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MIMO-HALE-UAV

Y=√G H X + n  ,  X ∈ ∁nT×1  ,  Y ∈ ∁nR×1  , 

 H = [hij] ∈ ∁nT×nR ,  n ∈ ∁nR×1 
YXHnTnRn

G

𝐺 = 𝐺𝑇(𝑑𝐵𝑖) + 𝐺𝑅(𝑑𝐵𝑖) − 𝐿𝐹(𝑑𝐵) − 𝐿𝑟(𝑑𝐵) 
 𝐿𝐹(𝑑𝐵) = 32.4 + 20𝑙𝑜𝑔𝑑(𝑘𝑚)

+ 20𝑙𝑜𝑔𝑓(𝑀𝐻𝑧) 
GTGRLF

Lrdf

i.i.d

N0

HLOS

HNLOS
r

kr

𝐻 = √
𝐾𝑟

𝐾𝑟 + 1
𝐻𝐿𝑂𝑆 +√

1

𝐾𝑟 + 1
𝐻𝑁𝐿𝑂𝑆
𝑟  

HLOS

HNLOS

Kr

hij

d(i,j)ith

jth

 

 MIMO-HALE-UAV ة. مدل سامان1شکل 
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 1شکل  ةثر لينک ارتباطي مطابق با هندسؤپارامترهاي م .1جدول 

nt 

nr



αxx-y

βxx-y

x-y

Dx

 sr,st

kr

HR  HrHT,

d 
 

HLOS=

[
 
 
 
 
h11,LOS h12,LOS ⋯ h1nT,LOS
h21,LOS ⋱ ⋱ ⋮

⋮ ⋮
hnR1,LOS … … hnRnT,LOS]

 
 
 
 

hij,LOS=e
-j2πd(i,j)/ 

nt=2nr=2

HLOS=[
e-j2πd(p,m)/ e-j2πd(p,l)/

e-j2πd(q,m)/ e-j2πd(q,l)/
]

HT≫HRd(p,m)d(p,l) 

d(q,m)d(q,l)

𝑑(𝑝.𝑚) = 𝑟 ≈
𝐻𝑇
𝑠𝑖𝑛𝜃

𝑑(𝑞.𝑚) = [(𝑟 + 0.5𝑠𝑡𝑐𝑜𝑠𝛼)
2

+ (0.5𝑠𝑡𝑠𝑖𝑛𝛼)
2]1/2 

𝑑(𝑝. 𝑙) = [(𝑟 − 0.5𝑠𝑟𝑐𝑜𝑠𝛽𝑐𝑜𝑠)
2

+ (0.5𝑠𝑟𝑠𝑖𝑛𝛽𝑐𝑜𝑠)
2]1/2 

𝑑(𝑞. 𝑙) = [(𝑟 − 0.5𝑠𝑟𝑐𝑜𝑠𝛽𝑐𝑜𝑠 + 0.5𝑠𝑡𝑐𝑜𝑠𝛼)
2

+ (0.5𝑠𝑟𝑠𝑖𝑛𝛽𝑐𝑜𝑠
− 0.5𝑠𝑡𝑠𝑖𝑛𝛼)

2]1/2 

𝑑(𝑞.𝑚) = 𝑟 + 0.5𝑠𝑡𝑐𝑜𝑠𝛼

+
(0.5𝑠𝑡𝑠𝑖𝑛𝛼)

2

2(𝑟 + 0.5𝑠𝑡𝑐𝑜𝑠𝛼)
𝑟≫𝑠𝑡
→  𝑑(𝑞.𝑚)
= 𝑟 + 0.5𝑠𝑡𝑐𝑜𝑠𝛼

+
(0.5𝑠𝑡𝑠𝑖𝑛𝛼)

2

2𝑟

𝑑(𝑝. 𝑙) = 𝑟 − 0.5𝑠𝑟𝑐𝑜𝑠𝛽𝑐𝑜𝑠

+
(0.5𝑠𝑟𝑠𝑖𝑛𝛽𝑐𝑜𝑠)

