, respectively, and (e)-(h)
are the frequency components of the signals on their left-hand column.

V. CONCLUSION

With a simple mathematical analysis, a new sinusoidal
automatic gain control scheme is presented. Based on Hilbert
transform, the proposed SAGC provides unity magnitude and
90-shifted phase output for all input’s frequency components.
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FM SIGNAL+NOISE . Fm= 350 Hz. Fc = 10 § kHz
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Fig. 6. The result of FM demodulation system using the proposed SAGC
scheme based the Hilbert transform for white noise environment where (a),
(b), and (c) are the FM signal, noise and the output of the proposed SAGC
scheme. respectively. (d) and (e) are the information signals at the transmitter
and receiver, respectively.

Without the feedback structure, this proposed SAGC's
properties are quite similar to the feed-forward AGC’s one.
Hence, this proposed scheme does not take much time to
provide the unit output signal and can process more
information comparing to the feedback structure. Based on the
proposed SAGC, it can be applied for a FM demodulation
scheme that can avoid the problem of matching recovery
carrier and a false the lock phenomenon of the Costas’s loop
and PLL. With the wide frequency range ability of the
proposed SAGC scheme, the proposed FM demodulation also
has the ability to recover the baseband signal back for wide
ranges of the carrier frequencies. Furthermore, the benefits and
the drawbacks of the traditional FM demodulation techniques
are listed in order to compare with the proposed FM
demodulation scheme shown in Table I.

For voice signals, the standard SNR of 25 to 35 dB at the
receiver implies a good quality signal. From the simulation in
the noisy environment (-28.62 dB), the SNR output (28.16 dB)
of the proposed FM demodulation scheme is satisfactory.
However, it should be noted that the baseband signal output of
the proposed FM demodulation will has a DC offset depending
on the carrier frequency.

TABLE L PERFORMANCE OF FM DEMODULATION TECNIQUES
Type of FM iseirfurmunce |
demodulation Advantages : Disadvantages !
| Very simple and | Time constant (RC) must be |
Envelop . ; e i
| . easy to implement. between the carrier signal
detection ; |
[ period _and  the  shortest |
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Type of FM Performance Type of FM Performance l
demodulation Advantages Disadvantages demodulation Advantages Disadvantages g
information signal period. 1f proposed SAGC scheme, the }
RC constant is less than the ' proposed FM demodulation !
carrier  signal period, the : also has the ability to recover |
i ripple over the information ‘ i the baseband signal back for |
output will be increased. In | i wide ranges of the carrier |
the case of the RC constant is | | | frequencies. i
more than shortest signal
period. the recovered output REFERENCES
might be distorted. ; o . _
The performance is | The circuit is quite complex 1 geﬁ;il'f;lyéif;n];mm"m System.  Wiley Eastem Limited, New
very good in the low | because there are several i L A
SNQ;R environment. | components combined so as | [2] K. F. Kord, M. E. Depuy and C. R. Meyer, "Fast envelope detection for
J | If the input sinusoid | to achieve the demodulation. ‘ thinned display of finely digitized ultrasound scan.” [EEE. Trans.
| is noisy, the PLL not \L Each of the components has Biomed Engineer. vol. BME - 32, no. 8, pp. 637 - 638, 1985.
i only tracks thc | its own himitation such as [3] H. Xiongchuan, G. Dolmans and J. R. Long, ~ Noise and sensitivity in
™ sinusoid, but also | free running trequency of the | RF envelope detection receivers,” IEEE Trans. Circuits and Systems 11,
Ssdiiliiion cleans it up. VCO needs the transmitter's vol. 60, pp. 637-641, Oct. 2013.
by using PLL local frequency information [4] B. Y. Bae, M. Univ and D. K. Lee, “ Novel structure of phase-locked
in order to generale the local loop robust against disturbances,” Electrical Machines and Systcms
carrier at the receiver. In the International Conf,, pp. 169-174, Oct 2007.
G of e ! rli'jq“"“z [5] A. Singhal, C. Madhu and V. Kumar, “Designs of all digital phase
15 not in the PLL's loc locked loop.” Recent Advances in Engineering and Computational
“;l"ge °'t'hc '"9“;: I'r;:;utj:ncy Sciences, pp. 1-5, March 2014
m:;ﬁ‘; 12:‘::};':02"( e i‘ [6] R. L. Cupo and R. D. Gitlin, “Adaptive carricr recovery systems for
2 ; ! = g ;i 3
This demodulation | The local carrier generator at | digital data communications receivers.” IEEE Journal on selected areas
is very powerful | the receiver needs the local | in Communications, vol. 7, no. 9, pp. 1328-1339, 1989.
becausc it can | frequency information from [7] H. M. Kwon and E. K. B Lee, “A novel wireless communication device
Costas loop demodulate the AM, | the transmitter in order to and its synchronization scheme,” IEEE Global Telecommunications
FM and PSK signal | produce the signal. Both of Conf., 1995, pp. 659-663.
without the need for | the low pass filters has to be [8] R. Haeb and H. Meyr, “A systematic approach to carrier recovery and
mode switching identical. detection of digitally phase modulated signals on fading channels,”
The baseband signal | This scheme can avoid the IEEE Trans. Communications. vol. 37, no. 7, pp- 748-754, 1989.
output  of  the problem of carrier recovery [9] Simon and K. Marvin, “The False Lock Performance of Costas Loops
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Abstract—With a very simple mathematical analysis, a new
insmnlaneous-velocity measurement method for a CW short
range radar system is proposed. The sinusoidal automatic gain
control and the FM demodulation based on SAGC scheme are
combined so as to accomplish this method. In order to provide
the echo signal for processing on Matlab program, HB 100
module performs as a Doppler shift signal collector. Because of a
very small echo signal input (uV), the SAGC scheme performs as
a very high gain amplifier to produce the unit amplitude signal.
With the shorter delay time, the ins!antaneous-velocity value is
obtained by converting the Doppler shift frequency of the
received echo wave by using the FM demodulation based on
SAGC scheme. The proposed velocity measurement technique
shows the less complication of velocity conversion and the
acceptable results comparing to the conventional ones,

I. INTRODUCTION

Generally, the radar system’s function depicted in Fig. 1. is
to transmit a burst of electromagnetic energy in order to detect
the target intercepting the energy by its receiver. The radar
system’s usage varies massively including: strategic and
tactical surveillance [1]; remote atmospheric and sea-state
sensing [2]; tracking and guidance [3]; and precision disaster
control or monitoring [4]. Since the electromagnetic energy
travels with the speed of light (¢ ) 3x10* m/s, the distance
(R ) from the radar to the target is measured by (1)

ct

5 (1
where ¢ is travelling round trip time of electromagnetic wave.
The target radial velocity can be conventionally measured in
two ways which are from the multiple range measurements
and from the Doppler-frequency shift of the received signal.
The velocity measurements using Doppler shift output almost
always give the better accuracy than noncoherent processing
of range measurements.

Transminer Target Velocity

Synelironization Radial Velocity

Larget Data
-— Receiver

Runge

Fig. 1. Radar system

ultimedia and Communication Technology

One of the simple radar systems, which only use just a
simple un-modulated continuous signal, is CW radar system
[5]. For CW radar system, a continuous wave signal is
transmitted with a constant frequency and amplitude towards
the target. At the sensor module, the echo signal is reflected
by a moving target with a radial velocity and is received with
an additional Doppler frequency. The distance between the
target and the sensor cannot be directly measured, but this
system can be modified by modulating the transmitting signal
to make a time reference of the received echoes.

In the industrial applications, the short range measurements
(below 100 meters) need to be performed with a high
accuracy. The Frequency Modulated Continuous Wave
(FMCW) radars [6] can solve this problem. Thus, many high
accuracy frequency-estimation techniques of the received
signal have been created and developed [7-9] in order to
approximate the frequency without increasing the FFT size.
To improve the frequency estimation, the two stage search is
introduced [8], [10]. The rough search is to find the N-point
FFT peaks and the delicate search is performed around the
peaks found from the first search. The above discussion
shows some complications of obtaining the information such
as distance, Doppler frequency and run time for these
conventional radar systems. Therefore, this paper presents a
new instantaneous-velocity measurement process for CW
radar system in order to amplify the measured Doppler
frequency and convert it to the instantaneous velocity of the
moving target. The results of this technique are determined by
the spacing of the points in the second stage.

The organization of this paper is as follows. Principle of the
CW radar system, HB 100 module, a sinusoidal automatic
gain control scheme (SAGC) [11] and The FM demodulation
scheme based on sinusoidal automatic gain control scheme
[11] are briefly mentioned in section II. In section 11, a new
instantaneous-velocity measurement for CW radar system will
be discussed in great detail. Section IV illustrates the results
of Matlab computer simulation. Finally, conclusion is given in
section V.

