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AHorauis. [IpoBeneHi 00YMCIICHHS! IMOBIPHOCTI 0iTOBOI MOMMJIKM B M -KaHaNbHIM cUCTeMi mHepenadi

JTAaHUX 3 BUKOPHCTAHHSIM Iepmux M opToroHaidbHuX (QyHKUiH Yomma, ne M 3MiHroeTbes Big 17 no 31.

BcraHoBII€HO, 1110 ONTUMATFHUM BapiaHTOM € BUKOPHCTaHHs 19-eneMeHTHOI cucTeMu (GyHKLiH Youma.

Abstract. There have been carried out the computations of the bit error probability in an M -channel data

transfer system with applying the first M orthogonal Walsh functions, where M varies between 17 and

31. Ascertained that the optimal variant is applying the 19-element system of Walsh functions.

AnHotauus. IIpoBeneHbI BBIYHCICHHS BEPOSTHOCTH OWTOBOH ommOkM B M -KaHAIBHOH CHCTEME

nepeavu JAaHHBIX C HCIIOIb30BAaHUEM IIEPBBIX A OPTOroHaNbHBIX QYHKIUWH Yomma, rae M H3MeHSeTCs

or 17 no 31. YcraHOBIEHO, YTO ONTHMAJIbHBIM BAapUAHTOM SIBJISIETCS MCIOJNb30BaHHE 19-311eMEHTHOM

CHCTEMBI (pyHKIHMIT Yomma.

FOREWORD

It is well known, that the task of the efficiency evaluation of the CDMA principle in the multichannel
data transmission network is very urgent. The trials [I — 7] to compute the theoretic probability

p. =D, (Q, D(fl) , N, u) of the single bit detection error for such systems have driven to the next lower and

upper restrictions in the inequalities: for the power SNR Q € (3; 16] and variance D(ﬁ) € [0. I; 1000] )

p.(0. D(7),8,{1,7}) < p,(0, D(#), 8, {6,9})< p.(Q, D(7), 8, 3).
for Q€(3; 16] and D(fl)<20.

p.(Q. D(#). 9, {1.5}) < p.(Q. D(#). 9, {3, 4})
p.(0, D(7),10,{1,5}) < p,(Q, D(7), 10, {3, 4}),
p.(0, D(7), 11, {1, 5}) < p.(0, D(71), 11, {3, 4, 7}).
p.(0. D(7),12,{1,5,8}) < p,(0, D(7),12, {3, 7}).
p.(0, D(7),13,{1,5}) < p,(Q, D(7),13,{3,7}).
p.(0, D(7),14,{1,5}) < p,(Q, D(7),14,{3,7, 8}).

p.(0. D(7),15,{1,5}) < p,(Q, D(#),15,{2,3,7}):
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for O €(3;16] and D(71)> 20.

p.(0, D(7),9,5)< p.(0, D(#),9,3). )
p.(Q. D(#),10,5)< p,(Q, D(i), 10,3) (10)
p.(Q, D(7),11,5)< p, (0, D(7),11,3), (11)
p.(0, D(7),12,5)< p,(0, D(#),12,3) (12)
p.(0. D(#),13,5)< p,(Q, D(i), 13, 3) (13)
p.(0. D(7),14,{4,5})< p.(0, D(i),14,3), (14)
p.(0. D(7),15,{4,5})< p.(Q, D(#),15,3), (15)

for Q€ [0.25; 16] and D(ﬁ) € (0.1; 1)
p.(0, D(7),15,9) < p,(Q, D(7),14,9) < p,(0, D(#),13,9) < p,(Q, D(7),12,9) <
< p.(0, D(7),11,9)< p,(Q, D(#1),10,9)< p, (0, D(7),9,9) (16)
for Q €[0.25;16] and D(7i) € (60; 1000)

p.(0, D(7),12,9) < p, (0, D(#),15,9) < p, (O, D(#1),14,9)< p, (0, D(/),9,9) a7)

for O €(3;16] and D(71)€[0.1;1000]

p.(0. D(7),16,{1,5}) < p,(Q, D(#),16,2) < p,(Q, D(i),16,9). (18)
for O €(3;16] and D(71)€[0.1;1000]
p.(0, D(7),32,7)< p,(0, D(#), 32,3) < p,(Q, D(7), 32,9), (19)

for QE(3; 16] and D(ﬁ)>100

.(0, D(7i), 64, 7)< p, (0, D(7i), 64, 5) <

< p.(0. D(i), 64,3) < p, (0, D(71), 64,9): (20)
for Qe (3; 16] and D(fl) <1

p.(0. D(ii), 64, {3, 6})< p. (0, D(ii), 64,1) <

< p.(0. D(7), 64,5)< p, (0, D(), 64,9). @1
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N-1
t
Here ©=1,8 if there is used [6 — 8] system {romu [r, F]} , and u=9 , if used
0 r=0

