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ABSTRACT

This thesis proposes a study and performance analysis of Multi Linear Chirp Frequency
Hopp-ing Code Division Multiple Access (MLC-FH-CDMA) on Nakagami-Rice fading channel. This
study will determine the effect of multipath fading channel, which is the phenomenon occurred in the
most commercial wireless communication environment, on the MLC-FH-CDMA, which is the
improved method for solving the collision problem in the traditional FH-CDMA. In this thesis,
Nakagami-Rice fading channel model, which is a well-known fading channel model, is used for a
fading channel of this new method, because this model is flexible, by changing the value of one
parameter. This model can represent the other models, which suitable for different conditions and
different environment. In this thesis, the simulation of MLC-FH-CDMA system and Nakagami fading
channel are performed by MATLAB and the performance of the system with and without the fading
channels are compared in form of Bit Ermor Rate (BER). Moreover, the study of other system

parameters (i.e. number of user, Time-Bandwidth product) on the fading channel will be presented too.
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v . ¥
8gUBNAILNATT 1ASA NS DITAIAIMAFIVRIE(Instantaneous Frequency) 18dail
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(1) 27 dt 26)
uﬁzmmsﬂuﬁmé'ﬁsmm%s’ﬂﬁaﬁy
df, 1 d%
G UL\ S 2.7
A dt  2n dt? 7
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as ad o [ [ 9
ﬁmmmnﬁﬁnmammmmalﬁug MLC) ‘lf?\ill?ﬂ\lﬂ\’!lﬂﬁ"gm‘ﬂ

spt)=4 cos[Zrt( S — %)t +u fmmz] (Up Chirp) (2.10)

Spt)=4 cos[Zn( S+ %)l —-u fmmz} (Down Chirp) (2.11)

Tagn - 1301 ¢ swegluye 0<t<mT,

‘x — W,
AT UAUC £, ) V3 sp(@ Wy £, ‘Td

&4 e 4
AWDITUAU( Jo) W03 5, (1) MY § +7“'

MeSudu( g, ) W84 s, (f) 1z s 7o () FAUIAL 0

uae
W +1-m)Af
Im mT.

c

(2.12)

Y ad aa ) [ 1) 9
FuaouFsivaisnudiFuduMLC) ¥aanasusdasi 1y

s, (1) =4 co{Zn(fch + % - mAfj(t ~mT,)+ . 7l - mTC)z} (Up Chirp) (2.13)

Sy(1)=A COS(ZH‘(fch - % + mAf)(t -mT,)— p,, 7 (t — mTc)z] (Down Chirp)  (2.14)

Taoh - no1 ¢ wwegluyn mT, <1<7,

i A ' W W
AMATNAY £, Y8 5, (1) 1AL £, +—2‘?-~mAf

$ A' v o W
ANUNISUAY Jo U0 s, () £, ——2"-+mAf

masudu g, v8as,, () 1aL s, (2) AUy 0
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M, = (2.15)
(M +1-m)T,
T,
L= (2.16)
M +1)
/4
Af = —4 (2.17)
(M +1)
P A P e <
Tagh £ fin maudnanueauuARNdnI: Ian

W,  fie wuaIaviveanamiings 1aa ( Frequency Hop Band )

4 ar d‘ t:; * Yo o :i
Ly PR Sanmsuslasunimdsausnvedldidudim

-3 [ :; t:i | (3 Yo @& J
py fe dasnkulsn/fsunamasiendevesdlddvivi m
m  fio awuvedld

y

fio Sruanvesfldimua
T,  fis mMuna1IenINnse Iaand1ue (Hop Bit Duration )
Af fo ‘lhxiﬂl'lﬁﬂ’.lmﬁ'tlﬂ\lllﬁﬁ:m‘l’f’ ( Separation Frequency )
T.  fis $reanaiveiaasilF ( Separation Time )

as Q’: i o a 1 -~ It 3
wiwmhufosunudeyn v dredygandsinaeniwdidudunuudidvy
wazumudeyn 0 dredyonuiFfinmonrmdiFuduuudivawdy eunsoangia

[ b 4
M5 2,10, 2.11, 2.13 oz 2.14 Tegluanuduiusasil

s,()=4 005[27:( fon = b(t)%]t +b()u fmm’] (2.18)

0<t<mT,

s, (=4 cos|:2n{ S+ b(t)(zyz—"— —mAf D(t —-mT.)+b(t) py,, vt —mT, ') } (2.19)

mT, <t<T,
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] die fiadieyn iy ‘1> (Up Chirp)
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-1 is dndoya 1y 0’ (Down Chirp)

0<t<T,

y ] . Ll
msavtiunauMsi 2.18 uay 2.19 dyanandiivaemmtiFudu (MLC)_ i

y
wualugamunn 7, veaaazdld annsouaasldaail

S ()= 5,(1) +35,(2) (2.20)
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) Fyauvedlsn 7
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71 2.11 naasdggnauFfilvmennBFaduere) Tunuaar-uenlaye vewia 7 41%

auununaramd luzli 3.2 Tash 7,=50 usuitla

2.2 #aNNINNNIUVBIsEUY MLC-FH-CDMA
ns:mun1sv’mm-ums::u'uﬂ‘s'mw%&eﬂﬂﬁﬁxé‘ﬂﬂﬂnﬁuﬂqméﬁm‘,m;miuum%s'ﬂ
Fadunawaaud 1'4"uﬂ1111‘?;110«%5'1]1{11%:8@111thumm?iuaqmm’faga (Data modulated
band ¥38 Frequency hop band : W) ﬁudanwﬁﬂ PN ﬁzgnﬂhﬁfu'1ﬁ&a1ﬁuﬁazvﬂa’f'ﬁsﬁa
PN 52612 1 9a Feluswa PN usnzyaszgautisesmiuggazimau k $1l(Chip) Tay
sWa PN §1u9u k ‘Tfﬂ(Chip)‘f: n:ﬁmvnamrhﬁ'umunmm:'(ﬂﬁﬂ'nuﬁ(T,,) REEA IR LE]
inuFgedilsFaiduedae uazt‘n’mniiﬂﬂ"l%’muqun1sﬁ'~1mﬂ:ﬁ'mm?iﬁezﬁf’lﬂnauﬁu
ﬁ'momgml%s"ﬂx‘?mﬁunnwmm?; fdamerdye i (Mixer) Soihl¥iwed W, dems
nytTannanid lhna s svaluusasdaeinay k 31 veaswa PN dmanalugild 2.13 #
msnsz Tarnaminanuaves W, weglutumadnnlsaaaada(Spread spectrum band :

»
w,) Tavlinawmduiusiuaail 3]

W, =2"w, (2.21)
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G, = Z: =2* (2.22)
d
Taod G, fi9  9AT1weemIdszuIana (Processing gain)
W, #e  dwnamidaulsamianii(Spread spectrum band)
w, fs thumm‘f’;uaqmm’faga(Data modulation band)
k do  $wauFiChip)lusrmainssTaanamfi(Hop duration)

TaonsadedynInvesszuy MLC-FH-CDMA 959 1duaunsfi 2.20 (aumsdynimueg

@@ MLC) tazynmisdsumanuinonvewuudinanmwinszlaa( £, ) uauns Iidu

v k4
ey luaai[12]
fo = o (L ~DW,, I =12,...L 2.23)
L=2%"~ (2.24)
Tash 7, Ao szAumsnszIaandud(Hop Level) Y894 190 m
v ¥
L fo S wIuveesLauNInse Iaan AN IMua(Number of Hop)
P d' (% d'd'
£ A8 anudnanvesszaun1snszlaandnbi |

4 »
s IZRZUUINAN 1150(2.23) 191 WIT0NTAITNMTAUYIN MLC-FH-CDMAY8N

1 4
RS 1dAail

~

«© M
Y. 2 pr,t=nT,)s,, (0) (2.25)
n=-—wo m=1
Taui
b(1) 2
S"ﬂ (t) =A cos|:27l'(fcm + (lm -1- T)Wd )t + b(t)ﬂfmﬂt :| (227)

0<t<mT,
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S (1) = 4 00{27{ for + (lm ~1+ -b-gl)Wd - b(t)mAfJ(t —mT,)+b(),, m(t —mT,)? ]
(2.28)

mT, <t<T,

c

1 die dadoya 1y “1° (Up Chirp)

b(r) =

-1 i diadoya 191U ‘0’ (Down Chirp)
0<t<T,

y 2 ’
ASEUIUYRITTUY MLC-FH-CDMA vzumasiuguil 2.12 Felszneudiomada(n)
o < o ] o 3 a o
nAsu) tazasesavewes(n) Tasludiuvesnmiutiuszldasfveqamesiiuy MLC

a s ot o

é 'dw o) [
Fudursvstlsefindynsuuunessinmes (Comelato) Nildyanuddsdmivldiison

*
A e

Weudyaniidnyuzuandniuliiufe ¢, @) dmsudeya ‘1’ uaz ¢, () dmiude
L A 9 1 x ]

ya <0° Taofl m = 1,2,...,M dgaiifiugafiuandiesninisesfueqiamesiuy BFSK Niiaay

9w 2 doygmfie ¢ (1) uaz 4 (1) uosIUN 213 vzuansdayId(Spreading

Signal) Tunnunaraudves 2 Fliideyauazsia PN uazduaisvesgui 2.13 wzuaas

o 3 U » \ . 2 o ]