I1. PRINCIPLES

A. CW Radar System and HB 100 Module

Continuous wave radar (CW radar) emits a continuous
signal and must receive the returned signal while it is
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transmitting. Because the CW radar system continuously
transmits signal, the range between the sensor and the moving
target cannot be directly calculated. However, the target’s
velocity is proportional to the Doppler-frequency shift of the
received signal. In many CW radar applications. it is of
interest to distinguish that the target is approaching or
receding. This can be determined by using the separate filters
which are located on either side of the intermediate frequency.
If the returned frequency lies below the carrier, then the target
is receding; otherwise it is approaching. In the radar system,
the sensor module has been used to transmit and detect the
signal to retrieve the Doppler-frequency shift information. In
this paper, The X-band microwave motion sensor module
(HB 100) has been used for the CW radar signal acquisition
process. The X-band microwave motion sensor module (HB
100) is a mono-static DRO Doppler transceiver front-end
module. This module designed for the movement detection
consists of Dielectric Resonator Oscillator (DRO), microwave
mixer and patch antenna depicted in Fig. 2.

There are some specifications of HB 100 module needed to
be concerned. When the movement is detected. the amplitude
of the Doppler shift output at the IF terminal is in the range of
microvolt. In order to amplify the Doppler shift output to a
processable level, a high gain amplifier is usually connected
to the IF terminal. The frequency calculated by the Doppler
equation (2) of Doppler shift output is proportional to the
motion’s velocity.

F, = ZV[if)cosﬂ 2)

C
where F, is a Doppler frequency, F is a transmitted

frequency (10.525 GHz), V is a target’s velocity and @ is an
angle between the target moving direction and the axis of the
module.

At the level of 25 Hz Doppler shift output in the technical
data sheet, the received microwave signal is attenuated to 93
dB below the transmitted one. The total losses of 93 dB
combine with two ways free space loss (82.4 dB for 30-metre
distance at 10.525 GHz transmitted frequency), reflection loss
and absorption loss.

B. A Sinusoidal Automatic Gain Control

In 2005, the sinusoidal automatic gain control scheme was
proposed [11]. This research studied and discussed the SAGC
scheme in more detail in order to expand its applications
which will be briefly reviewed as follows. From Fig. 3, let
x(1) be the sinusoidal input, which is

x(1) = Asin(a,) (3)
where A4 and @, are amplitude and angular frequency of the
input signal.

By following the steps in [11], the system’s output finally is

5 =<0 (@)

w, A

Then substituting the differentiated input in (4), (4) can be
rewritten as

111

r B D, ;—-Oj
Osallator
Y
Alpxer N
-\n}:‘lﬂ "‘:;"“
\ IF GND O )

Fig. 2. Block diagram of the X-band microwave motion sensor module
(HB 100)

x(r)

Fig. 3. The proposed SAGC block diagram based on Hilbert transform

x, (1) = cos(wyt) = sin(w,t + %) (5)

By taking Laplace transform to both sides of (4), then the
AGC’s transfer function can be expressed by

X.(5) | i
H(s)="Cn| — |.s = A 6
5 X(s) (quJ N o

Hence, from (6), the transfer function of the proposed system
can be expressed in terms of magnitude and phase as
followings.

|H(jw)= 4" (7)

w>0

RH(jw)= (8)

;o w<(

ISHE TS ]

In comparison with the single sinusoidal input signal as given
in (3), the unity magnitude and 90-degree-shifted phase
characteristics corresponding to the magnitude and phase
responses of the system are applied to obtain the output as
given by (5).

C. FM Demodulation Scheme Based on SAGC

As discussed in [11], the application of the SAGC scheme
for a new FM demodulation technique was presented and the
results were shown that the proposed technique can
demodulate the information signal back. In this section, the
concept of this demodulation scheme will, therefore, be
briefly discussed. In Fig.4, let m(¢) be the information signal

and the input x(r) applied into the proposed SAGC is the
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frequency-modulated signal by the integral of input m(r).
which is

x() = Asin(@t+ [ m(r)dr) ©)

By considering the argument term, @1+ j m(t)dr is the

angle of x(¢), then by setting rqf+jm(r)dr =@a(r), (10) s

rewritten as
x(1)= Asin(6(1)) (1)
By following the steps in [11], then information of this FM
demodulation scheme is
)= A(@_+m(1)) _Aw,  Am()
2 2 2
Equation (12) shows that the FM demodulator block
diagram based on the proposed SAGC scheme can recover the
information signal m(¢) back. The DC offset in the
demodulation output is directly proportional to the carrier
frequency and the signal amplitude.

(12)

. A NEW INSTANTANEOUS-VELOCITY MEASUREMENT
METHOD

Because of the complication of the direct-velocity
measurement of the CW radar system, a new instantaneous-
velocity measurement method depicted in Fig. 5 is proposed.
This technique is separated into two procedures, which are the
signal preparation process and the velocity measurement
process. For the signal preparation process, LPF and SAGC
operate as the high frequency noise cancellation and the high
gain amplifier respectively. For the second procedure, the FM
demodulation processes the unit amplitude output of the
SAGC scheme so as to obtain the instantaneous velocity of
the moving target.

A Amplification by Using SAGC Scheme

Preparing the signal by using LPF in order to clean the high
frequency noise usually decreases the amplitude and shifts the
phase of the received radar signal. After that, the SAGC
scheme is applied to magnify the signal’s amplitude for the
latter process. Let x(r) be the transmitted signal, which is

Fig. 4. Frequency demodulation scheme based on SAGC scheme

2016 International Symposium on Multimedia and Communication Technology
August 31 - September 2, 2016, Tokyo, Japan

112
x(1) = Asin(ew,r) (13)
where 4 and @, are amplitude and angular frequency of the

transmitted signal respectively. The echo signal from the
moving target will be

Xeteo(1) = KAsin [ (@, + w, )t + ?] (14)
where K, @, and ¢ are the constant from the radar equation,
a Doppler angular frequency shift and a constant phase shift.
By considering the argument term, (@, +w,) 1s the angular
frequency of x(r), then by setting (0, +w,)=w, eq. (14) is
rewritten as

x(1) = KAsin(ax + @) (15)

The results of first and the second derivative of x(r) are
respectively, given by

v dx(t)
x'(r) 7

= KAw cos(wr + @) (16)

d*x(1)
dr’
By squaring both sides of (16), it yields
(.t'(.r))1 =(KAw)’ cos®(wt + @)
By multiplying both sides of (17) by x(t), it yields
X(0)x"(t) = ~(Kdw)' sin® (wr + @)
Subtraction (19) from (18) results in
(x0) =x(0)x"(1) = (KAw)*
The square root of (20) can be shown as

(¥'()' =x()x"(0) =| Ko

After dividing (16) by (21), the final result is
x,(1) = cos(wr + @)

x'()= = —KA@’ sin(ewt + @) (17)

(18)
(19)
(20)

(21

(22)
By replacing @ with (@, + w, ), then (22) can be rewritten as
x(t)'= cos[(m0 +w, )+ qp] = sin[(wo +W, N+ @+ %jl (23)

From the output signal x, () in (23), the SAGC scheme

performs as the amplifier. It magnifies the echo signal’s
amplitude to be a unit, but its phase is shifted by 90 degrees.

a0 ‘

z CW Acquisition
. HB 100 module l i

| ol SAGC |
| Preparation !

x, (1) i ™M
. Demodulation

Fig. 5. Block diugram of CW radar system based on new nstantaneous-
velocily measurement method
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B.  Instantaneous-velocity Measurement Method

After the signal preparation process, two FM demodulation
schemes, which are envelope detection and the F M
demodulation based on SAGC scheme, are applied in order to

extract the Doppler shift frequency (w,) . For the FM

demodulated by using envelope detection, the conversion of
FM signal to and AM signal by using the differentiation is
required before applying the envelope detection to determine
the Doppler shift frequency. In addition, using envelope
detection technique requires some conditions such as the
transmitting message must not be a negative value and the
time constant (RC) must be in between the period of the
carrier wave and the shortest period of an information signal

(Ji_ << RC << %} [12). On the other hand, the technique of
FM demodulation based on SAGC scheme is applied to
demodulate the signal in (15). By following the steps in
section IIC., then the output of FM demodulation based on
SAGC scheme is

(0 +@,) o L@

)’(f)=——2——= 3 T’ (24)

1V. EXPERIMENT AND RESULTS

In this section, the simulation results will be illustrated
where all the results are separated into two groups as
following.

