ISSN 2354-0575

ANy,
)
O Ve,

o,

%, @
“onyg oow

THIET KE MO PHONG BO PIEU CHE VA GIAI PIEU CHE
VI TRi XUNG HON LOAN PA BIEU TUQNG

Alpy
NG LA Pry
i 4
%
7 A
s &
W oy g

Nguyén Qube Trung, Pham Ngoc Thfmg
Truong Pai hoc Su pham Ky thudt Hung Yén

Ngay toa soan nhan dugc bai bao: 22/01/2018
Ngay phan bién danh gia va sutra chira: 25/02/2018
Ngay bai bao dugc chap nhan dang: 27/02/2018

Tom tat:

Hién tuwong hén loan (chaotic) da duoc biét dén tir cudi thé ky 19 nhung chi thuc sy nhan duoc sy
quan tém nghién ciru manh mé boi cong dong khoa hoc trong nhitng nam gan ddy véi hang loat céng trinh
céng bé trong dé cé linh vue dién tir va truyén thong. Trong hon hai thdp ky tré lai day, cdc nghién ciru iing
dung hon loan trong linh vuc nay chii yéu theo ba hwéng chinh la bdo mdt, iing dung trong thong tin trai
pho va diéu ché/gidi diéu ché sé. Bai bdo nay trinh bdy gidi phap thiét ké mé phong sé bo dleu ché/gidi diéu
ché vi tri xung vmg dung hon loan két hop da biéu twong dinh hwéng img dung trong truyén thong bang siéu
réng (Ultra Wide Band). Céc két qua mé phong sé cho thdy viéc nang cao ti 1¢ 16i bit qua kénh nhiéu, cai

thién tinh bao mdt va tinh kha thi cua giai phap.
T khoa: Chaotic, CPPM, UWB, Modulation.

1. Pit véan dé

Nhu ta di biét su phat trién cia k¥ thuat
truyen thong da trai qua nhiéu phuong phap diéu
ché khac nhau. Nhin chung cc phuong phép diéu
chéva giai diéu ché duoc thuc hién trén cac tin hiéu
song mang dang hinh SIN. Piéu ché va giai diéu
ché voi song mang hinh SIN di va dang duoc sir
dung rong rdi ¢ cac tan s khac nhau véi cac ting
dung khac nhau. Nhitng nghién ctru gin day nhat
da dua ra cac phuong phap diéu ché dua trén song
mang c6 dang phuc tap va khong cé chu ky. Céc
tin hi¢u khong c6 chu ky nay dugc sinh ra bdi cac
bd dao dong co trang thai khong on dinh, d6 1a cac
hé hdn loan [1, 2, 3, 11]. Didu ché va giai diéu ché
dung tin hiéu hdn loan lam soéng mang htra hen tao
ra budc ngoat 16n trong k¥ thuét truyén thong trong
tuong lai gan boi cac wru diém ctia n6 nhu: bao mat
thong tin, phd rong, didu ché tin tirc trén cac hé
phirc tap nhiéu chiéu ... [4, 7, 10, 12].

Cac phu’o’ng phap diéu ché/giai diéu ché sd
va trai pho chudi truc tlep hdn loan da dugc nghién
ctru cho thong tin s trong nhitng nim qua nhin
chung van dang con ton tai mot sd van dé sau [1, 5,
6,8,9,13,14, 15]:

+ Dong bd hdn loan qua kénh truyén thyc té
1a rat kho khan.

* Su bu trir gitta muc d§ bao mat va tinh kha thi.

« Hiéu suét bang thong thap.

« Han ché trong viéc dich chuyén dai tan sb
phat mong mudn.

Tuy nhién ciing c6 rat nhiéu nhitng wu diém nhur:

» Kha nang déng bo hon loan tw dong ma
khong can giao thirc bét tay ddc biét nao. Mdi xung
nhén dugc vira mang thong tin lai vira dong vai tro
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nhu xung d4nh déu dong bo. Bén phia giai didu ché
chi cin xac dinh dung hai khoang cach xung lién
tiép dé thiét 1ap va duy tri ddng bd. Do d6 ma tinh
kha thi cta phuong phap CPPM (Chaotic Plulse
Position modulation) kha cao. Ty 1& 13i bit qua kénh
nhiéu 14 kha thép.

* Tinh bao mat cta phuong phap CPPM
duoc cai thién dang ké so v6i cac phuong phap diéu
ché hén loan khong lién két.