Fuyanufignaansanaegludnegmadoya (Despreading Signal) Fedaymaivzgnda’y

A a o o < o 3 v a4 a
sudouiaslinsws lulsesAuequaiassuuy MLC 1o Tageziudl o gaiiianissu
o o 9 < o a ' [ Q o sh:' =)
A duauvesdld A uae B eriidavuznnimduanaisdu i ldnsesauega
v kel
wesuuy MLC veamasuannsouenues idhdyanudeyaigndansuiuiudygaln
2 oy, - 0 A o X2
Fuvesfldsela maznsiusehiinslsafaudyyafanmafatuniugld A unz B
¥
Sumaiissdenaldrimnninziluvesnauianaadeya (Probability of Error) ¥845zuY

WSimuFeelJaFadueanny
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Data Source MLC o Mixer Tx. Signal _ / \ Rxsigal
" | Modulation v '\J o
A
Freqeuncy Noise
Synthesizer
4
PN Code
Generator
(n)
Rx. Signal . MLC Estimated Data
e Mixer "| Demodulation .
A
Freqeuncy
Synthesizer
A
PN Code
Generator
(V)
T x|
fX\ J dt
\T/ 0 +
/ Decision —> Choose 1if 1>0
) — 4.0 device | Choose0if 1<0
, -
R— [ a |
0 X,
?/ Threshold=0
¢0.m (t)
Q)]

394 2.12 uameniien lnezunsuvedszuy MLC-FH-CDMA

m NIATAY (Transmitter)

() MASY (Receiver)

a oo i o o 4 o w
@) 9esmanaEsUnmenmniFududvegines Tnshl m AedAvvesfld



Data
User A 1 1 1 0 1
User B 0 1 0 0
111
¥ 110
101
= 100
9 Usgr A
5w | [T
8 < s
2 { ) 011
010
in e
v { 001
000
Tl T2 T3 T4 TS
Time e _J
User A 110 111 101 011 101
User B 011 111 | 001 011 110
PN Code (k=3)
User A ".‘
Y -
..... ~ IR Y -
User B .‘. “. “. “.
k1 3y Yo kY
Despreading signal

31 2.13 uaedyyINveesTuL MLC-FH-CDMA Tuunusdiasina

33
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2.3 NguHvesveIdaananIsoIamEnaENAMg

2.3.1 TBINQYYINIUNINYII (AWGN)
:i o 3 n’;’ H ° 9 )
vngUdl 214 dganusuniuluszuufemsiudiunindasdlmiduuuy deq
o4 A . o sy
dyanusuniuem Fdinumuunivaaasudunuugiivesu (Uniform Spectrum Density)

wazieuigalin1susnuumnd (Guassian Distribution) TasUadudadyanusuniuni

)

gl (Thermal Noise) tardygIusunIUNNIN (Electrical Noise) MAasIANISYLIY

b4
aQ/ Ld L o A LoD \ o
dygpaniuszliguauifvesdyanusuniuvn snguanidsndnawisasaeslfidu

o

s & o M ' .y
ganusunuuuy AWGN 18 deiladduniumunniuvesanmiteziilu (Probability

Density Function) Y83 Q@145 UNIUULL AWGN amsauaas [daaunisi 2.30

1
@ (f)=—-N, (2.30)
2
s(t) D > r(t)=s(t)+n(t)
n(t)
AWGN .
Amplitude pdf of Power spetrum density pdf

A A A
1/2 No

«” ACe

Variance=Power

.

Amplitude

- Al gy

31 2.14 quaniidvssyesdyg s sunIuY

2.3.2 Usingmasiaediassivia
Usingnisaiasilidass FdaiAannarsiiglassi masudygiuiinsinieunidas
-3 [Y 2 A a ° 9 o A <y a4 4 P o a
am§alusedunii Fdinai Mdyonuisulalisudin/tou Tdenaudvesdygrun
U Y o = U =] dy 4 ' o v o A P 4
dewenninduduiia UsngmsamnanddinusiuldvseaisluszunInsdwimdoud 1vu

9/ s o d.'l - PR o ] d'd .:'l a
s 1FuInsdnniadsunnislusosuddudinsese i miinisiafeus 1519150
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° ' dad 4 [ Y Ay - o o (Y 4 2 a A P
fnuswesnain/dou i 1ddsll AnsaglaselInsdwilusafuniisgalinisadoun
o 3 3 ' a ° 4 ar ]
MoauiIned v szuinga A uag B huszeznaniiiy d Tunsdnnaiiseusdiumads
) b4 [}

Audadyauvesanrtigiuegrnloasenly suihliidunnmsdunisvesndunaesd

Tugadmmia A uaz B umuezAguuiuiu'll g3 223 Uszasy

Al

—_—
4

3 - { a % 3 U4 s
UM 2.15 U ngnisalaetinlassSaniianinmsindouiivesglnsalninsy

gt 2,15 sfuhninuananvesssezmiiadu I msdunenundaduiia
Tgagn A unz B iy Al = dcosd = vAtcosd 1o At e a1 lumsindeudien
19 A liaea B unzaun@n @ fiva A uoz B fdwiiy giesnndedumasiuiaeglna
N é?wzﬂs::mm%"’hﬂﬁ'ulﬁumauwmuﬁu) FuhezaunsamnsnlEnuauraves

dyanunsuldilesninszozmaidranuldon

_2mAl  2avAt cosé

(2.31)
A A
v 1@ wdiinen hivseastnlaesdwa £ Tawiiy
1 4
£ _ 14 (2.32)

2w At
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vcos@

)

wieozioulugiiinszsuldifiu
. =f, cosf (2.33)

Vv ] . o & v A °
Tag f, == uaziSen £, flumeetiassdagege sutludiisianldonaiusves

insessy Insdmiindeudifotunimemaiuvesdaa o

pnaun1sit 232 sziu'ldh ﬁaﬂxﬂas’%wﬂ:i’fuagiﬁ'uﬂa1ut%‘11umﬂﬂﬁaw?ium
Tnsdwiadeudi unzyusswiefienemsindeudives Tnsdwiindoufifiousufienaiindu
@dumanis dunad finsswlindeudiimsndoufidmumdasiuia ox'1dh 0 v o
nzaetiaesEudiauiuuan @admuay) s Insswindsuiindeuiiosnnnunds

duiiaez14731 @ mhAv 180 uaz aetnlassarataniuan @nudana)

2.3.3 YodFoynnIainI 3 MeuBILSHE (Rayleigh)
3 » 4 L4
Taoma Tzl Inssmiindouvesdld Uneggamniuialuifu 3 was Ay
o A v - 0% @ 4’;’ a A A Y] U o A4 [ P
wauidwiiszifansasiouduiiuaunisdeang seudnedtmindoahild s
LY d'l 1 dy 1] Y o d'v ei [ 9 o -.a' ]
azfouvesndumartidewa I dygruniy ldnneasvlssnsudisdyayiufiunsuinma
¥ ' é ol a g d’ "’ e v d”u -
dananimilasiienie daaaslugdy 216 wazlasia udrdygrumaiininez@unian
P s n:; ? [ = = J o 4'1 s v d” 9 [y
famasufonamuandeny uazliviefiuanandudoiodyaumaitivisandideiy
v [3 4 .
v lddyanaiifinendfgaudsnlfousdinng Jymilisesenin dafnmmads i
dy Iy a - A o t; d'l ° da 1d ~a
fifunfinsuuiuAudmansznuiiisvuiinihilgnvesrstiloessvannalsznsudae
v oA N A P 4 o
naMfsvzIINeIHansEnuvesaeiaes AN IANIIARB UNYRIg NIRinIATY

UL INITRTINAY
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N
ROAD ——» [MOBILE| <«—— =Jp»Moving Direction
p. AR 3

N

Building

JUN 2.16 nuuSrvesrNNATIUYBIAISINAYDITYYIUNTIIMITHAIBF UM

a ] ' @ d 4 4 a v 4 °
WM AU Ay lsysenina el £, Alieuwianiy a Wetnn

e lugdveaend TwumFvaisedeuce 1diu
s(1) = aexp( j2nfot) (2.34)

