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High Alfitude Platform-Unmanned Aerial
Vehicle (HAP-UAV)

High Altitude Platform (HAP) =High Altitude Platforms can
= > orovide wide-scale wireless
coverage for large

50-95 geographic areas

km

Unmanned Aerial Vehicle (UAV) = Unmanned Aerial Vehicle

‘7{ 74% = Fixed wing UAV: can not hover
<1 km (remain in one place in the air)

= Rotary wing UAV: can hover
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Goals

= Derive outage probability and outage capacity of the
HAP-UAYV FSO links
= Take Iinfo consideration
= Gaussian beam
= Geometric loss and pointing error loss (due to hovering UAV)
= Atmospheric turbulence




System Model

Beam waist at HAP wy

HAP — "UAV Beam divergence
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hHAP
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Gaussian beam

The Gaussian beam is considered at the HAP:
X ]0

Wz

/k>\y

Gaussian beam footprint Receiver detector aperture YA Y

Laser
source

The Gaussian beam fooftprint at the Rx aperture The Gaussian beam within the transverse plane.
without pointing error.

The normalized spatial distribution of the transmitted in’rensi’ry at distance Z for a Gaussian beam is
given as : 2||p|| )

b ol L

]1/2

= \/JC2 +y" isthe length of p

, Wy is the beam waist at laser source

where p = [x,y] '

W_is the beam waist at distance Z, w, = wy [1 + )
Zo




Gaussian beam

With a circular receiver detection aperture of
radius & and a Gaussian beam profile I
Ly the attenuation because of geometric spreod
Gaussian beam footprint | \wjith poinfing error ¥ can be calculated as

h, (r,z) = (‘)Ibeam (p - r;z) dp

x h _is the fraction of the power collected by
f " ’rhe detector.

i | x A is the detector area.
& The integration can be approximated as the

Receiver detector aperture GCIUSSICIH form [5] ( 2 2\
I”

t hyriz) = Ayexp| -

The misalignment between the Tx and the Rx zeq

on the receiver detector plane I”d _ HI'HIS the length of I'; v = \/;a/\/EwZ
_ 2 . \/,;er'f(v) . ) ]
4, = [erf (V)] is the fraction of the collected power  w. =w’ is the equivalent beam width

at r, =0 : 2vexp(—v2)



Channel Model

= The channel coefficient is calculated as

The atmospheric

attenuation (h;)
It is modeled by the
exponential Beer-Lambert
Law as

h; = exp(—¢L)
where ¢ is the attenuation
coefficient, L is the link
distance.

The pointing error loss

It is caused by the different
locations of the UAVs and the
random displacement of the
hovering UAVs

The atmospheric turbulence

The probability density
function (PDF) of fading
coefficient h, is modeled by a
Gamma-Gamma distribution.




The scalar component of 7,,; can be The pOiﬂﬂﬂg error loss

written as N

= Al L _ The initial position of
x ”d”Sln ((P) t XTh d * X7n . UAV’s photodetector
_ _ Gaussian beam
Yrpe = ”d”COS(‘P) + Y = dy + Y75 from HAP /
"
x_’~N(O O- ) x%"\'N(dx, O-P) \ dy """ L'" \\ ]/'h
Becouse (™ d/
(O; O-P) )’@WN(dy; O-P) / !
o,
The poin’ring error loss is expressed as 5 C’Z‘” .
2 b
h, = A4 exp| — 2rpe The position of UAV’s
zeq photodetector due to
hovering
L L L
_ |7 — 2 2 —
where r,, = |rpe| = \/ oo T Vipe’r Ao is the Ve = d+r,
faction of collected power at r,, = 0,

W,eq IS the equivalent beam width.

rp22+a'2 s rpd
2012) 0 op Rician distribution

ge/ 2 _ d\/ erqln ipe
erq [ p<20. )] (Zpoe)w q/40p 110 (Ao )/0-5

The PDF of r,, is expressed as

The PDF of hy, is expressed as fp, o(hpe) =



The atmospheric turbulence

The PDF of h, is given by

a+ f

a+ f
2(ap) 2 -1
Folh) =Femaim e Kam s R

where a and f are the effective number of large-scale and small-scale eddies, respectively, and

given as
0.490% —1 0.510% -1
a=|exp -1 p=|exp -1
(14 1.116}25) 706 (1+0.69012/5) 5/6

where o3 is the Rytov variance for slant path FSO link and it is expressed as

hHAP
0% =2.25k"/0sec!/6( g)f C2(h)(h—h
h

UAV

where k = 2m /A, 1 is the operational wavelength, ¢ is the zenith angle between UAV and HAP,
and CZ(h) is the refractive index structure parameter. C2(h) can be expressed as