* CPPM dugc nghién ctou su dung trong
truyén thong bing siéu rong (UWB).

Trong d6 cac xung voi do rong si€u hep
duoc diéu ché vi tri hdn loan va duoc phat truc tiép
trén kénh truyén. Dudi ddy s& trinh bay mot giai
phép thiét ké bo diéu ché/giai diéu ché CPPM.

2. Pidu ché vi tri xung hdn loan (CPPM)
2.1. Nguyén ly cia CPPM

Chung ta gia thiét chudi xung hén loan c6
biéu thie toan hoc nhu sau:

U(t)=§0w(t—rj) 0

Trong d6 w(t —t) la dang song cua xung dugc sinh
¥’ T, v6i T, 1a khoang thoi
gian gitra gilta xung thtr n-1 va xung thur n.

Gia tri T la két qua ciia ham phi tuyén
T =F(T -1). Béng cach chon ham phi tuyén F(.) véi
cac gia tri tham sb thich hop, T, s€ thay d6i mot
cach hon loan va nhu mot gia tri ngau nhién.

O phia diéu ché, théng tin nhi phan duoc
diéu ché 1én tin hiéu song mang hdn loan nhd co
ché chén thém tré nhu sau:

T, =FT, -1)+d+mS, 2)

ra tai thoi diém t, =
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S, chinh la gia tri cua bit thong tin nhi phén:
S nhan 2 gia tri la 0 va 1. Tham so d 1a mot tham
so tré ¢b dinh cuia hé thong Tham sb nay bét bude
can trong qua trinh trién khai diéu ché va giai diéu
ché [1]. Tin hiéu da dugc diéu ché chinh 1a tin hiéu
truyén di nhu sau:

v =3 W= 3 T) 3

O phia giai diéu ché, tham s6 d, m va F()
dugc dong bd hoan toan voi khdi diéu ché. Mdi mot
xung t&i s& vira mang thong tin vé mot bit vira kiém
soat qué trinh ddng bo phia giai didu ché. Khi trang
thai dong b cua hé théng CPPM duoc duy tri, gia
sit bo giai diéu ché nhan dwoc dung thong tin vé
khodng thoi gian tré T, trude d6, S s& dé dang
dugc giai diéu ché va thu lai theo biéu thuc sau:

S,=(T,—K(T, )—d/m 4)

Tu gia tri cua S , bit thit n dugc xac dinh va

ngudn thong tin nhi phan duoc khoi phuc.

2.2. Céu tric ciia CPPM
2.2.1. Diéu ché

biéu ché CPPM duogc thuc hién theo cAu
truc Hinh 1.

» B so
»| sanh
_» Bo tich| | Khoi tao
phin ¥l S&H ¥l F(x) xung
b
. =
i@ m
B‘!E“? | =
che tre s
¥
Tin hiéu CPPM DL nhi
truyén di Phaf'
nguon

Hinh 1. So d6 khéi diéu ché CPPM
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Trong so d0 Hinh 1, bg tich phan dwa ra dau

ra mot dién ap ting tuyén tinh:
CVO=B-It-t) ®)

Tai khoi so sanh, dién ap nay dugc so sanh
v6i dién ap ngudng duoc tao thanh tir khdi bién doi
phi tuyén F(x). Ngudng F(V ) duoc sinh ra béng
bién ddi phi tuyén gia tri V_da duoc ldy mau va luu
lai tir chu ki trudc trong khdi S&H. Khi V(t) dat t6i
gia tri ngudng, bd so sanh kich hoat b tao xung tai
thoi diém t,,, = ¢,+ BF(V,). V&i xung dugc tao ra
(tin hiéu xung hdn loan), bd phat dir liéu s& cap nhat
bit thong tin dwoc truyén.

Xung dugc sinh ra tac dong téi khoi nguon
dé cap nhap bit tiép theo can truyén. Tty thudc vao
thong tin clia bit ndy ma khoi diéu ché tré quyét dinh
xem xung dugc tré di mot khoang 1a: d + mS . Do
d6 xung truyén di s& dugc phat ra tai thoi diém:

t, =t +BF(V)+d+mS_ (6)

Sau d6, xung da dugc diéu ché tac dong 1én
khdi S&H va reset bo tich phan. Mot chu trinh méi
lai bt dau va bit ké tiép ciing duoc diéu ché theo
cach tuong tu. Chiing ta c¢6 duoc chudi xung CPPM
& dau ra cta khoi didu ché .