Y . v
dyamiidie ldsumsdsuuyesdymudadnm masues ldsudyanuiinnmae
a " 2 Al X Y kb, o/ " 3 s
nieme Tagiinenwayanaziaildounlamandeniuli iWerhdyaimdiudn  mariin

vanswnuey 1diu
()= iai cxp{j[27r(f0 +f; cosO. )t + ¢ ]} (2.35)
i=1

a oy Ao d'u 9 5 9 ' 9 = a .
Tueums Idmudilidygrunsuldimee nidune usazdunsiivenwdgani

e ' M s \ - | 3 e 4 | 'J o -~
M a, UAunaiAY ¢, nazmaetilassdvaminy £, cosd, Fuflumnvusufiamanisin
< o I v a A a do @ v da 14
ey smounUisnmsinteunveselnsaisudyn () uazaaetiasiFva

o o

v 4 ar Y A
qagafe f, = Ixﬁmﬂ;ﬂﬁmmm‘lnm:'lﬁ

r(t) = exp(jZﬂfot)zn:ai exp(j[Zizfd cosﬁit+¢i]) (2.36)

i=1

v

fmmsezdadyyiud1diilvegluz
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r(t) = rexp[j(Zrzfot+¢)] (2.37)
921871

rexp(j¢)= Zn:ai exp(j[27zfd cos@it+¢i]) (2.38)
i=1

= iai cos(27zfd cosf,t+¢. )+ jiai sin(272fk cos@it+¢i)

i=1 i=1

=y v o de 9/ LY J LY [ :lv
mamsaisuamduiusidnseduvulusdvesdnls xuaz y Al

r exp(j ¢) =X+]y (2.39)
Tay

X = zn:ai cos(27f, cosOt+ ¢, ) uaz y = iai sin(27f, cosB.t+¢,) (2.40)

i=1 i=l

t 4
dmiuanuduRusssnin riaex, y Aannsauaas ldead

r’ =x?+y? (2.41)
X =rcosg (2.42)
y =r1sin¢ (2.43)

v n »
WeN91TUIAVEY X = > a cos(27f, cosf,t +¢,) nuIulBINNUBUNAYA a,

i=1

dudaunlsusuaen yu 6, senidisnamsnisvesdyanuifisufuismunsmieuives
L4 1 ar A -~ o
gunsalsydyanaamnsadsanuiuiiudlsususeniiiinisnszvounugiiesy uasia
- 3 o 3 ~ 4 * (] J
6, niFuiuannsodszinainiludunlsusuneuiiimsnsznsunugiesufifidegsenin
:l’ ' 3 o o ar s A
093 27 aztiu x Suflusiitldnnnsuindundsususeuduau ndudrdreiu Fadmn
n UM IMYNeIT IS0 MOBHUN central limit theorem W1 1diHeAsUNAINIsUSUABN X
v v
MINTLRIWUVY Guassian Tastidundodiu 0 uazfinaSoudindy o sy dunlsusy

< o “y
ABY x UNINITVYAIU
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1 x?
p(x) = ———-exp| - — (2.44)
2ro, Oy

} 4
semnsaedouuanuAaludnuuzAsaiuil lunsinsondgudnyuzyesds

n
wmls y = a,sin(2nf, cos6,t+g¢;) Plimsnsznwnuumddie Tavdunlsusunen y iim

; ¢ 5 23 . "o 2 .
mindu ounstinBoud o2 Wil o = o nazezverimualiniifiy o seudanls

1 4
UsUALY y AN13NTZ910ANI

2
exp| == (2.45)

I
p(y)= e | 207

A < [ Y 4'1 v P - & [ =~
denswdenudnuuzaes xuaz yuda Seewielifisriiosan fe auanymid
- @ { o s 4 ’ o =1 v
ueundgavesdayanuiisnld o nasy Fefiem riiuies mnauMs 2.41 wAud ¢ R
@ e d o n’: as sy LY
Suiuslaaseiy x ey y auiuswzofuaamiansulasdanysusuasuanmou]

] L4 v [] ke
aamninnztiuen x uaz y Wiy r nazg msdadinflidudesii hionnin axiuisie

< o

annsaagdl1dan usuwdgavesdyanm r dhudmlsusuasuniin1snsz1guYUY Rayleigh

~ (73

(Rayleigh distribution) A1

2

r h r>0
SR Y g

p(r)=1 o’ 2 (2.46)
0 Otherwise

Tao# o ApuseA rms vesdanuneunszuumsieunlad@mndu uoz o Ae
mdundemannvesdyanunsunszuaumseun Tadamasusuiu dauavesdya

=] (Y ac ~ PV 0 1 = o d“
11Jumuﬂsusuﬂeuﬂumsm:muuuuguﬂasu‘numagszmw - N AU
1
plg)=— -m<gsn (2.47)
2

2.3.4 Yoadeuananissramanuylsi¥eu (Rician)
o t o/ 1 s A
Wunvusmeenissremsuugesdyyraufimuizdvanizuiadenluiiis i

Useneudlsnisiimes 2 Aasimnununniuaaaninsiudaunts
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r r —a ar i
p(r)————z-exp —— | = w20 (2.48)
c 20 o

g I,(x) AeHlanduwaiun (Bessel Function)

2.3.5 FOITQUQIUNITVNMNSUVYIININIG (Nakagami)

Funpysrassmssemovutesdyui ldunsinmsnanssuazmusesiuioyn

o a a & ) o o o
agnissivesnisiadsluuSuduq 148 dnavesdygrudnsvezilunauanmann
IABIUBIVIAYBITYRIN (signal strength) uuuseMINE hildeTuiesvaziBeann
Hymdmty  ednlsfamnuudasannmmi dannsestusuuuinessdug idaondn

FsanaanInuIua s udsauns 2.49

m, 2m; 1
m r m 4
prl(r)=2 — exp ——L2 | disr>o0 (2.49)
2, r(ml) 2
2

1012 )2 ]2 0.5 (2.50)

(X El(rf

2

TaogarruveaILU$IBIUININIIAG

3 E 4
() lﬂull'l]ﬂﬂ.']ﬁﬂﬂﬁ‘lﬁll'lﬂ'lﬂﬂ'li‘nﬂﬂi’Nllﬂzﬁﬂﬂﬂﬁﬂ\!ﬂﬂﬁﬂ'l'mnﬂﬁﬂuﬂﬂuﬁfﬂﬂ'ﬂ

A ]
unziiiesing

@) ShuiuusnesiaeandeeduinITIINILIVBIUBNNAYA (amplitude distribution)
Fuansdaodulnasuniads (m) dradil

m=1 fi® MSLINIUDAIY Rayleigh

m=0.5 fi® ASUINUIANIUY Guassian FNIAY

-~ = ad ey J’ as
m—> @ fis nydilugann@n hitinsiouvesdyyin
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2.3.6 MITUMBVUYDIN Y 1UYY Nakagami-Rice

‘1uﬁuuﬁg1uﬁyﬂz§emmmuﬁmm‘lugﬂﬁ 216 1ufu uadyanudildTuezlssney
ﬁ":uﬁmumummmnﬁﬁmmn’fumnﬂ'i1ﬁ'mumu1m3uq nilsdya o dyausanme
Fuaradfifasinmsarieu msWaM 1azN1INTTY(scattering) $dyanufigndeesnin
uanslugtveuend Tnumdoadedousy Wdsiuaaslumuns 2.50) udadya anasedi
NuusunagaIiY a idundeuiidundaogn 0, sauvfeﬁmumumﬂs:ﬂanﬁ‘;‘uqﬁgmmm

13 y
Tugtvesdaulsinudsunuugududeou dyanui 18 vezannsouaasldded

r(t)zadir exP{i[Z”Vo +f, cos edir)]}
+iai exp{j[Z”(fo +f, cos 6:') +¢i]}
= %’dir exp(j27gfd cos edt)+crandom (t)}exp 027!7’0’)

=c(1)exp(jny'ot)
2.51)

g as o L4 1 * ) é o U -
Taedi ¢, (0 Sudamumsiunlsvesdyanmd bilsnuass Swaasidiugldde i

¢ random =X random + Jy random (252)

Tay

X ondom = ia,. cos(27;fd cos Gt +¢,.)uaz Kad = ia,. sin(27;fk cos 6,1 +¢,.)

i=l i=]

(2.53)
nasFaumun AN veen191me o) o2 1dilu
ct)=a,, exp(j2af, cos 0,1 )+C ruion ) (2.54)
Taof1deuead 1N 1A (b, dozliauyiiy
by = a;ir (2.55)

2
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duidundvvesdaanun i hilsnwass@ygnunuuuuge b, Jweniiny

l o
brandam = E zaiz (256)
s L] [ ar ‘yl J
HAZOATIUVDINTINNIADIU
b, a’
K=—9 - & (2.57)
b,son  2b.oa

woniFoadnladou urames(Rician Factor: K) Tauile a, = 0 (K=0) nuudnesiivsyintu

ilouAHLUS 108 T IF YRIUATVNMILILY Rayleigh uAile b, = 0 (K = oC) vy

émmﬁyﬂzﬁmumﬁauﬁ'm?mﬁmumgmsumuma
lﬁmmnﬁmumnmﬁ'iﬁ"hiﬁ'ngng1mmmswamquﬁﬁy Tédgnfinrsaniuiiuldaw

3
aszvaumsmMduugududeu dniusmarmmuunivaauhesduiaunsauaaiesnn

t 4
laaati

2 2
1 _exp (x —ad,.,) +y

(2.58)
27, 2b!

