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» N sensors with M observations each.

> At the individual sensors, V, 2 1 S"M )2 — 1 and

1

HO - Vy NN<Oa M))
1

Hy Vy~N(|h|2P, )

M
» Fading can be modelled by various random variables
depending on various conditions. The simplest models are
Rayleigh (NB) and Lognormal (WB).
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Definition

Let Sq denote a set of channel instantiations such that

P(|h> € Sq) = q. The highest error exponent achievable over
all possible choices of Sy is defined to be the error exponent
with a confidence q.
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Theorem

Leta = |h|2. The hypothesis test (defined earlier) achieves a
positive error exponent of (agP)?/8 with a confidence level q,
where o satisfies Pr(a > ag) = q.

» Proof.

10Q(XVM) + 71 /X 7fN (v —aP, \/17/,) faga)dadv,

—00 ag

Differentiating above equation w.r.t. x and equating to zero

gives
7 2 p2
9mo _ /exp (M (XaP— il )) fo(a)da
T 2

g !i ii !]’
o

. - - .
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» Upper bound : Let g(x, a) £ xaP — “~. Observe that
g(aozp ><0 for o > ay. I:0|'XM< 2P g(xum,a) < 0, for

a > ag. Let gmax = MaXa>a, 9(Xu, @). = The integral
would then — zero.

» Lower bound : Let xg > "%P. Therefore, g(xp, o) > 0, when
a < 2%, By assumption, ap < a. =, g(xo, @) > 0, when
ap < a < 22 Therefore, for xy > X, g(Xu, @) > 0. There
existsa d > 0 such that g(xu, @) > 0, for ap < o < 2ﬁ —

Let gmin = min_ _ 2 g5 90X, ). = The mtegralwould

then — +oo0.

. - - .
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» K out of N rule and its “weakness”.
» “Remedy” : OR rule as a special case.
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The K out of N rule
Iog( >+N|Og<1 pf)

oo { (52) ('52) )
» |t can be shown that

iMp—o0 Kopt = =N, iMoo (N — Kopt) = Efj;m
» Also, it can be shown

iMoo 247E £ e = N = Bt = N
» Rayleigh fading case, g = e~*0. For a same confidence

level, straightforward to show that eS_:N) = (Plog q)?/(16N).

Decentralized detector with N > 2 performs poorer in the

error exponent sense! W

. - - .
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Remedy: OR rule for Rayleigh fading

Theorem

When the channel between the primary and sensors is
Rayleigh distributed, given that the FC combines decisions
from N sensors using the OR rule, the error exponent with
confidence level g at the FC for the HT is lower bounded by
(aminP)? /8 with confidence q, where o, satisfies

N
1-— N\ V,
Olminzz(c—lvq)7 CNéZ(k)Q_:’

k=0

2=

where V. = nk/2 /T (1 + ’E‘) is the volume of a k dimensional

unit sphere. Ezm

s
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Remedy: OR rule for Lognormal Shadowing
Theorem
When the channel between the primary and sensors is

lognormal faded, given that the FC combines the decisions
from N sensors using the OR rule, the error exponent with
confidence level q at the FC for HT is lower bounded by M
with confidence q, where (i, satisfies

N

N k
> (k)D,’gog’—kg —1—q, with V= 72T (1 + E)
k=0

L exp (Iog <éme>)2 D

1 op
Da2 VR éo(—lo ( )) ‘
AT ooev/on 202 2 os 9\ fi‘z

s
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Application : WB and NB SS

g 7o | U BN E
2
2 6o —
50 b
40 b
30 b
0 | . I | .
0 2 6 8 10 12
frequency (MHz)
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Quantifying in terms of error exponents with
confidence

» Let eng and ey represent the error exponents by
detectors under NB and WB SS, respectively.

» At the individual sensors, with the same confidence level g,
NB sensing is “better” than WB sensing whenever,
00Pus)®  (bPus)? Pus\2 o (b2
(OSNB) >(O§VB) :><P_Iv\vlg) ><a_00>'

» Similarly, at the FC, NB sensing is better than WB sensing
with the same confidence level whenever

(aminéDNB)z > (fming’wa)2 - <m>2 > (em_ln>2

Pws Qmin

.
EE for Bayesian ED under fading




System Model EECL  Sensor Level FCLevel WBvs.NBSS Numerical Results Conclusions Reference
.

T

—4—NB, P =15
-@- VB, P ,=0.5.6°=0.25

— 2_ |
‘WB, P,,=0.5, 6°=0.5625

w” ".'
= 2
g 0019 @ WB. P =05 0=l
=3
i)
5 001} O,
5 ,
N
0.005

O L L L n
0.75 0.8 0.85 0.9 0.95 1
Confidence q

Figure: Error Exponents ¢, with confidence g at s%nglefsenszor e

EE for Bayesian ED under fading




System Model EECL  Sensor Level FCLevel WBvs.NBSS Numerical Results Conclusions Reference
.
.
0.4 : : .
+ NB, q=0.9, PNB=1.5
0.351 _*_ NB, q=0.925, PNB=1.5

_ 03l -*. NB, q=0.95, PNB=1.5 " .
%wm 025 —— WB, q=0.9, PWB=0A5 ’

= 25+ _ _ .

§ -@- WB, q=0.925, PWB_O.S PN :

= —| -

g 020 =@ WB. =095, Py ,=0.5 rie P
[}j - .=

5 0.15[ s G844 1
= 2 S

s3] 7 » Kd

0.1} 7 '\,. ]
%9
v % :\’.
0.05 s : Z X 3
o
2 4 8 10

Number of Sensors N

Figure: Variation of eS:-N) with q

o

Dac

EE for Bayesian ED under fading




System Model EECL  Sensor Level FCLevel WBvs.NBSS Numerical Results Conclusions Reference
.

0.1 , ——— :
+=h=  NB, q=0.95, N=2
=% = NB, g=0.95, N=3
0.08¢ == NB, q=0.95, N=4 ||
gwm '=@=' WB, q=0.95, N=2
= 006 - @®=WB, g=0.95, N=3
g /| =@=WB, g=0.95, N=4
3 o e . o
Y % x ¢
£ 4 -7
L4
m N

L4
‘ x
.*L---..\’.\.-\:.----.----
. *

-
:’\.:3_.*“1“’..............‘.‘.‘.......
1 2 3 4 5 6
RatioP_ /P

NB "~ WB w
peoc

- . - (N) . - . P
Figure: Variation of ez with ratio 5%

EE for Bayesian ED under fading




System Model EECL  Sensor Level FCLevel WBvs.NBSS Numerical Results Conclusions Reference
.

Conclusions

» When the channel between primary transmitter and the
sensors is faded, the error exponent on the probability of
error is zero (for most of the practically used channel
models).

» A novel concept viz. the error exponent with a confidence

level was introduced and used to compare different
detection schemes.

» Error exponents with a confidence level at the FC for the K
out of N rule and the OR rule were derived.

p
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