A. Characteristic Results of SAGC Scheme

In Fig. 6(a), the result is obtained by applying 2kHz
sinusoidal input signal with peak amplitude of 2.5 xV . In this
case, the proposed SAGC performs as amplifier with 56 dB
gain in order to provide the unit output amplitude depicted in
Fig. 6(b). In Fig. 6(c) and 6(d), the spectrum plots confirm
that the frequencies of input and output signals are identical.
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Fig. 6. The unit amplitude characteristic of the SAGC's output
for a sinusoidal mput (2.5uV and 2kHz)
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In Fig. 7, the unit amplitude stabilization characteristic has
been verified. With the 10.5kHz carrier and the 350Hz
information signal, the frequency of the generated FM signal
depicted in Fig. 7 (a) is varied. In order to vary the amplitude
of FM signal, the differentiator is used as a tool to produce the
signal in Fig. 7 (b). The input signal in Fig. 7 (c) is generated
by multiplying the signal in Fig. 7 (b) with the exponential
function with its -500 damping factor. The variations [Fig. 7
()] of input amplitude and input frequency are obvious. The
obtained output [Fig. 7 (d)] shows that the SAGC scheme
produces unity amplitude output for overall gain control. The
spectrum [Fig. 7 (h)] also confirms that there is only the
magnitude difference from FM input spectrum [Fig. 7 (¢)].
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Fig. 7. The unit amplitude stabilization characteristic of
SAGC scheme's output for the amplitude and frequency variation input
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B.  Instantancous Velocity-Measurement Results

In this subsection, the experiment is set up by using the
HB-100 sensor to collect the echo signal. The IF signal output
is fed through the laptop’s soundcard port, and then is
recorded. After that, the recorded signals are processed by the
proposed algorithm using Matlab program

From Fig. 8, the top trace shows the echo signal from the
moving target, which is the hand movement. After that, the
LPF filter is applied in the signal preparation process in order
to eliminate the high frequency noise, which generates the
output in Fig. 8 (b). Amplifying the signal’s amplitude to be
one unit by using the SAGC scheme has to be concerned with
90-degree phase shift of the output depicted in Fig. 8 (c). The
signal’s amplitude the bottom trace shown in Fig. 8 (d) is
proportional to the Doppler frequency. To recover the
Doppler frequency from the SAGC scheme’s output depicted
in Fig. 8 (d), the FM demodulation based on envelope
detection and based on SAGC scheme will be applied.

These results are simulated by using the conventional CW
radar system. In Fig.9 (b), the echo signal is amplified from
the input signal (Fig.9 (a)) by the 100dB amplifier. After that
the zero crossing process is applied for obtaining the signal in
Fig. 9 (c). The zero crossing output is fed through the BPF to
retrieve the signal in Fig. 9 (d). Finally, the instantaneous
velocity is generated by using the envelope detection. In Fig.
9, this amplifier must have a very high gain so as to amplify
the small amplitude of the echo signal for the latter zero
crossing process. This can be implied that the corrupted noise
in the signal is also amplified. The wide bandwidth of BPF is
needed to extend the processing range of the radar system as
depicted in Fig. 9 (e).

In Fig. 10 (a), the returned CW signal generated from the
hand movement was recorded. LPF and SAGC are applied so
as to prepare the signal depicted in Fig. 10 (b) for FM
demodulation procedure. In Fig. 10 (c), the result shows the
demodulated output of the FM demodulation based on SAGC
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Fig. 8. The results of the proposed CW radar detecting method
with the hand movement
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scheme. The demodulated oulput depicted in the bottom trace
is the envelope of the signal depicted in Fig,. 10(e).

The comparison between Fig. 10 (e) and Fig. 9 (e) shows
that the processing range of the proposed scheme starts earlier
than the conventional technique, which depends on the
bandwidth of BPF. With the use of the BPF, the amplitude of
the signal is not constant, which may cause the processing
range reduction and error. The slower response of the
conventional CW radar system also occurs because of the
delay from using the BPF. Additionally, the BPF which has a
flat wide band is quite difficult to create in practical.
Therefore, the proposed system has less complication and
performs with the wider processing range and faster response.

In Fig. 11 and 12, the pattern arrangement of the proposed
radar system’s results is the same as shown in Fig. 8. This
experiment using the proposed technique is to obtain the
velocity from the received signal of the moving car with the
speed of Skm/h and 40kmvh, respectively. The top traces
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Fig. 9. The results of the conventional CW radar detecting method with the
hand movement
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the echo signals collected by HB100 module with the
sampling rate of 8 kHz. The second and the third traces of
both figures, the high noise frequency elimination process and
the signal amplification by using SAGC  scheme are
performed in order to ready the echo signals. The bottom
traces from both figures present the velocities demodulated by
FM demodulation based SAGC scheme from the echo signals
with the speed of Skm/h and 40kmvh, respectively.

From the experimental results shown in Fig. 13, the graph
plotted the relationship between the velocity and the average
output amplitude has the positive slope. It implies that
moving-car velocities is directly proportional to the average
output amplitude. After that the relationship between the
average output amplitude and the input’s frequency of the
pure sinusoidal signal is simulated in order to test this FM
demodulation system. Then, the matching process between
the velocity of the moving car and the frequency is performed
by comparing the average output amplitude of the FM
demodulation based SAGC scheme.
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Fig. 11. The results of the proposed CW radar detecting method
using 5 knvh moving-car signal
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Fig. 12. The results of the proposed CW radar detecting method
using 40 kmvh moving-car signal
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By linking average output amplitude from both
experiments, the relationship between the moving car velocity
and the echo signal’s Doppler frequency is plotted in the
directly proportional manner as depicted in Fig. 14.

V. CONCLUSIONS

When the average velocity measurement is required in the
CW radar system, normally the Doppler shift frequency with
the specific time range has to be recorded and converted to
average velocity of the moving target. Based on this
technique, the instantaneous velocity and acceleration cannot
be measured. With a very simple CW radar system, the new
instantaneous velocity-measurement method s proposed in
order to obtain'these measurements. By using HB100 module,
the Doppler shift frequency collected from echo signal is

recorded.  For the signal preparation procedure, the high
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Fig. 13. The relationship between the moving-car velocity and the average
output amplitude of FM demodulation based on SAGC scheme
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frequency noise can be eliminated by LPF, but amplitude
attenuation may be inevitable. This problem can be solved by
using the sinusoidal automatic gain control scheme [11]
where very small amplitude is amplified to be one unit. Based
on the FM demodulation based SAGC scheme [I1]. the
Doppler shift frequency signal is continuously converted to
the velocity values. It implies that the distance, which is
between the moving target and the sensor, the velocity and the
acceleration can also be calculated. By comparing with the
conventional technique (using envelope detection), it has
more complication than the proposed scheme. In addition, it
requires high gain amplifier and wide bandwidth BPF.
Moreover, the amplified noise occurred in the traditional
technique can cause the decreased quality of the system'’s
output. On the contrary, the proposed velocity measurement
technique uses LPF to eliminate the high frequency noise, so
the total noise in the system is less than the conventional
scheme.
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Abstract

In this paper, the new absolute phase detection scheme (APDS) is presented. With a simple

mathematical analysis, the proposed APDS algorithm is capable of accurately detecting the absolute phase
without using reference phase like other conventional techniques. The other massive benefit of using the
proposed APDS scheme is its range-expansion flexibility for each application depending on the selected
traditional PD. Based on the proposed APDS, BPSK and QPSK demodulated simulations, accurately
recovering 16-bit-information data, are implemented with the blind carrier recovery methods. Also, the analog
multiplier PD was selected in order to verily the proposed QPSK demodulator under the AWGN channel. It is
found that the output phase is irrelevantly disturbed by additive white Gaussian moise. For the QPSK-
demodulated PSPICE simulation, the proposed technique is more compatible with the frame processing
manner rather than the real time processing. From both PSPICE and Matlab simulations for BPSK and QPSK

demodulation the proposed APDS scheme provides convenience,

comparison to other traditional techniques.

advantages, and acceptable results in

Keywords: carrier recovery, mono-stable multi-vibrator, phase detection, quadrature phase shift keying, synchronizer

1. Introduction

Phase constant [1] of the oscillating signals has two
different meanings. One called phase offset or phase
difference is the initial angle of a sinusoidal function at
its origin (see (1)). The other meaning is the position on
the wave cycle that has elapsed relative to the origin. In
the context of communication waveforms, the time-

variant angle (2 [r+ ) is referred to as instantaneous
phase of x(1).
x(t)=Acos(2 fr+ )= A4l 1) (1)

where A4, f and 6 are amplitude, local frequency and

the phase of sinusoidal function, respectively. In the
case of infinite sinusoids, the phase shift is considered
as a time delay of the signal. Phase has been widely
used in the communication industry especially in the
modulation system. Two important types of phase
measurements are an absolute phase and relative phase
measurements.