ple.y)=

2.3.7 wansznuvesdadanisa
t-:’ = .’: ) » * o » .g'{
919 1denondaadundIi IUNRNITUNT NTSYVBINYANIUTENINIATO
Tnssmstindoudinazaoriigmil idvareiams uasdygoudasaudnesasiludunn
fitlszozmalimiidy fyamunduewesdumaiuiduasesznitemadunenniy
. . ar ) yu s [ 3 e v 4 A
(line of sight : LOS) dyanudauiiinez@umedimasvidia Tuvushdyapudiuaudi
14 ¥
nsannssnuivfveaquaziRansazfeunatasiniziaunsienniudyguine:
1¥nansunsnsznefionuundt anmmdilumsiRunvesdygiandasdiunelvina
A'A v -« J Q‘I o ' ’ -
flymiisendt Madailmn (Delay Spread) ¥u Hudsdygmudnzaulfioauundg
nuw hiviiiu
~ 'd o [) [ o 9 v EY) o’: o . ) .
msinszigudnyuzvesresdaginhifeneuniniomadehildtingi
flynvesdisdanlsn wfaudedla maziiunyusneseedyguiimsinsizinig

ImAguiihefudyyiuvedazidumudunitimniundondu vislunamlnd
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P o * o - A W Ao 1 < s '
Aosfunn ednlsiam lugnmandusiiedudyaaiisylddenszmnimniu
wioufiu tasuiueuIWIMMTINIeFyy I Tiuandiudensrdinansznudenm
o ar 'U Q'I 3 J 1 o
dnyazvesdgyaniyld Taoia lmansznuvessiadanisn swinnneteniuiuegiv
nwuaImivesdygrafidutfonSouifousudunduvesrnamuandusaninisuig
* A e 3 -] o a1 I I A o
swinaudyaauasazdun nanfe Hidyapuiddiiuudiaifuaumndefioudy
td
AIUNAVVBINNUUANANYBINININITYIIN 1515 aazaNansEnuvesdadalen 18 ud
o o« da  Jd .5’ o L's ° ] o o o °
mndymnaILuaIaiganaty lunsimsisiuuusiassresdyana dadwm §
Hufisrnzdeniilymussdiadanlsn insaufada
1 4 ]
nWosuwsdmsasiudygialuiuiins 1FuuSnanay o wu lusmsdnin

i lRsdanlsn faszanalifu 1 us mnfinsMszuufemsasaeagiunimi

as \ v o L) é = 6" v
900 MHz 8@ 1831111 200 kbps Msdstiadoyaniiadass 1¥amau 5 us Tumnoar
£ d
lunidedadeyaudazfaduhovesdimine: lfudeusvduduvesindallegds 20%
Af P Y a a P A’ ) a ] - - «
winfiuins 1HuTmsaseuaguuSnana ity 1wy TuuSnaswies vielusuunmads
-3 s J v 9 [y : o v o A o o ’d
wsa nezlinmnndu Tammsiudeuiuvesdyanuszndieda wiedydnyaifosuuse
J : ] y o L3 fard
WAy seduluaaumsalisuiinindesmsaanansenuvesmsdeuiuduvesda nie
@ o sda o < e 9/ ' A v 7y Y s é’ & =] ar
dydnuaindadunsuiiudesszasmsdedandazinliviedunniu Fmnstenisaasas
nsdladoyatiues nafinanmeHiuNsTunuiuYedydnusifannynied
- J A o @ 9 ° -
wm ey tesfuilgmiifinamdfgdenininsuszaeulunisesnuuuiesnin

o [ ]

Sudygo u minlidesmsaadasinisdensfienszdestinimineesyfugldyind

P i . v b 4 ’ d”

{30091 Equalizer M1%38uAlaymunaril
Tumsnareuvesdygnusznitemniunaznadeiiideldonidgudnvaslu

a W J

vessatianlsa et lsamnsoit I8 Taelinedeiuladyanusuiad a,6(t) een uaz
MAsuasI9TuMIINTvesdyyuding s Aesenanumselfrssunsdedyaiaen
amilgm hdunTessuTnsdwilusasudlugiit 217 (n) mnglifuihadudyaramieu
l:; [ ar o 4' 1 =4 v | - :
wllfaimasusan 3 dunn Tasiudasidunefissoznnamen liviiu asiu
dygruduindveudazidunidudumedgamnehinfousu unsTat: hueundsn
as 1 [] &4« o da [ Y St A ‘ayda o ]
vesiggmvswsazduiietimniuniivuia limihiudas mamisafesueiiffe dedi
veulnAnm tues Sezuaasdyanuiisuldluglvewwasmvesdyanuduiadvousas

as

t 4
dunses IdUdgnnauiludeaunisae 1

b



h(7)= iai exp(— i, )5(1 - Ti) (2.59)

Tas  n fe Sndmdumavesdyau a,

a [ v d'

6, fiv ueuwaganazMaveIdyIUdUNN i

v v

2

]
% Y <

A a daa J .
7, f9 I'Jﬁ11]5::’N‘Yllﬂﬂ'llu‘llﬂ\iﬂﬂluiy’lﬂllﬁUﬂN‘n 1

o o { a 1 v d ' a J
Taoyia hldygnafidumevudumeiilnaniifeelisnanszds ¢ mnnd nae

[ d'u [ ~ - d': ' "
vinavesdyuniy1d o masuiinsiineundye a, idnidae ualuanminederun
" ' -~ ' 47 _ Y s -~ -~ = wa o v o
pdrsuluiioslny Wuiazfouvesing Ange wisemseniauauiaiuandieiuld
a 4

' ) ° ) a A o a4 a ' ' ) o - -
ADUVNNIN 7111'H1]'N‘Vlﬂauﬁﬂlumu'lmﬂlﬂuﬂ'l\’vlﬂﬁllﬁ53”')1\7“1\1“3%@]“ﬂ'lJN'J‘Y”Jﬂ'IS'(IﬂJlﬁU

] . .
a T - o <

¥
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TUsunsudmSunanauaus soULUBIsLUY MLC-FH-CDMA taz Tusunsusiaes

° ] o Y 4 o 1 ‘:
MR NIUYBIFOITYYIUMITINMITUULMINING- 159 sz1)szneudaeTusunsudade 1]

Tdsunsunan 1 Tdsunsu

- mlc_fh cdma_test.m

Tdsunsueges 13 Tusunsu
- mseq.m
- shift.m
- goldseq.m
- rx_filter.m
- mchirp_mod_hop.m
- compconv2.m
- Nakagami_Rice Fade.m
- delay.m
- random_wave_fade.m
- comb2.m
- chirp_despread.m

- chirp_demod.m



milc_fh_cdma_test.m

% mlc_fh_cdma_test. m(Main Program)

% Simulation Program of Multi Linear Chirp FH-CDMA System

clear

%**************************** Preparaﬁon part 3 e ke ok o ok s o ok ok o ol e ok 288 o e o s ok e e e afeofe o sl ok ok

st = 144000.0; % symbol rate[Symbol/Second](Follow W-CDMA Std.)
ml =1; % number of modulation levels

br =sr*mj; % bit rate(Bit/Second)

Ts =1/sr; % Symbol Period of 1 bit(Second)

nda = 2040; % number of symbol for all(by 1 User) : nda/nd=Integer
nd =255; % number of symbol per loop : nd/nh=Integer

sebn0 = 0; % Eb/No Starting

debn( = 2; % Distance between Eb/No

febn0 = 18; % Eb/No Starting

%********************** Spreading COde initialization e o 36 ok o 0 ok o o o e s e ok oo ok ok o ok ok ok ok

user = 5; % number of users

seq =1; % 1:M-sequence 2:Gold 3:Orthogonal Gold
stage = §; % number of stages

ptapl =[2348]; % position of taps for 1st

ptap2=[13538]; % position of taps for 2nd
regil=[11111111]; % initial value of register for 1st
regi2=[11111111]; % initial value of register for 2nd

O/p ko F Rk sk ok koo sk ok ok Generation Ofthe spreading COdC 30 3k 3 o 3 ok o ok o 3k e ofe o o ok ok e o e ke ok
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switch seq

case 1 % M-sequence
code = mseq(stage,ptap],regil ,user);

case 2 % Gold sequence
ml = mseq(stage,ptapl regil);
m2 = mseq(stage,ptap2,regi2);
code = goldseq(m1,m2,user);

case 3 % Orthogonal Gold sequence
ml = mseq(stage,ptapl,regil);
m2 = mseq(stage,ptap2,regi2);
code = [goldseq(m1,m2,user),zeros(user,1)];

end

code = code;

clen = length(code);

O/ ket e sk ek o sk ok ook okeske sk sk ok ok ok Inltlal Parameter ool 2 o e s sl o ok e ok S e o o 3 e o e o Sleake o ole e o e ok ok ke o e ke o

ncs =5; % Number Code per Symbol

Gp =2"ncs; % Gian Processing

nh = length(code)/ncs; % Number Hopping per Code set

TB =35; % Time-Bandwidth Product of 1 Hop
TTB =TB*Gp; % Total Time-Bandwidth Product

df =TB/Ts; % Bandwidth of 1 Hop[Hertz]