Nhu vay, khoang thoi gian gitta xung thu
n+1 va thit n duge xdc dinh bai biéu thie:

T =t~ =PF@'T)+d+mS . (7)

Biéu thirc (7) cho thay T, ., phu thugc vao T,
va ham phi tuyén F(.). Do d6 chon ham phi tuyén
F v6i cac tham s6 hop 1y, T s& bién d6i hdn loan.

2.2.2. Giai diéu ché
Giai diéu ché CPPM duoc thyuc hién theo cau
trac Hinh 2.

h 4

Tin higu thu dwgc

B trir
4
Khoi
¥ s&H2 phue
bit
T » Bo so
p| sanh
Khaoi tao |,
xung
\—b Khoi chon | Khoi so sanh Dix liéu
- H - 2
clra 50 ngudémg nguon

Hinh 2. So d6 khéi gidi diéu ché CPPM
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Trong so dd Hinh 2, cac khéi tich phan,
F(.), S&H va khdi tao xung duogc thiét ké gidng hét
nhu phia diéu ché. Tai dau vao cta bén giai diéu
ché, chudi xung CPPM duogc dua qua khéi so sanh
ngudng. Khi tin hiéu vuot qua gia tri ngudng, mot
xung hep chit nhat dugc sinh ra boi khdi nay. Xung
dugc sinh ra trude tién tac dong toi khdi S&H 2
nham luu lai gia tri F (V) tir gia trj dau ra ciia ham
F(.), sau d6 n6 tac dong tdi S&H 1 nham luu lai gia
tri cua bo tich phan luc do V | va cudi cung reset
bd tich phan. Hai gia tri ducc Iuu trlt nam trong
2 khdi S&H dugc dua vao bd trir. Gia tri sau bd
trir néu nho hon gia tri tham chiéu (d+m/2) thi bit
nhan duoc 1a 0, néu 16n hon gia tri tham chiéu thi
bit nhan dugc 1a 1.

Mot phan quan trong trong co ché niy chinh
1a khéi chon cira sb. Mot khi bén giai diéu ché thu
duogc 2 xung lién tiép dung, n6 hoan hoan cé thé du
doan dugc thoi diém sém nhat ma xung tiép theo
¢6 thé dén. Piéu d6 c6 nghia 13 ta hoan toan co6 thé
dong dau vao cua khdi giai diéu ché nay cho téi
trude thoi diém sém nhét d6. Theo nhu so do thi
ctra s6 nay s& duoc didu khién boi dau ra cia khdi
so sanh. Cira s6 néy s& mo tai thoi diém:
t,+BFV,) (®)

3. Piéu ché vi tri xung hn loan da biéu twong
(M-ary CPPM)

Khi sir dung CPPM, véi mot ti s6 E/N, du
16n thi hé¢ thong hoan toan dat dugc BER téi 10 X So
v6i cac hé théng thong tin truyén thong thi khong
cao hon nhung néu so véi cac phuong phép diéu
ché khéc trong truyén thong hdn loan thi day rd rang
1a mot diém rat dang chu y. Tuy vay, hé thong lai co
nhuoc diém la toc do truyén thong tin cham do mdi
mot xung nhan duoc chi giai ma duoc 1 bit. RO rang
day 1a diéu khong hiéu qua vé mit truyén tin.

Dé giai quyét van dé nay ngudi ta da phat
trién mot phuong phap méi co tén goi la M-ary
CPPM. iy la su két hop ctia CPPM va diéu ché da
biéu tuong s& mang lai cac uu diém: tiéu thu ning
luong théap, tranh dugc hiéu ing fading da duong, it
gdy anh huong t6i cac hé thong khac, c6 tinh riéng
tu va bao mat rat cao.

3.1. Nguyén ly cia M-ary CPPM

Gia thiét tin hiéu M-ary CPPM la mot chudi
xung chir nhat hon loan duge minh hoa nhu trén
Hinh 3 va tufm theo biéu thirc sau:

S(t) = Z A[u(t—tk) u(t=6,—7)] (9
trong do: u(t) 1 khi t >0 va u(t)=0 khi t <0 la ham
budc nhay don vi; Avart 1an luot 13 bién do va do
rong ctia xung chir nhat. Xung thtr k dugc sinh ra
tai thoi diém:

tn+1

k
L=t 2 T,
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voi T, 1a khodng thoi gian gilta xung thir k va xung
thu k-1.