The absolute phase [2-3] is the actual phase of the
vibration waveform at the frequency of interest, which
is measured with respect to the standard time such as
Coordinated Universal Time (UTC). Also, absolute

Journal of Signal Processing, Vol. 20, No. 6, November 2016

phase can be defined as zero degree corresponding to
the positive maximum of a cosine wave coincident with
the on-time reference. Whenever measurements of any
sort are made with reference to a consistent external
standard, it becomes possible to compare measurements,
which is therefore called the relative phase. These .
measurements are made at different times and places,
and are known with certainty how they compare, Many
researches have presented the methods to measure the
absolute phase such as “Remote absolute phase
measurement in a buried cable system [4]", “Precise
measurement of power system frequency and absolute
phase based on GPS [5]” and “Absolute phase in power
system applications [6]”. Not only do these researches
have their own specific ways to measure the absolute
phases, but these measurements can also be used to
calculate the relative phases as well. For the relative
phase. it is the difference between the absolute phases of
two vibration waveforms [7]. It is necessary that both
signals must be of the same frequency and vibration
units i.e. if one signal is generated at the frequency of
/. and the other at 2, the relative phase cannot be
measured. The usage of the relative phase has been

expanded to many fields such as “Target detection on
the ocean with the relative phase of compact
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polarimetry  SAR [8]". “The method of signal
processing of relative phase modulation [9] and
“MIMO system with relative phase difference time-shifi
modulation in Rician fading environments L1077

Also. many relative phase detection techniques [11]
have been implemented in different purposes such as the
analogue multiplier PD, the exclusive OR gate PD, and
the mono-stable multi-vibrator and RS flip-flop. For the
analogue multiplier PD, which has a narrow phase
detection range (0° - 180°), the phase reference [rom the
transmitter is required to be onc of the multiplier inputs.
The limitations of the exclusive OR gate PD are that the
reference signal requirement, the type of both inpul-
signal needs to be only square waves, and the phase
detection range (0° - 180°) is narrow. In order to expand
the phase detection to full range of 360°. the
combination of the mono-stable multi-vibrator and RS
flip-flop are obtained, but the requirement of a reference
signal still exists. According to these limitations of these
traditional phase detectors, a new  absolute phase
detection scheme (APDS) without the prior reference
phase requirement so as (o achieve all of the existing
limitations is presented in this article. Not only does the
proposcd APDS not require the reference phase, but it
also provides the flexibility for phase-detection-range
expansion due to the ability of the proposed APDS in
order to switch the sub-PD to suit each application.

In digital modulation, phase shift keying (PSK) has
been used in order 1o transfer the information data to the
receiver [12-14]. Phase shifi keying is a massive class of
digital modulation scheme such as the coherent binary
phase shift keying (BPSK), the differential binary phase
shift keying (DBPSK), and the quadrature phase shift
keying (QPSK). Among all MPSK schemes, QPSK s
the most popular modulation becausc it does not suffer
from BER degradation [15] while the bandwidth
efficiency is increased. With the phase  detection
property of the proposed APDS, it can be applied as
BPSK and QPSK demodulation. The contributions of
the proposed APDS for a new BPSK and QPSK
demodulations will also be presented in this paper.

This article is organized as follows: the conventional
phase detections, the proposed phase detection
algorithm without using reference phase. and the non-
ideal effects of the APSD’s components are mentioned
in section 2. In section 3 and 4, the proposed BPSK and
QPSK demodulation schemes with the blind carrier
recovery method will be respectively discussed in detail,
Section 5 illustrates the results of Matlab and PSPICE
computer simulations. Finally, the conclusion is
provided in section 6.

2. Phase Detections

2.1 Conventional phase detections

A phase detector [11] is the circuit. which compares
and detects the phase ditterence from input signal and
the reference  signal generated by wusing the prior
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reference phase information. From Fig.|, #,(1) is the
phase difference between input phase @(1) and ¢ (1) .
k, and v, (1) are the constant and the output of the

phase detector, respectively.

2.2 An analogue multiplier PD

From Fig. 2, an analogue multiplier phase detector
[1'1] is the circuit detecting the phase difference from
sinusoidal signal input x (/) and the reference sinusoid
., (1) generated by using the prior reference phase

information. The phase detection range of this PD is
limited from 0° - 180°,

2.3 Exclusive OR gate PD

This circuit is used to detect the phase difference
from a square wave input and the reference square wave.
With the property of Ex-OR gate [11], the frequency of
the output is twice the amount of the reference
frequency. The characteristic of phase detection range is

the slope (k) plotted between average output

amplitude value and phase difference value. From Fig.3;
the maximum output amplitude occurs at the 180° phase
difference implying that the phase detection range of
Ex-OR gate can be only from 0° to 180°,

2.4 Mono-stable multi-vibrator and RS flip-flop

This RS flip-flop phase detector [11] depicted in Fig.
4 consists of two parts, which are the mono-stable
multi-vibrator and the RS flip-flop. With the property of
RS flip-flop. the frequencies of both input and output
signals are the same.

P (1) v,()=k,@,)

o= —*

é,(1)

#,(1)

Fig. I The block diagram of the phase detection

x (1)

X

X (1)

] '\.n (,)
LPF —m—
S|

Fig. 2 The block diagram of the analogue multiplicr
phase detector
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Fig. 3 The relationship between average output
amplitude value and phase difference value
produced by Ex-OR gate
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Fig. 4 The block diagram of RS flip-flop phase
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V1
u!’
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Fig. 5 The relationship between average output
amplitude value and phase difference value
produced by the RS flip-flop PD

The characteristic of phase detection range is the
slope plotted between average output amplitude value
and phase difference value. From Fig. 5, the maximum
output amplitude occurs at the 360° phase difference,
which implies that the phase difference range of RS-
flip-tlop phase detector can be from 0° to 360°.

2.5 The proposed phase detection algorithm
without using reference phase

From Fig. 6, let x(t) be the sinusoidal input, which
is
x(t) = Acos(ewyt +6) (2)
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where 4. @, and ¢ are amplitude. angle frequency
and the phase of the input signal respectively. By
squaring (2), it yields

“ * cos? 2 1 20,1 + 26
X =4 cos‘(wur+e>=’"[ﬂ;?’—+)] 3)
Eliminating the DC constant from (3) results in
iy =21 BB 2D "

3
By using a divide-by-2 [requency divider, (4) can be
rewritten as (5)
A? cos(ay,t +20)
e (5)
2
Equation (5) is the regenerated reference signal
without using the prior reference requirement. In order
to detect the absolute phase of the input x(¢) , one of the

z(t) =

conventional phase  detectors  called  the analogue
multiplier PD is sclected. By multiplying (5) with x(r),
it yields
AJ
x(t)-z(n) = Tcos(wur +8)cos(ay +26)
(6)

_ A cos(2wm,t +30) + A cos(())

4
By using LPF. the low frequency component is obtained,
which is

(7)

From (7), the phase of the input signal can be
retrieved without the prior reference phase requirement.
However, the limitation of the proposed APDS is that
the phase detection range should be between 0° and
180°, otherwise the detected absolute phase might be
duplicated. It should be noted that the proposed APDS
has only four steps in order to detect the absolute phase,
which arc squaring the input signal, DC offsct
climination, divide-by-2 frequency division and phase
detection.

. A’cos(0)
x, (1) = R

2.6 The non-ideal effects of the APDS’s
components

In this section, the discussion about the non-ideal
effects of the proposed scheme’s components such as
the squaring part, the DC eliminator and the frequency
divider is also considered. The component that might
affect to the proposed scheme the most is the squaring
part. Hence, the analog four—quadrant multiplier
depicted in [16] will be selected to discuss in detail
about its static crror for the proposed principle.

Generally, an  analog  four-quadrant muluplier
produces an output which is proportional 1o the product
of two independent bipolar inputs. In this paper, let the
two inputs of this multiplicr be the same, which are

V.=V, =Acos(ax +6)+ X, A=Y (8

oy o
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Fig. 6 The block diagram of the proposed phase
detection scheme
The ideal

where X, and Y,

multiplier’s output is

are input offset.

Vv, ’
E,=KVV, ==L =K(dcosr +6)+ X, ) (9)

r

The proportionality constant K ="' is usually
fixed at 0.7, |E|<¥, and 0<|¥, ¥ |<V, . The
output of a practical multiplier will differ from the
theoretical product of its inputs by an unpredictable
amount, &(V,,V, ), as detined in this equation

E,=KVV, &V, V) (10)

There are four primary sources of static error in an

analog multiplier which are the input offsets (X, .Y, ).

the output offset (Z, ). the scale factor AK and
nonlinearity /(X,Y) shown as follows
E,=KVV +AKV. V. +(K +AK)
; 5 = (1)
A4V, X, + (XY, )+(2.)+ /(X))

For the nonlinearity, the unbalance current or offset-
voltage mismatch between the two differential pairs,
QIA-B and Q3A-B is the primary source of the
nonlinearity [16]. This error is generally irreducible;
however, in this certain case, a large percentage of it can
be  eliminated. The 4-quadrant variable-
transconductance multiplier circuit has predominantly
second-order nonlinearity, so (11) can be rewritten as

E,=KVV +AKVV +(K+AK)

<{P.y, +V X, +(X Y, )+(Z.)+6Vifw, )|

(12)
where § is the constant factor to the nonlinear term. If
the nonlinear term is independent of (or not strongly
influenced by) ¥, then the nonlinearity term can be

written as &V .

E,=KVV +AKVV +(K +AK)

il , )

AT+ X+ (XL )4(2, )+ o0
The effects of these first three errors can be reduced

to zero by precise adjustment of the scale factor to

cancel the 3 error and by introducing equal and
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opposite  offsets for cancelling the 1%, 2% errors.
Assuming that AK =0, (13) is rewritten as
)+(Z,)+ov: F14)

ax oy

L VX, +V. X, +(XY,
K
Substituting ¥,V in (14) by (8), then it results as
E, ) .2
e {(Aws.(a)r+9)+.lm)

+2(Acos(@ +0)+ X,) X, +(X, )} (15)

+(Z£, )+or;
By rearranging and rewriting (15), it then becomes
L (Acos(ar +8)+2X )2 +(Z,)
K (16)
+&(Acos(@t+6)+ X, )’
By precisely introducing the equal and opposite offsets
to this multiplier, it can then be assumed that Z, =0

and X =0.