%% %% %% %% %% %%Sampling Rate Adaptation%%%%%%%%%%%%%%

fs =2.1; %Initial Resolution of Sampling Rate
fs = Gp*df*rfs; % Initial Sampling Frequency(rfs=2, follow Nyquist's Theorem)
T =fs*Ts; % Initial Number Sample of symbol Period[Sample]

if rem(T,(user+1))=0

rfs= rfs



fs=fs
T=T
else

intT= fix(T./(user+1))+1;
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T =intT*(usertl) % Actual Number Sample of symbol Period(Note:T/(user+1)=Integer)

fs =T/Ts % Actual Sampling Frequency

rfs = fs/(Gp*df)

end

%************************** Fadlng initialization o 3¢ 3 o o6 3k s ke e o6 3k 3k e o ok ok e o ke o ok e ok ok e ok

rfade =1;

itau = [fix(T/2),T];
divil =[10.0,40.0];
n0 =[6,7];

th1 =[0.0,0.0];
nowl =2;

tstp =1/sr/T/ncs;
fd =185

flat =1,

itndel =nd * T * ncs * 30;

%% % %% %% %% % %% Generated Band Pass Filter %%%%%%%% %% %% %% %%% %%

N =100;
bpf=FIR1(N,(2*Gp*df/fs));
Nr =50;
bpfr=rx_filter(Nr,Gp,TB,T);

% Rayleigh fading O:nothing 1:consider

% delay time

% attenuation level

% number of waves to generate fading

% initial Phase of delayed wave

% number of directwave + delayed wave

% time resolution

% doppler frequency [Hz](v=100km/h,f=2GHz)
% flat Rayleigh environment

% number of fading counter to skip

% Filter Order
% Transmit Filter Function
% Filter Order

% Multi Receive Filters

%*********************** START CALCULATION e e 2 o o o 3% ok 38 o o e e 3k 3k sk ok ok ok ok ok o e e sk e e o

nloop = nda/nd;

% simulation number of times



nebn0=1;
for ebn0=sebn0:debn0:febn0

noce =0; % Number of Chirp Error
nod =0; % Number of All Data
itndl =[3001,4004); % set fading counter

for ii=1:nloop

%*********************** Transmitter 26 3 ok 20 2 o e e 3 e ofe o s s 3 ok ke she s sk ok e ok ok ok e okeok ok sk ek

data = rand(user,nd*ml) > 0.5; %Generate Data

%%%%%%%%% BPSK & Chirp Modulation & Spreading %%%%%% %%
[me] = mchirp_mod_hop(data,user,nd,code,ncs,nh, s, T,df);

% Multi Chirp Modulation & Freqeuncy Hopping
%%% %% % %% %% % %% %% Transmission Filtering %%%%%%%%%%
qdata = zeros(1:len(mcl))

[mc1,QCH1] = compconv2(mc, gdata,bpf); % Tx. filtering

%%% %% %% % %% % %% %% Mixing %%%%%%%%%%%%%%%

ifuser==1 % transmission
mc2 = mcl((N/2)+1:length(mc])-(N/2));
else

mc2 = sum(mcl(;,(N/2)+1:length(mc1)-(N/2)));

end

Ofp FH kA E kAR R EA Rk Nk dokFkk Fadlng Channel e 2fe 3 o e 3 Sl she ke sk ok e e o e sk she ok 3 ok 3k s o o o e ol ok ok ok

qch=zeros(1,length(mc2));

if rfade == 0
mc3 = mc2;
else

[mc3,qche] = sefade(mc2,qch,itau,dlvll, th],n0,itnd]1, ... % fading channel
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nowl,length(mc2),tstp,fd,flat);
itndl = itnd1 + itndel;

end

%%%%%%%%%%%%%%%% AWGN %%%%%%%%%%%%%%%%
spowc = sum(rot90(me.*2)) / nd; % attenuation Calculation(MC)
attnc = sqrt(0.5 * spowc * sr/ br * 10°(-ebn0/10));
mc_qch3=zeros(1:len(mc3))

[mc4, mc_qch4] = comb2(me3, mc_qch3,attnp,attnc); % Add White Gaussian Noise

(AWGN)

%************************* Receiver 30 3 e ol ok e o o e ok 2 sk ofe 3 o 3 ok e ok e 3 o e ol ofe sl ook Ak ke ok ok ok

%%%%%%%%%% Receiver Filtering & Despreading%%%%%%%%

[mc5] = chirp_despread(mc4,code,bpfr, T,ncs,nh,user,nd,Nr);
% Rx. filtering

%%%%%%%%%%%%%%Demodulation & Estimation %%%%% %% %% %%%%
[cdemodata] = chirp_demod(mc5,code,Gp,T,df,ncs,nh,user,nd,fs);
% QPSK demodulation

%******************** Bit Error Rate (BER) 20 3 3 e s ke s ke 3 ok S o ok e ke ke ofe sk e ok s ok Sk sl koK ok

noce2 = sum(sum(abs(data-cdemodata)));
noce = noce + noce2;

nod2 =user * nd * ml;

nod =nod + nod2;
fprintf('%d\t%e\n',ii,noce2/nod2);

end

%**********************chon Data ke e 3 e 3k o o ok e s e o o Sk o o o o e ok ok ok ok o e ok o e ke ok ok ok
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berc = noce / nod;
fprintf('%d\t%d\t\t%d\n%e\n\n',ebn0,noce,nod,noce/nod);
Pberc(nebn0) = berc;
nebn0=nebn0+1;
end
fprintf{('Time Bandwidth Product of 1 Hop : %d\n',TB);
fprintf('Bandwidth of 1 Hop(Hz) : %d\n',df);
fprintf("'Symbol Period(Second) : %d\n',Ts);
fprintf('Bit Rate(bps) of 1 User : %d\n',br);
fprintf('Processing Gian : %d\n',Gp);
fprintf('Number of User : %d\n',user);
fprintf('Number of Data(Per Point) : %d\n\n',nod);
fprintf('Multi Path Fading Consider(1=Yes,0=No): %d\n\n',rfade);
disp('Bit Error Rate of Multi Chirp-FH-CDMA")
disp(Pberc);

Oy b e e e 3 e ke o s o e ok ol ke ok o s ok s se sk s ok ok ok ok ok ok end ofﬁle 30 23 e e e ke s e ok ok sk 3 e 3¢ 20 o s o e ke ok ofe sk ke e o e e sk ke ke sk



mseq.m

% mseq.m
%
% The generation function of M-sequence

%

function [mout] = mseq(stg, taps, inidata, n)

96****************************************************************

% stg  : Number of stages

% taps : Position of register feedback

% inidata : Initial sequence

%n  :Number of output sequence(It can be omitted)

% mout : output M sequence

96****************************************************************

if nargin < 4
n=1;
end

mout = zeros(n,2/stg-1);

fpos = zeros(stg,1);

fpos(taps) = 1;

for ii=1:2"stg-1

mout(1,ii) = inidata(stg); % storage of the output data

num = mod(inidata*fpos,2); % calculation of the feedback data
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inidata(2:stg) = inidata(1:stg-1); % one shifts the register
inidata(1) = num; % return feedback data
end
ifn>1
for i1=2:n

mout(ii,:) = shift(mout(ii-1,:),1,0);
end

end

%******************************** end Of ﬁle A 2k o 2k o o o o o ok s o ok s s e e e ohe ok ok ol o ok o e sk ol sk ok ok
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shift.m

% shift.m
%
% Shift the contents of the register.

%

function [outregi] = shift(inregi,shiftr,shiftu)

% e e s e b ofe ke e o o ok sk sk s s she o e e e ke ks o e Ao o ode e e e ke e ok ok o o ok sk e o e e ok ool ol ok ke ke o o ok ok ok ok ok sk sk ook ok

% inrege  : Vector or matrix
% shiftr  : The amount of shift to the right.
% shiftu  : The amount of shift to the top.