Tia T

ry S(t)

0 t e tk
Hinh 3. Tin hiéu M-ary CPPM

Gia tri T, la két qua ciia ham phi tuyén
T,=F(T,-1) bang carich chon ham phi tuyén Fg.) véi
cac gia tri tham so thich hop, T, s& thay doi mot
cach hon loan va nhu mot gia tri ngau nhién. Hinh
3 biéu dién khoang thdi gian T, trong truong hop
diéu ché M mtrc.

O phia diéu ché, thong tin nhi phan duoc
didu ché 1én tin hiéu song mang hdn loan nho co
ché tr& nhu sau:

T, =F(T, _ (10)

Trong do6 S, 1a gid tri twong ing ctia symbol
thir k. Dir liéu nguon duoc nhom thanh timg nhom
nhiéu bit va dugc anh xa téi cac symbol tuong ng
Ddi gid tri ctia S, tuy thudc vao so bit trén moi
symbol cua phucmg phap diéu ché. Gia st chung ta
diéu ché n bits/symbol, trong duong chung ta s& c6
M=2n symbols va S,_thay déi tir 0 t6i M—1.

)+d+ms,

3.2. Céu tric ciia M-ary CPPM
3.2.1. Piéu ché M-ary CPPM

Diéu ché M-ary CPPM dugc thyc hién nhu
trén so do khbi Hinh 4.

Bo so
»| sanh
C(t)
o |F@
~ X Phat ngudng
Bodem| [ b
> » s&H [P hdn loan F(.) OQ
yy s

m---- iuiniaiuinintainiiaied Matatety
| Bo didu ché M- ;
i ary CPPM v '
1
L i |Dicuche| Tao xung | !
O D : trd chit nhit |
1 A 1
1 1
i S n bits |
Tin higu M-ary 1 [M&hoa M- DLnhi| |1
CPPM : ary <« phé‘n |
> ! Symbol nguon |
1

1

Hinh 4. So d6 khoi diéu ché M-ary CPPM
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Bo dém hoat dong & ché d6 dém tu do cho
dau ra 1a mot gid tri tang tuyén tinh C(t) = K.t, trong
do6 t 1a thoi gian ké tir luc bo dém duogc reset va K
1a buée dém. Tai thoi diém t_, bo dém duogc reset
C(t_,) =0 va n6 bat dau dém ngay sau d6. Tin hiéu
d4u ra C(t) dugc dwa vao bd Comparator dé so sanh
voi gia tri ngudng F(C,_)). Gia tri ngudng nay duoc
tao ra tir khdi Phat ngudng hdn loan F(. ) voi C,
la gia tri dau ra ciia Counter dugc ldy mau va lu’u
lai trong khdi S&H tir vong lap trude tai thoi diém
truge khi reset. Khi gia tri dau ra ciia bo dém C(t)
vuot gia tri ngudng F(C, ), khéi So sanh sinh ra
mdt xung clock tac dong t6i khdi Tao xung chit nhat
tai thoi diém: ', ,+F(C,_ /K. Xung sinh ra tac
dong toi khbi Du heu nhi phan ngudn dé anh xa n
bit VaO, symbol Sk tg1~1 khéi Ma hoa M-ary Symbol.
Tai khoi Diéu che tre, tl‘iy thudc vao gia tri S, xung
chit nhét sinh ra s€ bi tré¢ di mot khoang d+mS,. Do
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vay, xung da dugc diéu ché tai thoi diém:
t =t  +FC_)K+d+mS (11)
Sau d6, xung di duoc diéu ché tac dong 1én
khdi S&H va reset bd dém. Mot chu trinh mai lai
bat dau va symbol ké ti€p cling dugc dicu che theo
cach twong ty. Chung ta c6 duoc chudi xung M-ary
CPPM ¢ déu ra cua khéi didu ché. Theo lap luan &
trén, khoang thoi gian gitra xung thir k va k-1 duoc
xéac dinh boi biéu thuc:
T,=t—t  =FC, )K+d+mS =
=F(KT_)/K+d+mS, (12)
Biéu thirc (12) chi ra rang T, phu thudc vao
F(KT,_,)/K, do d6 T, thay d6i mot cach hdn loan.