L= K(1+8)( Acos(er + H}): (17
After eliminating the DC component, the result is
y(r) = /{(l+c§')%[c0s(2nx+26')+&£] (18)

where A¢ is the error constant from the DC elimination.
By using a divide-by-2 frequency divider, (18) can be
rewritten as

2

) =K(I +(>')i2-[cos{(m+ Aw)t + 2(2}+Ae] (19)

where Aw is the error frequency caused by the divide-
by-2 frequency divider. By using the traditional analog
multiplier phase detector, multiplying (19) by (8) thus
yields

2
2(1)-¥, =K(I +¢)‘)iz—[cos {(w+Aw)r+20)
+Az] Acos(ar + 6)
3
=K(l +§)%[cos{(2w +Aw)! +3()}

+cos(Awrt +0) + Ag cos(wt +6)|
(20)
By using LPF, the output of the proposed phase detector
is

.r_,(r)=K(I+o‘)%cos(mur+8) (21)

In the case of Aw=0, the output in (21) is of a
cosine function with the low frequency Aw , so it
implies that the output amplitude will slowly swing
along the x axis, which causes the incorrect
demodulated information signal. Therefore, the divide-
by-2 frequency divider must correctly regenerate the
signal with the frequency of w,, = Y@, to aid the
accurate demodulation scheme. In the case of Aw=0.
the relationship between the ideal output x (1) in (7) of
the proposed APDS and (21) is as follows
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X () =K(1+8)x,(1) (22)

From (22), the ideal output in (7) is scaled by a
constant factor of K(I+8), which implies that the
nonlinearity of the four-quadrant multiplier does not

have any major effect on the proposed APDS and the
impact of DC elimination is eliminated by the LPF.

3. The Proposed BPSK Demodulation
Scheme with a Blind Carrier
Recovery Method

3.1 Principle of BPSK transceiver

For the BPSK modulation scheme, binary data are
represented by two signals with two different phases,
which typically are 0 and x. These signals, which have
the same frequency and cnergy, are

X, (1) = Acos(w,1), for | (23)

(1) =—Acos(wt), for 0 (24)
where 4 and @, are amplitude and angle frequency of
the BPSK signal. The BPSK waveform whose phases
are generally not continuous at the bit boundaries has a
constant envelope and frequency. Unlike the simple
conventional  BPSK  modulator. the coherent BPSK
demodulator must generate the reference signal [16-18],
which is synchronous to the received signal in
frequency and phase in order to correctly demodulate
the transmitted signal from the transmitter. For PSK
signals, there is no spectral line at its carrier frequency,
so there are two main types of carricr synchronizers, the
M" power loop. and the Costas loop [19]. The first
method s the M™ power device depicted in Fig. 7,
producing z(¢) , which has the spectral line at M/ . For
BPSK. M =2, thus it is a squaring loop. For QPSK,
M =4 soitis quadrupling loop. The phase locked loop
has been used as a tool to track and lock onto the
frequency and phase of the Mf. component. The divide-
by- M device divides this component’s frequency in
order to gencrate the desired carricr at i

M) . peF |

mo2(t) <
T X — v

| I_

w(t) VCOo

' Divide-by-M !
Frequency
Divider

L P

3 1
[_.v(r)
Fig. 7 The M" power synchronizer block diagram for
carrier recovery
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From Fig. 7, let x{(r) be the MPSK signal input of

the M" power synchronizer, which is

(1) =cos(a f1+86) (25)
where f and @ are local frequency and phase of
received MPSK signal respectively. After filtering by
band-pass filter. the input has been fed to the A7™ power
loop. it yiclds

(1) = cos(2aMf t + M @) (26)
By feeding (26) as an input of the phasc locked loop. the
local carrier is generated as

w(t) =sin(2zMf 1 + M) (27)

where 6 is phase of VCO output signal. Then dividing
the component’s frequency of (27) by divide-by-
M device and shifting the signal phase by 90 degrees,
the recovered local carrier results as
y)=cos2x i1 + 0) (28)
However, the difficulty in the circuit implementation
of the M" power synchronizer is the Af” power
device, especially at the high frequencies. Therefore, the
BPSK carrier recovery design of Costas loop [20-21)
depicted in Fig. 8 can avoid this problem. Still, the
complexity in - Costas loop implementation is to
maintain the balance between the |- and Q- channel.
The two multipliers and low-pass filters in these two
channels must be perfectly matched in order to achieve
the theoretica) performance. Moreover, its VCO has to
generate a local carrier with a frequency close to the
transmitted carrier frequency and some initial phasc.

3.2 The proposed BPSK demodulation
scheme

From Fig. 9, let x,,., (r) be the BPSK signal input,
which is

Vynsx (1) = Acos(ayt + @) (29)

where 4, @, and ¢, are amplitude, angle frequency

and phase of the BPSK signal input respectively. In

order to detect the phase of the BPSK input x,,... ().

the analogue multiplier PD is used by following the
steps from (3)-(6), it yields

A’ cos(g, )

30
2 (30)

Yoara(1) =

To data detector

I———'X—b LPF —

| |

(1) !
—— *——— vCO —— LPF o ’\,(
= = — s
Lorsd |
K —s LPF J

Fig. 8 The Costas loop for carrier recover for BPSK
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|
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;J‘g_,,-_l(f) !
Fig. 9 The block diagram of proposed BPSK
demodulation scheme

The proposed APDS can be used as a BPSK
demodulation scheme because it can simply recover the
transmitted BPSK  signal phase, which is the
information data sent by the transmitter. Based on the
proposed APDS. the proposed BPSK demodulation
scheme with non-data aided carrier recovery method
can avoid the synchronous problems of M" power loup,
and the Costas loop.

4. The Proposed BPSK and QPSK
Demodulation Schemes

4.1 Principle of QPSK transceiver

From Fig. 10, the quadrature phase shift keying
(QPSK) is a digital modulation scheme which the phase
¢, of the modulated signal is shified to the

corresponding phase related with one of four possible
two-bit input data. For example, the 4 phases are -135°,
-45°, +45° or +135° for 00, 0], 10, and 11 input data,
respectively,

According to this discussion, a generalized form of

QPSK 1s modeled as follows:

Porsk (1) = A cos(w .t +¢,) (31)

where ¢, =(2n+l)-%. for n=0,1,2.3. A and @, are

the amplitude and frequency of the QPSK signal. By
rewriting (31) in the quadrature form. it then yields

Porsk (1) = A [cos(g, )cos(cw 1) =sin(g,)sin(w )] (32)

From the equation (32), the QPSK signal can be
generated by using two carricrs. which are in-phase
cos(@,/) and quadrature =sin(@.1) . The quadrature
carrier —sin(a.r) is simply obtained by using 90°-phase
shifter whose input is the in-phase cos(w.r) . At the
receiver, the QPSK coherent demodulator depicted in
Fig. 10 (b) must be provided in order 10 detect the
binary strcam back, Besides the local carrier must be
regenerated, the 90°-phase shifter is also employed 1o
generate the quadrature carrier.
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In-phase (1)
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Serial to {\J ; P (1)
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—  parallel
i Converter e
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N, | TR
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Parsa, () Q\J/ Sermal 10 Bil stream
— | parallel]  —
4 Converter
. Phase
shiller

1
I —1 Ler —J
Ly | i
Quadrature (Q)
(b)
Fig. 10 The block diagram of QPSK transmitter (a) and
receiver (b)

In order to generate the synchronous carrier at the
QPSK receiver, the Costas loop and 4™ power loop can
be used. The working principle of QPSK Costas loop
block diagram depicted in Fig. 11 is similar to BPSK
Costas loop. The limiters are bipolar, which are used 1o
control the amplitude of the two channels’ signal to
maintain balance. Besides the existence of a multiplier
and LPF matching conditions, the QPSK Costas loop is
quite a complicated technique in comparison to the
proposed QPSK demodulation scheme.

|
- Limiter
1(1) To detector

B ipF

N
+
L—— VCo |
il | .
—
K~ LPF =H
‘ | (1) To detector
Linuter

_—

r‘—’
|
[
Por (”_
—

Fig. 11 Costas loop for carrier recovery for QPSK
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4.2 The proposed QPSK demodulation
scheme

From Fig. 12, let g, (1) be the input applied into
the proposed phase detection scheme and x_(r) be the
output.