% outregi : Register output
g

% B 30 b e o s s o s ok ok s ok sk e ok o e ke ok ol o e e ke o o ok e o 3 s e sk e e e ke e o ok s sl ok e o s s ook o o o o ofe ok ok ok e ke ok ke ok ok

[h, v] = size(inregi);

outregi = inregi;

shiftr = rem(shiftr,v);
shiftu = rem(shiftu, h);

if shiftr >0
outregi(:,1 :shiftr) = inregi(;,v-shiftr+1:v =~ );
outregi(:,1+shiftrrv ) = inregi(;,1 :v-shifir);
elseif shiftr <0
outregi(:,1 :vtshiftr) = inregi(;,1-shiftrv =~ );
outregi(:,v+shiftr+l:v )= inregi(;,1 :-shiftr);

end

inregi = outregj;
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if shiftu > 0
outregi(l :h-shiftu,:) = inregi(1+shiftuh, :);
outregi(h-shiftu+1:h, ) =inregi(l  :shiftu,:);
elseif shiftu < 0
outregi(l  :-shiftu,:) = inregi(h+shiftu+1:h, :);
outregi(1-shiftu:h, :) = inregi(l :h+shiftu,:);

end

%******************************** Cnd Ofﬁle 3 3o ok sl e 3 o o obe Sk ok s o e ok e sk she sk sfe s e sl sl ke sk ok s ok ok ok
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goldseq.m

% goldseq.m
%
% The generation function of Gold sequence

%

function [gout] = goldseq(m1, m2, n)

% e 3k 2 2k ke ok ok sk ok sk ok s ke she ok 3 o ke A 3 o e ok ke sk 2be o sbe ok o she e o o 3l o o ke ok 3B ok o ok ok e ok ol e ok o sk B sk sleofe ok Sfe e she e o 3 ok e

% ml : M-sequence 1
% m?2 : M-sequence 2
% n : Number of output sequence(It can be omitted)

% gout : output Gold sequence

% ¥ A sk o o ok ke s 3 ok o ok e 2l o sbe ke 3 o sk ok o ok e o ol e o o ok ok e s o ol o ok ke o ok e o sk ale o ok sk e 3ol ok o ok ok ok ook ok o ok ke ok ek

if nargin < 3
n=1;
end

gout = zeros(n,length(m1));

forii=1:n
gout(ii,:) = xor(m1,m2);
m2 = shift(m2,1,0);

end

%******************************** Cnd ofﬁ]e a0 3 3 ke 3l o 3 ok e 3 o 3 ok o 3 ok ok ofe dfe ok dfe o e s e ok ok ke e e ok
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rx_filter.m

% rx_filter.m

% Multi Receiver Filter Program

function [fout]=rx_filter(Nrf,Gpf, TBf,Tf)

wn=2*TB{/Tf);

fout(1,:)=FIR1(Nrf,wn);

for j=2:Gpf
wl=(2*(G-1)*TB/TD);
w2=(2*(j*TBL)/Tf);
fout(j,:)=FIR1(Nrf,[w1 w2]);

end

%*!|=****************************** end Ofﬁ]e 3 2k ke 2l ok 2 ok e ofe Sk ok sk 3k e e 3l ok 3 o o o o ke o she sk 3k sfe she ok e e
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mchirp_mod_hop.m

% mchirp_mod_hop.m

% Multi Chirp Modulation & Freqeuncy Hopping Program

function [cout}=mchirp_mod_hop(dataf,userf,ndf,codef,ncsf,nhf, fsf, Tf,dff)
ncl=ndf/nhf; % Number code Loop
z=2.*[0:(ncsf-1)];

z=10190(z,2);

dfe=dff/(userf+1); % Freqgeuncy Division for User

Tc=Tf/(userf+1); % Time Division for User

for j=1:userf

tel=[1:j*Tc)/fsf; % Front Time
tc2=[1:(userf+1-j)*Tc)/fsf; % Back Time
ul=((userf+1-j)*dfc)/(tc1G*Tc)); % Front Slope
u2=G*dfc)/(tc2((userf+1-1)*Tc)); % Back Slope
for k=1:ncl

for i=1:nhf

cd=codef(j,(((i-1)*ncsf)+1):(((-1)*ncsf)+ncsf)); %Code Adaptive into Base 10
hf=sum(z.*cd);
fe=(hf*dff)+(dff/2); % Center Freqeuncy
if dataf(j,((k-1)*nhf)}+i)==1
scl=sin((2*pi*(fc-(dff/2)).*tc1)+(pi*ul.*(tc1.°2)));  %Front Chirp Signal of Data"1"
sc2=sin((2*pi*(fcH(dff/2)-(*dfc)). *tc2)H(pi*u2.*(tc2.42)));
%Back Chirp Signal of Data"1"
else

scl=sin((2*pi*(fe+(dff/2)).*tc1)Hpi*(-ul).*(tc1.72)));
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%Front Chirp signal of Data"0Q"
sc2=sin((2*pi*(fc-(dfff2)+(j*dfc)). *tc2)+(pi*(-u2).*(tc2.42)));
%Back Chirp signal of Data"0
end
sc(i,1:G*Tc)) =scl;
sc(1,G*Te)+1:(userf+1)*Tc)=sc2;
end
cl(k,:)=reshape(sc',1,(nhf*Tf));
end
cout(j,:)=reshape(cl’,1,(ncI*nhf*Tf));

end

%******************************** end Of ﬁle 3 3% e sk 3l she e e e o s ke o 3 e sk e ok ok e o o o ok ok sk sk ok e oke o
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compconv2.m

% compconv2.m
%
% Function to perform convolution between signal and filter

%

function [iout, qout] = compconv2(idata, qdata, filter)

% e e ode s e ofe o e sk ol b oo o s sl ok o sk ol e s e sl B ofe i e sk e s e ok o o o o ok o o s ok ok o ok ok ok ok sk ook ook sk ok ok ek ok ok

% idata :ich data sequcence

% qdata :qch data sequcence

% iout :ich output data sequence
% qout :qch output data sequence

% filter : filter tap coefficience

% ek el o e e e e ok ke ke desle ok sk o s ek e e o e ke o ok o st sk ok e e o ok e e s sk o 2k ok ok o o ok ke e sk sk o e s ofe o ok s ok s ok ok sk

iout = conv2(idata,filter);

gout = conv2(qdata,filter);

%******************************** Cnd Ofﬁle e 3 e s o ok o sle ke o o s ok e ok o 3l o o sk she ke ok ok ok sk ok o sk ok ke ok



Nakagami_Rice Fade.m

% Nakagami_Rice_Fade.m
%
% This function simulates Nakagami-Rice fading channel

%

function[iout,qout,ramp,rcos,rsin]=scfade(idata,qdata,itau,dlvl,th,nO,itn,n 1,nsamp,tstp,fd,flat)

96******************Vaﬁabhs*************************

% idata input Ich data

% qdata input Qch data

% 1out output Ich data

% qout output Qch data

% ramp : Amplitude contaminated by fading

% rcos : Cosine value contaminated by fading

% rsin : Cosine value contaminated by fading

% itau : Delay time for each multipath fading

% dlvl : Attenuation level for each multipath fading

% th :Initialized phase for each multipath fading

%n0 : Number of waves in order to generate each multipath fading
% 1tn  : Fading counter for each multipath fading

%nl :Number of summation for direct and delayed waves
% nsamp : Total number od symbols

% tstp : Mininum time resolution

% fd : Maxmum doppler frequency

% flat  flat fading or not

% (1->flat (only amplitude is fluctuated),0->nomal(phase and amplitude are fluctutated)

O A 3 e e e ke s s o e b b s e o o e abe sk s ke s s o e ok sk e o sk o ok ok s st ok sk ok sk e o e ok ook skl ok

iout = zeros(1,nsamp);

qout = zeros(1,nsamp);
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Adirect=10.7( -0.05 .* 0.0);

total_attn = sum(10 .A( -1.0 .* dIvl ./ 10.0))+Adirect;
iout = idata .* Adirect

qdata = qdata .* Adirect

fork=1:nl

atts = 10.4( -0.05 .* dlvi(k));

if dlvi(k) >= 40.0

atts = 0.0;

end

theta = th(k) .* pi ./ 180.0;

[itmp,qtmp] = delay ( idata , qdata , nsamp , itau(k));

[itmp3,qtmp3,ramp,rcos;rsin] = random_wave_fade (itmp,qtmp,nsamp, tstp,fd,n0(k),itn

(k),flat);

lout = iout + atts .* itmp3 ./ sqrt(total attn);

qout = qout + atts .* qtmp3 ./ sqrt(total attn);

end

% ************************end ofﬁle***********************************
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delay.m

% delay.m
% Gives delay to input signal
%

function [iout,qout] = delay( idata, qdata , nsamp , idel )

%****************** Variables ek ke ok ok ok ok 3 3k ok o ok 3k sk ke sk ok e ook ke ke ok ok ok

% idata input Ich data

% qdata input Qch data

% iout output Ich data

% qout output Qch data

% nsamp Number of samples to be simulated

% idel Number of samples to be delayed

%******************************************************

iout=zeros(1,nsamp);

qout=zeros(1,nsamp);

ifidel ~= 0
iout(1:idel) = zeros(1,idel);
qout(1:idel) = zeros(1,idel);

end

iout(idel+1:nsamp) = idata(1:nsamp-idel);

qout(idel+1:nsamp) = gdata(1:nsamp-idel);

% ************************end Ofﬁ]e***********************************



random_wave_fade.m

% random_wave_fade.m
%
% Simulate random Wave fading

%

function [iout,qout,ramp,rcos,rsin}=fade(idata,qdata,nsamp,tstp,fd,no,counter,flat)

96******************vaﬁabks*************************

% idata input Ich data

% qdata : input Qch data

% iout : output Ich data

% qout : output Qch data

% ramp : Amplitude contaminated by fading
% rcos : Cosine value contaminated by fading
% rsin : Cosine value contaminated by fading
% nsamp : Number of samples to be simulated
% tstp : Minimum time resolution

% fd : maximum doppler frequency

% no :number of waves in order to generate fading
% counter : fading counter

% flat : flat fading or not

% (1->flat (only amplitude is fluctuated),0->nomal(phase and amplitude are fluctutated)