k k 1

3.2.2. Giai diéu ché M-ary CPPM
Giai diéu ché M-Ary CPPM dugc thuc hién
nhu trén so db khdi Hinh 5.

> Bo trir
Cx Phat F(Cy) 'y
Bodem ] <V ngutng F(Cir)
< P S&HI »| honloan L—pf o1
FQ)
A A
Reset | | i Bo tach M-ary |
1 s !
N x B6 tach !
Tre [« Tre |« ' ;
| | i Symbol !
: Sk :
. | Tach ngudng _| Tao xung chix NN Glalsma ]I;/Ii !
> » nhat : ary Symbo ;
| |
Chudi xung M-Ary CPPM Dit liéu cac bit nhi phan
. Chuoi xung M-Ary CPPM

Hinh 5. So do khéi gidi diéu ché M-ary CPPM

Céc khdi Bo dém, Phat ngudng hdn loan
F(.), S&H va Tao xung chit nhat dwoc thiét ké
gidng hét nhu phia didu ché. Tai ddu vao ciia bén
giai diéu ché, chudi xung M-ary CPPM duoc dua
qua khdi Tach ngudng. Khi tin hiéu vuot qua gia
tri ngudng, mot xung hep chir nhat dugc sinh ra boi
khdi Tao xung chit nhat. Xung duoc sinh ra trude
tién tic dong t6i khéi S&H 2 nham luwu lai gia tri
F(C, ) tur gia tri d4u ra ciia ham F(), sau d6 nd
tac dong t6i S&H 1 nham luu lal gia tri cua Bo
dém C, tai thoi diém d6 va cudi cung reset khoi
bd dem Hai gié tri dugc luu trir ndm trong 2 khoi
S&H duoc dua vao bo trir. Gia tri sau bd trir duoc
xac dinh nhu sau:
C,—F(C_)=KT —-FC,_)=Kd+mS) (13)

Sau d6 gia tri ndy dwogc dua téi khdi tach

Symbol dé giai ma gi4 trj tham chiéu S, theo biéu thire:

S, =[(C,—F(C,_))YK-d]/m (14)

Duya vao gia tri S, symbol thtr k dugc xéc

dinh va sau khi qua khdi giai ma M-ary Symbol, dir
liéu nhi phan dugc khoi phuc.

4. Mb phéng sb bd diéu ché va giai diéu ché vi
tri xung hon loan da biéu tuwgng (M-ary CPPM)

Hé thong didu ché va giai didu ché M-ary
CPPM dugc mé phong s hoc trén moi trudng
Simulink/Matlab. Cac thong s6 hoan toan dong
bo gitra bén diéu ché va giai didu ché: K=0.03/t,
d=15t, m=4t, véi 7 1a do rong xung ciing dong thoi
1a thoi gian mau co ban cta phin mém mé phong.
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Trong so d6 mo phong khdi Phat ngudng hdn loan
F(.) stt dung ham Tent-map véi biéu thitc nhu sau :
X, = F(x)=13/0.5-10.5 - x || (15)

Trong Simulink, Ham F(.) theo (15) duoc

Bo diéu ché va giai didu ché M-ary CPPM
duoc thuc hién theo so dd khdi Hinh 4 va 5. Moi
truong kénh duogc chon la AWGN véi E /N, = 30dB
dé dam bao diéu kién truyén t6t nhit nham quan sat
ddc diém tin hiéu trén mién thoi gian rd nhét.

xay dung nhu Hinh 6.
0.5
Constant:|—’

0.5
I.‘.onstm:|_. -

: » 1u] = > 1l N
I Subtract Abs Subtract 1 Abs 1 x |
Int1 Product Outl
13
Constant 1
Hinh 6. Ham Ten-map theo cong thirc (15)
Két qua mo phong trén mién thoi gian tir thoi | |
diém bat dau t=0 t61 500t duoc thé hién trén Hinh 7. (| SRS SR R e
; ! | 1 — | |
- ! ; ) sl
L v -
/ o T T Gisss
T : ;
04 ]] / ] | I e :
102 [i} 100 200 300 400 500
d) Gia tri S, cua Symbol
a) Tin hiéu o dau ra bo dém : |
2?
! ! ! ! 1
12 ; : e | 15
1 [ —- ] Ll 1
| : —
] z : : : 1 | R | : | : | : I
i J_ I J_ 1] 0 o E) £ w 50
0 m £l [ £ o
e) Tin hi¢u M-ary CPPM
Hinh 7. Tin hiéu trén mién thoi gian cua hé thong
I M-ary CPPM
" : Tir két qua md phong ta thiy khoang cach
: T """"""""""""" " gitta 2 xung T, bién thién mot cach hon loan tir 15t
w o= t6i 50t. Tin hiéu M-ary CPPM 1a mot chudi xung c6
1 —l : ; d6 rong xung lt. Tai mo6t thoi diém nhat dinh, S
H E 1|_ i N ~ ., . - , K
I i] ] o o T chi nhan 1 trong 4 gia tri 0, 1, 2 hoac 3 tuong ung
= |_1 véi 1 trong 4 symbol 00, 01, 10 hodc 11.
ol 5 + B ] . <A A A A 5 5 ’
L— ,L J_ J. L t Khi diéu kién dong bo duoc dam bao, tin
] i [ ] hi¢u ¢ bén giai diéu ché thu dugc hoan toan giong