Papsk (1) = Acos(a,.t +¢,) (33)
where 4, @, and @, are the amplitude, the angle
frequency and the phase of QPSK signal respectively.
By following the steps from (3) to (4), it yields
A’ cos(2w, 1 +2¢,)

2
By using a divide-by-2 frequency divider, (34) can be
rewritten as (35)

NOE (34)

A’ cos(awt+2¢,)
2
Equation (35) can perform as the recovered carrier
for the QPSK demodulator with blind carrier recovery
method. In the case that the analogue multiplier PD is
used by multiplying (35) with Gopsx (1) 1t yields
Gopsy (1) - 2(1) = %acos(m_f-i—{t,, Yeos(w 1 +2¢,)

(1) = (35)

S (36)
_ A’ cos(2a,t +3¢,)+ A’ cos(g,)

4

By using LPF, the low frequency component is obtained

A’ cos(g,)

x(0)= (37)

Equation (37) has a limitation on the QPSK signal
whose phase is normally shifted by the angle of -135°,
-45°, +45° or +135°, but it can detect the signal phase
only between 0° and 180°. In the case of the different
phase is greater than 180°, ambiguity in the output is
exist. Hence, instead of using the multiplication circuit
and the LPF, another phase detector consisting of the
comparator, mono-stable multi-vibrator, and RS flip-
flop, is depicted in Fig. 4 is employed in this work for
the purpose of phase detection. The signals in (33) and
(35) is converted to the square waves by using the com-

i . ———
Porsx 0 ( )2 | DC constant
= } climinator

! — Divide-by-2
[companator =———-  freguency

z(t) | divider

comparalor

v r

|

Momstable | Mounostable = |
\1"I|u-|hr.|mrl Multivibeaior | Phase

T : ’ detecton

4 L & ot

i ; R;;-i'lip |
i | J
. flop
—
)
T T T T T
v

Fig. 12 The block diagram of the proposed QPSK
demodulation scheme
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parator, then these two square waves are fed to be inputs
of mono-stable multi-vibrator and RS flip-flip in order
to detect phase differences. With the phase detection
range (0° - 360°) of the RS flip-flop PD, the proposed
QPSK demodulation scheme can simply recover the
information data. In comparison to the QPSK Costas
loop, the compact QPSK demodulation scheme with the
blind carrier recovery method can avoid the multiplier
and LPF matching conditions.

4.3 The proposed QPSK demodulation
scheme under the bandpass noise
condition

In the section 4.2, the simulation was performed
under noise free conditions, so it is imperative for the
proposed scheme to be discussed and tested under the
AWGN channel. From the block diagram of the QPSK-
modulated system depicted in Fig. 13, the QPSK signal
can be written as

Borsx = Acos[@.t +y(1)] (38)
where (1) =k,m(r) is the signal phase, m(r) and &,
are the information signal and the constant, respectively.
The channel noise n(r) at the demodulator input is a
bandpass noise with the PSD §(w) and
bandwidth 2(Af + B).

The noise n(f) can be expressed in the term of
quadrature components [23] as
a(t) = n (t)cos(@w ) +n (t)sin(e,t) (39)
where n.(1) and n (1) are low-pass signals of
bandwidth Af +B8 . This bandpass noise can be
expressed in terms of amplitude E, (1) and phase &, (1)
as given in Fig. 14.
n(t)=E,(t)cos [ +6,(1)] (40)
For wide-band modulation, the signal m(r) changes
very slowly relative to noise n(t) . The modulating
signal bandwidth is 8, and the noise bandwidth is
2(af+B) , Af0 B . Hence, the phase and the
frequency variations of the modulated carrier are much
slower than the variation of n(t) . In order to analyze the

phase deviation caused by the noise at the output of the
proposed system, the phasor diagram of the signal is
constructed as given in Fig. 15.

n(r)

m(t) s ¢Q;sx(r)J_ x,(1) — x,()
QPSK /o ! Bandpass Proposed &
[T‘mm“m | {?,) | filwr !dcnn-d\dau-
Transminer Channel Receiver
Fig. 13 QPSK modulation system
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4 n(r)

Fig. 14 The phasor representation of a sinusoid and
a narrow-band Gaussian bandpass noise

The QPSK signal disturbed by the AWGN x () has

been fed as an input of the proposed QPSK
demodulation scheme.

x,(1) = Acos[@t +y(0)]+n(t)

=Acos[wc:+w(r)]+E,(t)cos[wcr+9,,(r)] (41)
= R(t)cos[w 1 +w () + Ay (1)]
where

ﬁ'u)=[{A+E,,u)cos[é*,,(:)--r.u(f)]}2

| (42)
+{£-,‘“(r)sin[6l.(t)—W(l')]}zjl2

L[ E@sin[g,0) -v@)

Bip(f)y==ta '[Aa,é“::)cgs[e,)(ngiw(]f)]] o

Applying (41) as an input of the proposed QPSK system,

the output of the squaring is
X (1) = R (1) cos® [wt +w (1) + Ay (r)]
2
= R—Z(L)[cos(zrq_: +29(0) +2Ay(1)) +1]

After that the DC constant is removed, (44) can be
rewritten as

RZ
()= ;l)cos(ZwL.l+2y/(:)+2Aw(.r)) (45)
By using the divide-by-2 frequency divider, the
regenerated signal is expressed as
z(t) = R )cos(curr +2p (1) + 2Ap(1)) (46)

In order to recover the signal’s phase and to less
complex for the analysis, the conventional multiplier
phase detector is applied, thus it yields

RY(0)

z(1)-x.(1) = 5 ~cos[a, 1 + 2y (1) + 28p(1)]
><c05[m{t+t;r(r)+Au/(r)]
RJ(I) 47)
ks {cos[2a,1+3y (1) + 3Ayw(1)]
+cos[y(n) + Ay ()]}
By using LPF, then it results as
50 =T easfy 0+ ap0) (48)
For the small noise case, where E (1) A and

Ay ()l % for all +, we can then assume that
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E (D)sin[6,(r) ~w(1))

it

8.0
v

"N E.incos[8,()-win)]

‘\ o.(1)+6,(1)

Relerence

o (n)+w(d)

Fig. 15 The phasor representation of signals in
an angle-modulated system

R(1)0 A and Aw(.')L qm[a (1) -w(1)]. and (48)
can be rewritten as

x =20

{ (N+== ( ——sin[6,(1) - w(r)]} (49)

Note that the noise term Aw(r) is a function of sine,
whose range is between [-1,1], multiplied by the factor

¢ £.()

. With the condition of E ()0 A4, it also

E (¢ ;
causes the value of # to be less than a unit.

Therefore, the noise term has minor impact towards the
recovered information term.

5. Simulation Results

5.1 Results of the proposed phase detection
algorithm

In the simulation, the characteristic results of the
proposed absolute phase detector scheme without using
the reference phase will be demonstrated. First, as
depicted in Fig.16, the sinusoidal input given in Fig. 16
(a) is squaring to double the frequency and phase. Next,
the DC offset in the squared signal is eliminated and
then a divide-by-2 frequency divider is used in order to
decrease half of the signal frequency, thus the output
yields in Fig. 16 (b). After that the traditional analogue
multiplier phase detection scheme, which is the
combination of the multiplier and the LPF, detects the
different phase from both input and reference signals
(see Fig. 16 (d)). Therefore, the novel phase absolute
detection scheme does not need any information about
the reference phase in order to retrieve the signal phase.
However, it should be concerned that the phase
detection range of the proposed algorithm depends on
the conventional PD used.

From (7), the proposed APDS’s output is
represented in the cosine function which means that the
cosine function value is not duplicative in the range of
0° - 180°. In Fig. 17, the average output amplitude and
(0 -27) phase difference relationship of the proposed
APDS shows that its phase detection range is from 0° to
180° depending on the analogue multiplier PD used.
The approximate slope in the range of (0 - 7) X-axis
can be calculated to -2.14. The negative slope indicates
that the greater the phase differences are, the less the
average output amplitudes becomes.
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In order to expand the PD detection range, the Ex-
OR PD is employed. The output of the proposed APDS
is depicted in Fig. 18 (b) which is generated from the

input sinusoid with the % delay phase shown in Fig.

18(a). Both sinusoids are converted to be two square
waves depicted in Fig. 18 (c) and (d) by using the
comparators. In Fig. 18 (e), the phase differences from
both square signals are produced by Ex-OR gate phase
detector.

With the same procedures in the previous simulation
illustrated in Fig. 18, the phase difference (from both
square signals regenerated by using the comparators)
depicted in Fig. 19 (e) are produced by Ex-OR gate
phase detector. From both figures, the different phase
value is directly proportional to input's delay phase.

PIA.-PHASE-SHIFTED SINE SIGNAL X(1)

(a)
OUTPUT OF THE FREQUENCY DIVIDER Z{1

T \ J RN [V Y Ty
£ ] i i ﬂ '
M A
S
o 1000 2000 000 4000 3000 000 000 8000
(U]
; T?EI‘RTWl:IC‘ﬂO"SIGNALBWW?'ﬂIJMD*{! . d
; f ! AAMMAAAAMMAA AR
F e e 8000
. RICOVERLD OUTPUT f::’ﬂrﬂlﬁ"‘,m
lfﬁu‘f 200 %60 4000 o0 w0
w SAMPLES

Fig. 16 The result of the proposed phase detection
algorithm without using the reference phase
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Fig. 17 The average output amplitude and phase

difference relationship of the proposed APDS
with the analogue multiplier PD
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Fig. 18 The result of absolute phase detection scheme
with the Ex-OR gate by using the sinusoidal

with the % delay phase as an input
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Fig. 19 The result of absolute phase detection scheme
with the Ex-OR gate by using the sinusoidal

with the % delay phase as an input

In Fig. 20, the characteristic of phase detection range
is the slope (k,) plotted between average output
amplitude value and phase difference value. From Fig.
20, the maximum output amplitude occurs at the 180°
phase difference implying that the phase detection range
of Ex-OR phase detector is between 0° and 180°.