N-1
{Wal[w, Ti]} , tE[O; %), N e {8, 16, 32, 64} . At the present work here stands the objective
0 w=0

problem to rearrange into inequalities with 15 functions the relationship between the following dependences:

p.=p.(0. D(ii). M,9), M =17,31. 22)

Otherwise, is this problem is unsolvable, — to determine the optimal integer M~ € {17, 31}, by
which

p.(Q. D(7), M",9)= min_p, (0. D(#), M, 9). (23)
COMPUTATION AND THE RESULT VISUALIZATION

Will be computing

—1——_[e_zz/zdz+[%csb(Ql'5—\/a)+y—bcb(Q25 30)+

V2n 24
+%G§(Q3'5 ~100% +15Q1'5)}L\/2Q—:, 24)
where [1 — 6]
O 3 O Y | et
N (M(b))z ) 31 31 2 3 2

5, =Jul) = \/i (b(n)— i b(m)f[b(m)]J fb(n)]. (26)

vb=('Lt+))2—3= ";—3‘ ’";—31 . ~-3, (27)
" {Z[w)zb(m)f[b(mﬂ] f[b(@]}
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1 n*
f[b(n)]ZWeXPL—T(ﬁ)J, n=—31, 31, (28)
2 w1 I-1 I-1+n
b = — 1| r, — | , n=-31,31,
2 z(3zzw( g, 12 )
wal| ¢, = |=0,v L g[0;1), (30)
T, T,

for M =17,31, Qe l:%, 16j|, D(ﬁ) € [O.l; 1000]. The step of the SNR varying is 0.25, so all

64 values of the SNR are
{0.25, 0.5,0.75,1,1.25,...,15.25,15.5,15.75, 16} . (31)

And all calculable values of the variance D(fl) are in the 25-element set

{O.l, 0.2,03,04,0.5,0.6,0.7,0.8,09,1, 2, 4, 6, 8, 10} )
u{20, 40, 60, 80, 100, 200, 400, 600, 800, 1000}. (32)

1 -
Performing this, there are the 15 surfaces (22), plotted for Q € I:Z, 16} and D(n) € [0.1; 1000] .
One of those surfaces is shown in the figure 1, and the rest 14 surfaces practically don’t differ from that surface.
For sorting these surfaces in order of the theoretic probability p, decreasing may use the distance between the

points of surface p, = pe(Q, D(ﬁ), M, 9) and the points of surface p, =0, M =17, 31. The less this

M-
t
distance the preferable the corresponding orthogonal Walsh functions {wal(w, FJ} system to be used. If
0

w=0

denoting the k -th element of the set (31) as O, , k=1, 64, and the j -th element of the set (32) as D,,

Jj =1, 25, then this distance may be defined as

p.=1.(0. D(#),17,9)

—
= NN Ay
o 0‘\\\\\\\\\\\\\\ \\\
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25 64

d(M)=>">"p.(0,. D, M.,9). (33)

j=l k=l

The dependence a’1 (M ) is shown in the figure 2, from which

arg max_ d,(M)=19, (34)
arg Mrg% d,(M)=31, (35)

that is by this distance the most preferable multichannel data transfer system should use

30
Wal(w, —] functions, and the worst case is 19-channel data transfer system with implemented
0 w=0

18
t
wal| w, — functions.
T,
w=0

Otherwise the distance may be defined by raising each value pe(Qk, D, M, 9) , k=1,64,

j=1,25, to some power [3, that may belong to [1; 2]:

25 64
i
W(M)=2.> (.(0 D, M.9))
J=l k=l (36)
The normed dependences (36)
d (M) — M (37)
' max_dy (M)
M=17,31

by Be [l; 2] with spacing 0.05 are plotted in the figure 3, from which in a majority the most preferable

30 23
case is using {Wal(w, i]} orthogonal system or {wal(w, ij} orthogonal system, and the worst case
T, T

0 w=0 0 w=0

18
remains the same — 19-channel data transfer system with implemented {Wal(w, Lj} functions.
0

a(M) -

53 :

525~

50.5

Figure 2. Dependence d, (M)
Furthermore, there may be introduced a distribution function of the SNR, since the values (31) have different
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significances. So, each element O, , k =1, 64, of the set (31) may have its weight ¥, , kK =1, 64 . It is conjectured
that the SNR distribution function is normal with the math expectance Qa =1 and the variance GéNR =4 (figure 4):
2 2
(0-0.) |__1 (2-1)

=——F—=¢cXp| — = exp| ———————|. 38
y(Q) GSNR\/% P Zo-éNR 2\/E P 8 9

Then the distance between the surface p, = p, (Q, D(ﬁ), M, 9) and surface p, =0 with (38)
dy (M)