¢) Tin hiéu ¢ dau ra F(.)
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v6i tin hiéu bén diéu ché tic 1a Hinh (a), (b), (c),
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(d) va (e) ciing dong thoi mo ta tin hiéu trén mién
thoi gian & cac khdi trong giai didu ché. Didu nay
chimg t6 diéu ché M-ary CPPM 1a hoan toan hop li
va kha thi.

Dé danh gia hidu qua cia giai phap trén ta
xem xét ti s6 18i cua 2,4,8,16-ary CPPM qua tinh
toan mo phong sd. Trong hé théng, & phia dau thu
tin hiéu nhan duoc 1a tong cua tin hiéu chudi xung
M-ary CPPM truyén di va nhidu tring AWGN.
Can ctr vao su so sanh muc tin hiéu nhan dugc véi
mirc ngudng, may thu s& quyét dinh do6 1a xung chir
nhat hay khong. Bang 1 thng ké toc do truyén ciia
M-ary CPPM duogc thuc hién véi trén 10000 mau
thoi gian mo phong.

Béng 1. Toc dé truyén ciia M-ary CPPM trén 10000
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Bang 1 thé hién su so sanh téc do truyén
2,4,8,16 CPPM trong qua trinh md phong trén
10000 méq thoi gian trén cung mot ti 5O E/N,. Két
qua cho thay M-ary CPPM tuy dat toc do xung thap
hon mét chut so véi CPPM nhung lai ¢6 tdc do
bit truyén cao hon dang ké so voi CPPM. Két qua
trén 1a v6 cung quan trong va da chung minh duogc
M-ary CPPM cai tién duoc dang ké toc do bit so
v6i CPPM.

5. Két luan

Hdn loan 1a mét linh vuc khoa hoc day tiém
nang dang dugc nghién ctru Gng dung manh mé
trong truyén thong. Viéc két hop véi da biéu twong
thanh phwong phap diéu ché M-ary CPPM gitp cai

thién toc do bit dang ké so voi phuong phap CPPM.

mau thoi gian mé phong N i
Cai tien nay cung voi cac ddc tinh cua phuong

M | S6 xung da truyén S6 bit da truyén phép nhu tinh bao mét cao, hoat dong tot trong moi

2 3587 3587 tnr;(‘mg nhiéu va méo, fiat dugc ti sb 15 bit.g’y ml’rg
chap nhan dugc so véi cac phuong phap dicu che

4 3225 6450 théng thuong dd lam M-ary CPPM tr& thanh mot

8 3166 9498 phuong phap co khd nang Gmg dung cao vao truyén
thong hon 1 ic biét trong truyén thong ba

T 30 2448 .?ngﬂ on loan, didc biét trong truyén thong bang
siéu rong.
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DESIGN DEMONSTRATION M-ary
CHAOTIC PULSE POSITION MODULATOR AND DEMODULATOR

Abstract:

Chaotic phenomena have been known since the late 19th century but have only really received a
strong research interest by the scientific community in recent years with a series of publications in which
the field electronics and communications. Over the past two decades, research applications in this field
have been dominated by three main directions: security, application in spread spectrum information and
digital modulation/demodulation. This paper presents the design solution for simulating the number of
application-specific pulses/pulse-position modulation emulation modulators used in multi-directional
application in Ultra Wide Band communications. Simulation results will show improvement of the bit error
rate over the interference channel, improving the security and feasibility of the solution.

Keywords: Chaotic, CPPM, UWB, Modulation.
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