5.2 Results of the proposed BPSK
demodulation scheme

The BPSK signal depicted in Fig. 21 (b) is generated
by using the 16-bit data [00 1110011001 1001)
depicted Fig. 21 (a). By using the same steps with the
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traditional PD as in the first simulation, Fig. 21 (c¢) and DATA BITS « 16 BITS

(d) represent the outputs of the divide-by-2 frequency ugm [ g 11 =

divider and multiplier respectively. 0 T @n @m w0 o0 e e e
Finally, the information data illustrated in Fig. 21 (e) owmormmm:juaxcqpsumnumpm

is recovered by using the LPF. It should be noted that 0s M“ [||f’* "lll] TV i

this simulation creates the BPSK demodulation scheme omn -m B

with a blind carrier recovery method based on the
proposed PD scheme without using the reference phase
and provides the accurately recovered 16-bit data.

Ilom.ll.l OUTPUT OF IST COMPARATO!

5.3 Results of the proposed QPSK
demodulation scheme g nm o e

MO
The QPSK signal is generated by using the 16-bit oD
4000

data[0 100111000101 100)depicted Fig. 22 (a). o 2000 T e m w W0 wowjem
To accurately detect the phase difference [Fig. 22 (f)]
from these square-wave outputs of the comparators,
instead of using the conventional PD, the PD which is
the combination of the mono-stable multi-vibrator and
the RS flip-flop, has been used because the range of this
new combination PD is from 0° and 360°.
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Fig. 22 The results of using the proposed phase
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After that, the four pulse-width sizes of the RS flip-
flop output depicted in Fig. 22 (f) is the input of the
matching procedure in order to regenerate the 16-bit
data.

5.4 Results of the proposed QPSK
demodulation scheme in the AWGN

Fig. 21 The rgsults of Lfsing lh_c proposed phase channel
detection algorithm without using the reference ) ) . .
phase as a BPSK demodulation A test simulation depicted in Fig. 23 was constructed

followed by the QPSK demodulation scheme as in Fig.
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12 and was investigated for the performance of the
proposed QPSK demodulation scheme in additive white
Gaussian noise (AWGN) channel.

The inputs consisting of QPSK signals and Gaussian
noise are fed to the proposed QPSK  demodulation
scheme. The evaluation of the proposed QPSK
receiver’s performance includes the noise power levels
of -30 dB, -28 dB and -25 dB illustrated in Fig. 23 (b),
24 (b) and 25 (b) respectively. For all simulation results,
the top traces show the different 30-bit original data and
the second traces show the AWGN signal with the
power of -30 dB, -28 dB and -30 dB, respectively. In the
third traces, the three inputs including QPSK signals
with these noise powers were fed through the proposed
QPSK demodulator in order to retrieve the original data
bits. All bottom traces are the regenerated data bit
plotted to compare with the original ones.

5.5 Results of the proposed QPSK
demodulation scheme by using PSPICE
simulation

In this section, this research presents the
fundamental circuit simulation depicted in Fig. 26 by
using the PSPICE simulation, According to the section
2.6 and 4.3, the discussion about the impact of the
proposed system’s components and the impact of the
AWGN in real time processing are provided,
respectively.

Therefore, all simulation results in this section
provide the essential knowhow to implement the actual
circuit. These results are separated into three parts. In
Fig. 27 and Fig. 28, the relationship between XOR’s
output and the input phase, which agrees well with the
result in Fig. 20, is confirmed.
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Fig. 24 The proposed QPSK demodulator’s simulation
result according to the QPSK signal input
disturbed by -28 dB noise power
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Fig. 25 The proposed QPSK demodulator’s simulation
result according to the QPSK signal nput
disturbed by -25 dB noise power
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Fig. 27 The PSPICE simulation result by applying
sin(er) input to the proposed APDS circuit
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Then the proposed BPSK-demodulated result, which
is constructed by the same circuit in the previous
simulation with 40 kHz-carrier BPSK input is given in
Fig. 29. The result shows the 2-square-wave outputs
depicted in the top trace (XOR) with the 2-different-size
pulse widths distinguished by the data bit’s transition.
Therefore, LPF and the matching process can be used
for regenerating the data bits.

For real tme processing of QPSK simulation
depicted in Fig. 30, the false detected phases exist at
every phase transition of the QPSK input signal. In this
simulation, the multiplier, the DC eliminator, and the
frequency divider work perfectly as illustrated by the
signals in the Fig. 30. At the selected phase detection
(mono-stable multi-vibrator and RS flip-flop) block in
Fig. 12, both impulse trains in the top trace are
generated correctly by the mono-stable multi-vibrator
circuits. But it is found that the incorrect pulse width of
square waves generated by the RS flip flop occurred
around the phase transition periods of the QPSK signal.
Hence, the proposed scheme is incompatible with the
real time processing for phase detection. But it works
perfectly fine in the case of frame processing as
depicted in Fig. 22, 23, 24 and 25.

e i i S o S e
1 —e 1
1 i e S —

—

r N T

miitii 1l i
T
AT N N A
~ 470 \
N AL
J

- e . o e . R
R L T LT

Fig. 28 The PSPICE simulation result by applying
sin{@r + ) input to the proposed APDS
circuit
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Fig. 29 The PSPICE simulation result by applying
BPSK signal to the proposed APDS circuit
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Fig. 30 The PSPICE simulation result by applying
QPSK signal generated by the data bits
(00011011) to the proposed APDS circuit

6. Conclusions

With simple mathematical analysis, a novel absolute
phase detection scheme is presented. Due to the variety
of traditional PD-block in the proposed scheme, the
flexibility of PD-range expansion is readily provided in
order to suit the application’s purposes. Unlike the
conventional phase detectors such as an analogue
multiplier and the combination of mono-stable multi-
vibrator and RS flip-flop, the proposed absolute PD
absolutely detects the phase constant from the
sinusoidal input without the prior reference phase
requirement. By the analysis in section 2.6, it can be
concluded that the divide-by-2 frequency divider has the
most effect to the proposed scheme in comparison to the
analog multiplier which its scale factor causes the
amplitude variation of the output. Also the impact of the
DC elimination procedure can be removed by the LPF
in the conventional PD. With the PSPICE simulation,
the total power consumption of the proposed APDS
circuit is 427mW, which is most consumed by the
multiplier (200mW) compared to other components.

For the proposed BPSK demodulation scheme, the
analogue multiplier PD, which has the narrow phase
detection range (0° - 180°), is selected for detecting the
information data. In order to create the QPSK
demodulation scheme, the combination of mono-stable
multi-vibrator and RS flip-flop is required because the
phase detection range needs to be expanded to 360° in
order to avoid the ambiguity in data recovery. Based on
the proposed absolute PD algorithm, it can be
contributed as BPSK and QPSK demodulators. The
results illustrate that both demodulating schemes
implemented with a blind carrier recovery method can
accurately recover the transmitted BPSK and QPSK
signal phase, which are 16-bit data, respectively.
Furthermore, both proposed demodulation schemes can
avoid the synchronous conditions of M" power loop.
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and the Costas loop. Due to the analysis in the section
5.4, the analog multiplier PD was selected in order to
verify the proposed QPSK demodulator under the
AWGN conditions. The conclusion is the output phase
is irrelevantly disturbed by additive white Gaussian
noise. From the PSPICE results, it is noted that the false
phase detection occurs at every phase transition of
QPSK signal, so the proposed scheme for QPSK
demodulator cannot be applied for the real time
processing. However, the Matlab simulation results
show that the proposed scheme for QPSK demodulator
can be applied only for the frame processing case.

References

(1] O. V. Alan and W. S. Alan: Signal and Systems,
Prentice-Hall, 1997.

(2] IEEE Standard for Synchrophasors for Power
Systems, in [EEE Std €37.118-2005 (Revision of
IEEE Std 1344-1995) , pp. 1-57, 2006.

[3] R. P. Schulz and B. B. Laios: Tri%éering tradeoffs
for recording dynamics, Proc. EE Computer

Applications in Power, Vol. 10, No. 2, pp. 44-49,
1%’7.

[4] J. Horwitz, J. Feldman, N. Reinhardt and C. B.
Damrel: Remote absolute phase measurement in
buried cable systems, Proc. Transmission and
Distribution, pp."397-403, 1994.

(5] Z. Jie, Z. Changyin, H Wei, J. Ping and C.
Chunling: Precise measurement of power system
frequency and absolute phase based on GPS, Proc.
}Z’S&er System Technology, Vol. 3, pp. 1947-195],

[6] B. H. Roeder: Absolute 1phasc in_power system
applications, Proc. IEEE Transmission and Distri-
bution, pp. 1681-1684, 2002,

[7] D. Fan, V. Centeno and H. Zhang: Aspects on
relative phase angle measurement, Proc. IEEE
Power Engineering Society General Meeting, pp. I-
4, 2007.