96******************************************************

iffd~=0.0

ac0 = sqrt(1.0 ./ (2.0.*(no + 1))); % power normalized constant(ich)
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as0 = sqrt(1.0 ./ (2.0.*no)); % power normalized constant(qch)

ic0 = counter; % fading counter

pai = 3.14159265;
wm = 2.0.*pai.*fd;
n=4*no +2;

ts = tstp;

wimts = wm. *ts;

paino = pai./no;

xc=zeros(1,nsamp);
xs=zeros(1,nsamp);

ic=[1:nsamp]+ic0;

fornn=1:no
cwn = cos( cos(2.0.*pai.*nn./n). *ic. *wmts );
Xc¢ = xc + cos(paino.*nn).*cwn;
xs = xs + sin(paino.*nn).*cwn;

end

cwmt = sqrt(2.0).*cos(ic.*wmts);
xc¢ = (2.0.*xc + cwmt).*ac0;

xs = 2.0.*xs.*as(;

ramp=sqrt(xc.”2+xs.72);
rcos=xc./ramp;

rsin=xs./ramp;

if flat ==
iout = sqrt(xc.”2+xs.*2).*idata(1:nsamp); % output signal(ich)
qout = sqrt(xc."2+xs.#2).*qdata(1:nsamp); % output signal(qch)

else
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iout = xc.*idata(1:nsamp) - xs.*qdata(1:nsamp); % output signal(ich)
qout = xs.*idata(1:nsamp) + xc.*qdata(1:nsamp); % output signal{qch)

end

else .
out=idata;
gout=qdata;

end

O FRBAIAd kAR AR AR KRR K oy ] f fjleghFHHH Ak sdstdok ok Aok sk ok ook ek ok ok
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comb2.m

% comb2.m
%
% Function to add white gaussian noise

%

function [iout, qout] = comb2(idata, qdata, attnpf,attncf)

%****************** Variables o e ofe e ok e ok o o ok e o e o ok o e o o o o o ke e ok

% idata : input Ich data
% qdata : input Qch data
% iout output Ich data
% qout output Qch data

% attn : attenuation level caused by Eb/No or C/N

%******************************************************

v = length(idata);

h = length(attnpf);

iout = zeros(h,v);

gout = zeros(h,v);

for ii=1:h
iout(ii,:) = idata + randn(1,v) * attpf(ii);
qout(ii,:) = qdata + randn(1,v) * attmcf{(ii);

end

%******************************** Cnd Ofﬁle 33 3 e ke e o o 3 o sk o e ofe sfe sfe e she s sk o e ofe sk sk ke ke ok ke ke ok



chirp_despread.m

% chirp_despread.m

% Despreading Program for FH-CDMA

function {cout}=chirp_despread(cin,codef,bpftf,Tf,ncsf,nhf,userf,ndf,Nrf)

ncl=ndf/nhf; % Number code Loop
z=2.*0:(ncsf-1)];
z=10t90(z,2);
for j=1:userf % Processing User by User
cinl=reshape(cin(j,1:ndf*Tf),(nhf*Tf),ncl);
cinl=cinl";
for k=1:ncl % Processing Hopset by Hopset
cin2=reshape(cinl(k,1:nhf*Tf), Tf nhf);
cin2=cin2';
for i=1:nhf % Band Pass Filtering Symbol by Symbol
cd=codef(j,(((i-1)*ncsf)+1):(((i-1)*ncsf)+ncsf)); %Code Adaptive into Base 10

hf=sum(z.*cd); % Hop Freqeuncy Layer No.(0-(Gp-1))
bpf=bpfrflhf+1,:); % Select BPF
coutl=conv2(cin2(i,:),bpf); % Filtering

cout2(i,:)=coutl (Nrf/2)+1:length(coutl)-(Nrf/2)); % Cliping Top&Bottom of signal
end
cout3(k,:)=reshape(cout2',1,nhf*Tf);
end
cout(j,:)=reshape(cout3',1,ndf*Tf);

end

%******************************** cnd Ofﬁle 34 e s 2 s o e e o e o e o ok sk o o o ook ofe ok ok o o ok o ook ok ok ok
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chirp_demod.m

% chirp_demod.m

% Demodulation & Estimation Program of Multi Linear Chirp FH-CDMA
function [cout]=chirp_demod(cin,codef,Gpf, Tf,dff,ncsf,nhf,userf,ndf,fsf)
ncl = ndf/nhf; % Number code Loop

t=[1:Tf]/fsf; % Time of Signal

z =2.[0:(ncsf-1)];
z =r1ot90(z,2);

dfc = dff/(userf+1); % Freqeuncy Division for User
Tc = Tf/(userf+1); % Time Division for User
for j=1:userf
for c=1.Gpf
tcl = [1:j*Tc)/fsf; % Front Time
tc2 = [1:(userf+1-)*Tcl/fsf; % Back Time
ul = ((userf+1-))*dfc)/(tc1(*Tc)); % Front Slope
u2 = (j*dfc)/(tc2((userf+1-5)*Tc)); % Back Slope
fc = ((c-1)*dff)+(dff/2); % Center Freqeuncy

Rcfl = sin((2*pi*(fc-(dff/2)).*tc1 +(pi*ul.*(tc1.72)));
%Front Chirp Signal of Data"1"
Rcbl = sin((2*pi*(fcHdff/2)-(j*dfc)). *tc2)+H(pi*u2.*(tc2.72)));
%Back Chirp Signal of Data"1"
Ref0 = sin((2*pi*(fcH(dfF2)). *tc1)Hpi*(-ul).*(tc1./2)));
%Front Chirp signal of Data"0"
Reb0 = sin((2*pi*(fe-(dff/2)+Hj*dfc)). *tc2)+(pi*(-u2). *(1c2.42)));
%Back Chirp signal of Data"0"
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Rcl(c,1:(G*Tc)) = Refl; % Chirp Reference Signal of Data"1"

Rel(c,(j*Tc)+1:(userf+1)*Tc) = Rebl;

Rc0(c,1:(G*Tc)) = Ref0; % Chirp Reference Signal of Data"0"

Rc0(c,(j*Tc)+1:(userf+1)*Tc) = Rcb0;

end

cinl=reshape(cin(j,1:ndf*Tf),(nhf*Tf),ncl);

cinl=cinl’;

for k=1:ncl % Processing Hopset by Hopset
cin2=reshape(cinl (k,1:nhf*Tf), Tf nhf);
cin2=cin2';

for i=1:nhf

cd=codef(,(((i-1)*ncsf)+1):((G-1)*ncsf)+ncsf)); % Code Adaptive into Base 10

hf=sum(z.*cd); % Hop Freqeuncy Layer No.(0-(Gp-1))
Ccl=Rcl(hft+1,:).*cin2(i,:); % Cross Rx Chirp Signal'l' with Basis Function
Cc0=RcO0(hf+1,:).*cin2(,:); % Cross Rx Chirp Signal'0’ with Basis Function

incl=trapz(Ccl); % Intigrating Cross Product

incO=trapz(Cc0); % Intigrating Cross Product

if inc1>=incO % Chirp Estimation
coutl(k,i)=1;
else
coutl (k,1)=0;
end
end
end
cout(j,:)=reshape(coutl’,1,ndf);

end

%******************************** Cnd Ofﬁle 3k s 3 3k sk ok ot e 3 sk bk 2fe 3k sk e e ke e 3 2k e she e sk e ok she sk e ke ok ke
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Collision Problem Solving in FH-CDMA by Multi
Linear Chirp Technique

Phichet Moungnoul, Surachate Disapirom, Sutouch Junpong, Tawil Paungma

Faculty of Engineering and Research Center for Communication and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Chalongkrung Road, Bangkok 10520, THAILAND
Phone: +66-2-3264242, Fax: +66-2-3264554, E-mail: phichet(@telecom.kmitl.ac.th

ABSTRACT

This paper proposes a new modulation technique for
Frequency Hopping Code Division Multiple Access (FH-
CDMA) system for solving the collision problem and
improving the system performance. The FH system uses a
small part of the bandwidth when it transmits, but the
location of this path differs in time. When the collision
problem occurred, there is more than one signal from
different users assigned to use that small part of
bandwidth at the same time. So, at the receiver, the
demodulator cannot estimate the correct value of data bit
for each user. This paper presents the use of Multi Linear
Chirp (MLC) technique, which can solve the collision
problem and increase the performance of the FH-CDMA
system. For the result, the performance of the proposed
technique are compared with the frequency shift keying
(FSK) FH-CDMA and presented m form of Bit Error
Rate (BER).

Keywords: Multi Linear Chirp, FH-CDMA, Collision

1. INTRODUCTION

Various kinds of CDMA, there are two of them,
which are frequently used: Direct Sequence CDMA (DS-
CDMA) and Frequency hopping CDMA (FH-CDMA). In
the RADAR system, there are many modulation
techniques which have been used e.g. continuous wave
(CW), Linear Frequency modulation (LFM or Linear
Chirp), Non-linear frequency modulation (NLFM) and V-
frequency modulation (V-FM) [1]. Linear Chirp is one of
the most popular modulation methods because of its
ability of Interference rejection [2]. Chirp modulation was
introduced by Winkler in 1962. After that, Linear Chirp
technique was continuously applied in many areas of
wireless communication and radar system.