1.005 —

1= ___ —t—

0.995 —

0.96 | | | L | L L I L L L L L I LM
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Figure 3. Normed dependences ciﬁ (M )

Figure 4. SNR distribution function y (Q)
Then the distance between the surface p, = p, (Q, D(ﬁ), M, 9) and surface p, =0 with 38) y, = y(Qk),

k =1, 64, should be defined as

25 64

dv (M):Zzpe(Qk’ D, M, 9)yk -

j=l k=1

25 64 1 (Q _1)2
:;;pe(gk,Dj,M, 9)mexp _kT . (39)

The dependence d 2 (M ) is shown in the figure 5, from which

arg maid<y>(M):30, (40)

M=17,31
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in 4% _
arg min_d"’(M)=18, (41)

M=17,31

that is by the distance (39) the most preferable multichannel data transfer system should use.
d¥ ( M)

7.305 ‘

7'2616 1‘7 1‘8 1‘9 2‘0 2‘1 2‘2 2‘3 2‘4 2‘5 2‘6 2‘7 2‘8 2‘9 3‘0 3‘1 32 M
Figure 5. Dependence dv (M)
that is by the distance (39) the most preferable multichannel data transfer system should use

17
t
Wal(w, —]} functions, and the worst case is 30-channel data transfer system with implemented

0 w=0

29
t .
wal| w, — functions.
{ ( 1, ]}
w=0

The fourth variant of the distance may be defined by raising each value pe(Qk, D/” M, 9) ,

k=1,64, j=1,25,in the (39) to some power [3, that may belong to the same segment [1; 2]:

25 64

d’ (M)=ZZ(pe(Qk’ D;, M, 9))B Ve =

j=1 k=l

=3 (n (0. 0, 1. 9) 5 | - @

j=1 k=1

The normed dependences (42)

. O (M

déy> (M)z dB ( ) (43)
max déy>(M)
M=17,31

by Be [l; 2] with spacing 0.05 are plotted in the figure 6, from which in a majority the most

18
t
preferable case is using {Wal(w, —j} orthogonal system, and the worst cases are 30-channel and 31-

0 w=0

29 30
t t
channel data transfer systems with implemented {Wal(w, —j} and {Wal(w, —j} functions
0

0 0

W=l w=0
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M-1
t
respectively. These consequences are antithetic to the consequences on using {Wal[w, —J} preference,

0 w=0

where the distances (33) and (36) are applied. Nevertheless, the distance déy ) (M ), defined for the distribution

function (38) of the SNR, looks more efficiently.
And now it is possible to sort the surfaces (22) by their proximity to the zero level surface p, = 0. This

is less severe to make, as it is well seen from the figures 3 and 6, with using the distance (42). In such a way,
resorting to the decision-making theory symbolics, have the following:

p.(0. D(#), 31,9) > p, (0, D(#), 30,9)> p, (0, D(#), 29,9) > p, (0, D(#), 28, 9) >
- p.(0. D(#), 27,9)> p,(0, D(i), 26,9) = p, (0, D(#), 25,9) -
= (p.(Q, D(#),17,9) = p, (0. D(#), 23,9)~ p,(Q, D(), 24,9)) >
- p.(0, D(#), 22,9)> p, (0, D(#), 21,9) = p, (0, D(i), 20,9) >

= p.(Q. D(#),18,9) > p, (0, D(71),19,9). (44)

where the symbol of succeeding means the farther distancing to the zero level surface p, = 0.

After the planned at the start rearranging of the dependences (22) into relations (44), the optimization
problem (23) is solvable with the help of decision-making theory techniques:

min_p, (0, D(#), M, 9)~ p, (0, D(#),19,9). (45)

M=17,31

but at the same time

max_p,(Q, D(#), M,9)=~ p,(Q, D(#), 31,9). (46)

M=17,31

CONCLUSIONS

After having analyzed the rate of the single bit detection error probability with the distances d1 (M ) ,

d (M ) , d <y>(M ), déy >(M ), there appeared a conclusion about the theoretically optimal system of

B
orthogonal binary functions to be implemented into an M -channel data transfer system, where M =17, 31.

M-
The optimal system among the Walsh orthogonal binary functions systems {Wal(w, Lj} is the
T

0/,
w=0 ) =17

18
19-element system {Wal[w, LJ} , because this orthogonal system insures by the distance dé} ) (19) the

0 w=0

minimized probability p, (Q, D(ﬁ), 19, 9) . Another defined and considered distance d*”’ (M ) is a special
case of the distance déy> (M ) , and the other distances dﬁ (M ) with B S [l; 2] drive to inconsistent results.

Therefore they cannot be applied for the further explorations. Eventually, applying the distance d, éy ) (M ), there

have been detected the most erroneous data transfer system that is the 31-channel system, where the orthogonal
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system

30

t

wal| w, — is implemented.

T,
w=0
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