(8] H. Li, W. Perrie, Y. He, S. Lehner and S. Brusch:
Target detection on the ocean with the relative
phase of compact polarimetry SAR, IEEE Trans.
Geoscience and Remote Sensing, Vol. 51, No. 6, pp.
3299-3305, 2013,

(9] E. L Algazin, A. V. Sapsalev, D. V. Makarov, A. P.
Kovalevskiy and Y. M. Veshkurtsev: The method
of signal processing of relative phase modulation,
Proc. International Siberian Conference on Control
and Communications (SIBCON), pp. 1-4, 2015.

[10]K. Kobayashi, T. Someya, T. Ohtsuki. S.P.W. Jarot
and T. Kashima: MIMJS stem with relative phase
difference time-shift modulation in rician ading
environments, Proc. |IEEE Communications, pp-
732-736, 2008.

Journal of Signal Processing, Vol. 20, No. 6, November 2016

129

[1]W. F. Egan: Phase-Lock Basics, Wiley-Interscience,
pp. 31-44, 1998.

[12]Y. Lee, G. Lim and L.C. Park: Low-complex BPSK
demodulation using absolute comparison, Proc.
IEEE Electronics, Circuits and Systems (ICECS),
pp. 1080-1083, 2010.

[13]T.R. Roshna, R. Nivin, S. Joy, T.J. Apren and V.
Alex: Design and implementation of digital Costas
loop and bit synchronizer in FPGA for BPSK
demodulation, P);oc. Control Communication and
Computing (ICCC), pp. 39-44, 2013.

[14]T. Nagura, Y. Matsumoto, S. Kubota and S. Kato:
QPSK carrier and bit-timing simultaneous recuverg
scheme for coherent demodulation, Proc. IEE
Communications, pp. 1636-1640, 1995.

[15]O. Hyun-seo: Coherent DLL code tracking and
BER effect on QPSK demodulation in wideband
DS-CDMA reverse link, Proc. IEEE Vehicular
Technology, pp. 2408-2410, 1998.

[16]D. H. Sheingold: Nenlinear Circuits Handbook,
United States of America, pp. 203-269, 1976.

[17]R. L. Cupo and R. D. Gitlin: Adaptive carrier
recovery systems for digital data communications
receivers, Proc. IEEE Journal on Selected Areas in
fgognmunicalions. Vol. 7, No. 9. pp. 1328-1339,

9.

[18]H. M. Kwon and E. K. B. Lee: A novel wireless
communication device and its synchronization
scheme, Proc. IEEE Global Telecommunications,
pp. 659-663, 1995.

[19]R. Haeb and H. Meyr: A systematic approach to
carrier recovery and detection of digitall _Phase
modulated signals on fading channels, IEEE rans.
fgosn;muniuauons, Vol. 37, No. 7, pp. 748-754,

[20]F. Xior%g: Digital Modulation Techniques, Friech
5!(;)6105 ¢lecommunications Library, pp. 179-190,

[21]M. Simon: The false lock performance of Costas
loops with hard-limited in-phase channel, IEEE
'Il‘égr_:'s Communications, Vol. 26, No. 7, pp. 23-34,

[22]S. John: False lock in Costas loops, Proc. 20th
ISogzli;heaslern Symposium System Theory, pp. 75-79,
988.

[23]B. P. Lathi: Modern Digital and Analog Com-
2%u7ni(l:ggc8m System, Oxford University, pp. 541-

Acknowledgment

We are so thankful for sharing the insight and
expertise, which greatly assisted the research, from our
colleagues. We are also immensely grateful to Journal
of Signal Processing Editor and the reviewers for their
very valuable comments and ideas on an earlier
manuscript in order to improve our paper’s quality,
although any mistakes are our own and should not harm
the reputations of these esteemed persons.

265



Sukkharak Saechia received
his B. Eng. and M. Eng
degrees in telecommunications
engineering from the King
Mongkut’s  University of
Technology  North  Bangkok,
Bangkok, Thailand, in 2004
and 2007, respectively. He studi-
ed in the doctoral degree pro-
gram in telecommunications
engineering at King Mong-
kut’s Institute of Technology Ladkrabang, Bangkok
Thailand. Currently, he is a faculty member of the
Department of Computer Education, Faculty of
Education, Phranakhon Si Ayutthaya Rajabhat Uni-
versity, Thailand. He was a Special Session Chair for
ISMAC 2015 and a Publicity Co-Chair for ISMAC
2016. His research interests are in analog and digital
communication, digital signal processing and appli-
cations.

Chusit Pradabpet received
his B. Ind. Tech. degree in
electrical  engineering from
Srinakharinwirot  University,
Thailand, in 1997, M. Eng.
degree in telecommunications
engineering from King Mong-
kut’s Institute of Technology
Ladkrabang (KMITL), Thai-
s land, in 2003, and Ph.D. de-
gree in the field of media and network technologies

from Hokkaido University, Japan, in 2010. Since 1999,

he has been a faculty member of the Department of
Electrical Engineering, Faculty of Science and
Technology, Phranakhon Si Ayutthaya Rajabhat
University, Thailand, where he is currently an
Associate Professor. His research interests include
wireless communication system and digital signal
processing. He was a Technical Program Co-Chair
(ISMAC2015), Special Session Chairs (ISCIT 2015),
General Co-Chair (SISA 2016, ISMAC 2016). He is
also a member of I[EEE and IEICE.

266

130

Jeerasuda  Koseeyarporn
received her Ph.D. degree in
electrical engineering from
Vanderbilt University, USA in
2003. She is currently an Associate
Professor at the Faculty of Engi-
neering, Department of Telecom-
munications Engineering, King
Mongkut’s Institute of Tech-
nology Ladkrabang, Bangkok,
Thailand. Her research is in the
area of analog communication circuits, and analog and digital
signal processing in communication systems.

Paramote Wardkein received
his M. Eng. and D. Eng. de-
grees from King Mongkut's
Institute of Technology Ladkra-
bang (KMITL), Bangkok, Thai-
land in 1990 and 1997, respective-
ly. He is an Associate Pro-
fessor of the Department of
Telecommunications Engi-
neering at the Faculty of En-
gineering, KMITL. His re-
search interests are in analog and digital commu-
nication, digital signal processing and integrated
circuit design.

(Received January 14, 2016, revised May 25, 2016)

Journal of Signal Processing, Vol. 20, No. 6, November 2016



131

wva YV o
Usmﬂqwsu
Yo-uruana UWHYINY udile
M wau Ui 4 Nueneu 2525 N919nad
UseiRnNsAnwn 2548 FANTSUANEATUNNA

avvTimnssunsanuay (Nesiteususiu?)

antumalulagwsrasmndndinummsaanseta

2550 IMNITUANEATUMU AR

avIvimnssuinsauuau

amUumalulagwizssmndndnuvmsainnseds
WAL SUN SR

1. S. Saechia, J. Koseeyaporn and P. Wardkein, "Human Identification System
Based ECG Signal," 2005 IEEE Region 10 Conference (TENCON 2005),
Melbourne, Australia, 2005, pp. 1-4.

2. W. Phanphaisarn and S. Saechia, "A Simple Synthesis Technique of PWM
Signal," APCCAS 2006 - 2006 IEEE Asia Pacific Conference on Circuits and
Systems, Singapore, 2006, pp. 1647-1650.

3. S. Sinchai, S. Saechia, T. Limpiti, J. Koseeyaporn and P. Wardkein, "Estimating
an optimal setpoint to lessen errors in filling weighing system based on
Kalman filtering," 2014 IEEE International Conference on Acoustics, Speech
and Signal Processing (ICASSP), Florence, 2014, pp. 2189-2193.

4. S. Saechia, J. Koseeyaporn and P. Wardkein, "A New AM Demodulation
Scheme with a Blind Carrier Recovery Method,” Proceedings of the
International MultiConference of Engineers and Computer Scientists (IMECS),
Hong Kong, 2015.

5. S. Saechia, J. Koseeyaporn and P. Wardkein, "A New FM Demodulation
Scheme Based On SAGC," 2015 International Symposium on Multimedia and
Communication Technology, Thailand, 2015, pp. 50-54.

131



6.

132

. Pokinchotanun, P. SirichotedumrongS. Saechia and P. Wardkein, “An Eye-
Muscle Feature Extracting for Human Identification,” 2016 International
Symposium on Multimedia and Communication Technology, Japan, 2016, pp.
133-136.

S. Saechia, J. Koseeyaporn and P. Wardkein, "A New Instantaneous-Velocity
Measurement Method for CW Short Range Radar System," 2016 International
Symposium on Multimedia and Communication Technology, Japan, 2016, pp.
137-143

S. Saechia, C Pradabpet, J. Koseeyaporn and P. Wardkein, * A New Absolute
Phase Detection Scheme," Journal of signal processing, Japan, 2016, pp. 253-
266.

132