2 FREQUENCY HOPPING-CDMA SYSTEM AND
COLLISION PROBLEM

In the general FB-CDMA, BFSK technique has been
used as the modulation technique. In this system, 2
sinusoid signals with different frequencies are used as
data bit ‘1> and ‘0.” Both signals must be in the data
modulation band or frequency hop band (Wy). A PN code
pattern must be generated identically for cach uscr. It can
be divided into intervals of length k and this code in the
interval are used to synthesize the frequency of BFSK

signal according to the frequency level 1. By this way,
the frequency band W, will hop by the sub code in each
interval of PN code. This relation can be expressed by the
formula shown below.(2]

fch =fdll+(ln—1)WJ’ I,,, =1,2, ...... ,L (1)

L=2* @
Where 1, is hop level of user m, Lis number of all

hop levels, £, is center frequency of hop band and S

is center frequency of hop level 1. All hopping

frequencies of W, are in the spread spectrum band (W),

which their relations can be expressed as shown next[3].
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Fig. 1: Signal of BFSK-FH-CDMA system in time-
frequency domain and represent collision problem in user
Aand B
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v,
G == (3)
1 4 W‘
Where G, is processing gain, W, is spread spectrum
band, W, is data modulation band, k is number of code
bit in hop duration. There is a problem, which always
occurs when there are many users in the system that is a
collision problem [4]. The reason, why this problem
occurred is, when there are many users in the system, the
code, which is used to synthesize the frequency, of two or
more users are the same at some periods. So, at that
period, there are two or more data bit signals hopped into
the same data modulation band (wg). For example, as
shown in Fig 1, definc the data patten and PN code
Pattern of length k = 3 of user A are ‘11101’ and ‘110
111 101 011 101" respectively. And so on, The data
pattern and PN code Pattern of user B are ‘01010" and
‘011 111 001 011 110’ respectively. From the example, it
notices that, at time period T2 and T3, The interval codes
are the same. At period T2, The result of collision may be
negligible, because the data bits of both users are the
same. So, at the receiver, the estimated data bits are
correct. But for the period T4, The users’ data bit are
differences. So, at the receiver, the demodulator may
make a wrong decision in estimating the data bit for one
or both users.

3 MULTI LINEAR CHIRP FH-CDMA

31 Multi Lincar Chirp Modulation

) This technique, a linear chirp signal is compressed
with 2 compression rates. In another words, each signal is
characterized by two different slopes as shown in Fig. 2.
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Freqeuncy
-
9
3 -
e ]
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Fig. 2: Signal of multi linear chirp modulation in time-
Jrequency domain for 7 users

One for each of the two half’s of the hop bit duration or
hopping period (Ty) in Frequency Hopping CDMA
system. The front slope or the slope of Chirp signal in the
first half of signal duration is represented by py and. the
back slope is py. This signal is varied on the time-
bandwidth scale by varying the values of pand p. First,
the data modulation band (W,) and hop bit duration (Ty)
are divided into m+! intcrval. Each interval has a

99

bandwidth of Af and time interval of T.. By the values of
Af and T, the values of pg and py, can be varied to 2m
sets,'m scts of positive slope (up chirp) for data bit ‘1’
and m sets of negative slope (down chirp) for data bit ‘0’
So, for m users, each user will have its own two levels of
compression (slope) signal. The users have their own
pattemn of signal, so the receiver can easily separate the
data bit of each user even they are in the same hopping
frequency at the same time. Another key factor of MLC
modulation is time-bandwidth product (TB). This product
represents the area of frequency sweeping. The relation of
this product to the other factors is shown below(3].

TB = (M +1)T4f @
Where 7B is Time-bandwidth Product, A/ is Number of
user and Af is Separation frequency

32 MLC-FH-CDMA System Design

Because of the collision problem, so, the receiver in
the traditional FH-CDMA cannot separate the data bit of
different users, which coming in the same synthesized
frequency at the same time. This paper, the Multi Linear
Chirp QMLC) technique is proposed as a new modulation
technique instead of BFSK technique because of the good
advantage that it can provide the unique pattemn of signal
for each user. To generate the MLC-FH-CDMA signal,
the center frequency of hop band (f), in equation (1), is
adjusted according to the PN sequence of each user. This
process can express in form of the equations as shown
below.[1]

< M
> 2Pt —nT)s, () )
ne—w m-1

S (1) = S5 (1) +5,,5.(8) )
S0 = AcOS[Zzz( Son+ (l.. -1 —%}W ,} + b(t)/zﬁ_,,uz] ’
0<t<mT, )

M +1-m)Af g
v’ mT ®

<

1450 -
i 2n(f,,,,+(l,, I+ 5 )W, WOmAS [(1-mT)

+ 5O, 2t ~mT,)

yml, St<T, )

H =W—;”1A_f7)i (10)
L= (MT:» M) an
et a2

1 Data bit is"” 1( up chirp)
b(t)= <1<T,
/ - 1, Data bit is "1'( down chirp) h

Where u,is front chirp slope of user m, u,, is back
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chirp slope of user 11, m is user sequence, T}, is hop bit
duration, T is separation time and p(f) is unit amplitude
. pulse of duration 7,

Dula Sowrcs.
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Fig. & Block diagram of MLC-FH-CDMA system (a)

Transmitter and (b) Receiver
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Fig. 4: (a) BFSK Demodulator [5] and (b) MLC
Demodulator for user sequence m

The process as of the proposed system can be
described by block diagrams shown in F ig 3. This system
consists of two parts, transmitter part and receiver part. In
the receiver part, the MLC demodulator has a correlator
with different signal patterns to be references for each
user. The symbols ¢y, and oy, in fig 4 are the references
of data bit “1” and bit ‘0, respectively, for user m. This is
a main point that differ from the BFSK demodulator
which has only 2 references, ¢, for data bit ‘1’ and ¢o for
data bit “0,” as shown in Fig 4. In Fig 5, the despreading
signal which must be sent to compare with the references
and estimate the data bit value at the demodulator, is
shown. It is shown that the patterns of signals of user A

100

and B are obviously difference. So, the value of data bit
of each user can be estimated correctly.
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Despreading signal
Fig. 5 Signal of MLC-FH-CDMA system in time-
Jrequency domain and represent solution of collision
problem in user A and B

33 Performances of MLC-FH-CDMA system

Multi  Linear  chirp modulation is binary
communication system, so, the performance of the system
can be expressed by the equation as shown below.

P Q[ ea—p,)J

13)
20
Where P, is probability of error, is Gaussian

distribution function, £ is average signal energy, o, is

signal correlation coefficient and &% is variance. From
the equation, the performance of the system is dircctly
dcpended on factor p, (Pex p,). And from [6], we realize

- that p, will increase when the Time-Bandwidth Product

decreases and when the number of user (m) increases. So,
two factors must be considered as the performance factor.

4. SIMULATION RESULTS
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Fig. & Probability of error for MLC-FH-CDMA and
BKSF-FH-CDMA with different time-band product and
1O users

Fig. 7: Probability of error for MLC-FH-CDMA and
BKSF-FH-CDMA with different number of user and time-
bandwidth =7
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Fig. 8 Probability of error for MLC-FH-CDMA and
BKSF-FH-CDMA on Multipath fading channel with
different number of user and time-bandwidth = 5

This paper, we simulate the BFSK-FH-CDMA and
MLC-FH-CDMA system with Processing gain equal to
32, i.e. the number of code bit in hop duration (k) equal to
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5. The length of PN code used in this simulation is 255
and the m-sequence algorithm is used to generate the
code at the receiver. The demodulator with a correlator is
used. Both systems are simulated on AWGN, which the
results are shown in Fig 6 and 7, and on Multipath Fading
Channel with Maximum Doppler Shift equal to 185 Hz,
which the result is shown in Fig. 8. From Fig. 6, Time-
Bandwidth Product makes no effect to BFSK-FH-CDMA
system. But, when compare between BFSK and MLC, the
performance of MLC is better at every value of TB and it
much better at the high value of TB. Fig. 7 shows the
effect of number of users. Number of users affects both
BFSK and MLC system. When number of user increase,
the performances of both BFSK and MLC decrease.
However, at every numbers of users, the performance of
MLC system is better. On multipath fading channel in Fig
8, the performance of both systems decrease, but all main
characteristics of the systems are the same such as the
performance is down when the number of users increase
and the performance of MLC is still better.

5 CONCLUSION

All the results conclude that the new modulation
technique, multi linear chirp modulation, give the better
performance (lower Bit Error Rate) than the traditional
technique, BFSK modulation, for Frequency Hopping
CDMA system. This dues to the ability to generate a
unique signal pattemn in the data modulation band for
each user. So, the probability of error when occur the
collision problem is decrease. The system parameters that
must be considered are Time-Bandwidth Product and
number of users. The performance of this system will
increase when the Time-Bandwidth Product mcrease or
when the number of users decrease.
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