C2(h) =0.0059%4 = 2( 10-5h) Yexp __h +2.7%10~ Loexp e +A _exp _n
& 27 1000 1500 ) ° 100

UAV) 5/64p

where A,=1.7x101*m2/3 is the nominal value of ¢Z at the ground, w is the wind speed in m/s, and
h is the altitfude in meters.



The PDF of h = hjhyeh, is given by

2
a+ﬁ ]’Vgeq (I+ﬁ I-Vgeq d\/ _ ieq h‘][ h ]
2 w2 _ g2 — -1 po —l-— 2 hh A
£y =) <t Lexp| || 5= ) f n,to — = |k, (2\/aph,)dn
h T((}!) T(ﬁ) 4()‘}%}1{,}1’10 2()‘5 h!AO a—p a a

The instantaneous electrical signal-to-noise ratio (SNR) is defined as

R2P2p2
!

Y=
2

o
n

where R is the receiver’'s responsivity, P; is the transmitted power, and ag is the noise variance

Then, the PDF of Y is expressed as

2
a+j vl vl eq Io, 1
o2 1 —d2 2(aff) 2 wi Yol 1 : :fj -1 oo a:ﬂ —l—‘ij dJ 2 ln( R2p2 hfh”AO]
Fo(r) =—" exp “q ! ‘o f _h, 5, ’ k(2 aph,)dn,
R*P? Yo? 200 )| TCa)TCH) dain A \\ R7P} 1A, I, o




Outage probabllity & Outage capacity

The outage probability: It is the probability that the instantaneous SNR falls below a specific
threshold Yy,

The outage probability is calculated by

th
P = f (") dr

out 0

The capacity with outage: is defined as the maximum rate that can be fransmitted over @
channel with some outage probability. The basis premise is that a high data rate can be sent
over the channel and decode correctly except when the channel is in deep fading

Average capacity with outage:

Cout = (1 — Pyy)Blog, (1 + Yep)




Numerical and Simulation Results

= The received power versus the distance
of the UAV from the center of the
Gaussian  beam footprint  with  the
different transmitted power
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= The signal-to-noise

ratio versus the
distance from the center of the
Gaussian beam footprint with different
transmitted power.
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Numerical and Simulation Results

HAP Channel UAV
= The wavelength (A): 1550 = Visibility (V): 30 km (Weather = The height of UAV (hyay): 50 m

nm | condition: Very cleor)8 = The receiver's radius (a): 5 cm
g -{Cve)’%eQOrI;]anOIST at HAP o391 (’1("’")> « The responsivity (R) : 0.9 A/W
Ol 4 4 >0 = The effective noise bandwidth
- ;geQQElghf Of HAP (Nyap): 16 for V>50 km (Af): 0.5 GHz
- m —
. o~ql4 for6 km<V<30km . The gbsolute temperature: 298
= The fransmitted power 0.585V"*  for 0 km<V<6 km K
(P): 40 - 50 dBm -
= The load tor (R;): 1 kQ)
= The threshold SNR (Y¢,): O (Kruse model) © 1o r.e.5|s or.( J : ,
dB o ;he amplifier noise figure (F.):

* Bif-rafe: 1 Gbps = The standard deviation of UAV

due to hovering (g,): Sm




Numerical and Simulation Results
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Numerical and Simulation Results
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Conclusion

= The channel model for HAP-UAV FSO links under impact of
atmospheric attenuation, pointing error loss, and atmospheric
turbulence is investigated.

= Qutage probability versus the distance from the center of the
Gaussian beam footprint and Outage capacity/Bandwidth versus
the distance from the center of the Gaussian beam footprint are
derived. These numerical results are verified by Monte-Carlo
simulation.

= Qutage capacity/Bandwidth versus the threshold SNR is also
derived to find the optimum threshold SNR for each location of
UAVS.




Thank youl!
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