2

2𝑟
 

𝑑(𝑞. 𝑙)
=  𝑟 − 0.5𝑠𝑟𝑐𝑜𝑠𝛽cos + 0.5𝑠𝑡𝑐𝑜𝑠𝛼

+
(0.5𝑠𝑟𝑠𝑖𝑛𝛽cos− 0.5𝑠𝑡𝑠𝑖𝑛𝛼)

2

2(𝑟 − 0.5𝑠𝑟𝑐𝑜𝑠𝛽cos+ 0.5𝑠𝑡𝑐𝑜𝑠𝛼)

𝑟≫𝑠𝑡.𝑠𝑟
→     

𝑑(𝑞. 𝑙)   
=  𝑟 − 0.5𝑠𝑟𝑐𝑜𝑠𝛽 cos+ 0.5𝑠𝑡𝑐𝑜𝑠𝛼 

+
(0.5𝑠𝑟𝑠𝑖𝑛𝛽cos− 0.5𝑠𝑡𝑠𝑖𝑛𝛼)

2   

2𝑟
 

H

< ℎ𝑖 . ℎ𝑗 >𝑖≠𝑗= 0 

< ℎ𝑖 . ℎ𝑗 >𝑗≠𝑖=∑𝑒𝑗2𝜋[𝑑(𝑖.𝑚)−𝑑(𝑗.𝑛)]/

𝑛𝑡

𝑖=1

= 0     .   ∀ 𝑚. 𝑛 
∈  {1.2.∙∙∙. 𝑛𝑟}

2𝜋[𝑑(𝑝.𝑚)−𝑑(𝑞.𝑚)−𝑑(𝑝.𝑙)+𝑑(𝑞.𝑙)]


= (2𝑘 + 1)𝜋 →  

𝑑(𝑝.𝑚) − 𝑑(𝑞.𝑚) − 𝑑(𝑝. 𝑙) + 𝑑(𝑞. 𝑙)

= (2𝑘 + 1)


2
 

𝑠𝑡𝑠𝑟𝑠𝑖𝑛𝛼𝑠𝑖𝑛𝛽𝑐𝑜𝑠

2𝑟
= (2𝑘 + 1)



2
→ 𝑠𝑡𝑠𝑟

= (2𝑘 + 1)
𝐻𝑇

𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝛼𝑠𝑖𝑛𝛽𝑐𝑜𝑠
 . {𝛼. 𝛽. 𝜃} ≠ 0.

≠
𝜋

2
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 αβHT



R>0

MIMO

no-CSI14

Cerg = W∑log2 (1 +
iPT
nTσ

2
)

r

i=1

= Wlog2∏(1+
iPT
nTσ

2
)

r

i=1

= Wlog2 |InR +
PT
nTσ

2
HHH|

Wir

HHH

𝐶

= log2[1 + 4γ

− γ2(2 + e−j2π(−d(𝑝.m)+d(q.m)+d(p.l)−d(q.l))/

+ e−j2π(d(p.m)−d(q.m)−d(p.l)+d(q.l))/)]

= log2[1 + 4γ

+ γ2(2

− 2Re{e−j2π(−d(𝑝.m)+d(𝑞.𝑚)+d(p.l)−d(q.l))/})]

γ = 10
SNR

10⁄ SNR =
Prx

PN

PrxPN

Prx(dBW) = Ptx(dBW) + G

PN(dBW) = 10 log(N0B) = 10log (kTeB)

Re{e−j2π(−d(𝑝.m)+d(𝑞.m)+d(𝑝.l)−d(q.l)/}

|−d(𝑝.m) + d(𝑞.m) + d(p. l) − d(q. l)|

= (2k + 1)


2
. k = 0.1.2.3…

Cmax = log2[1 + 4γ + γ
2(2 − 2 × (−1))]

= 2log2(1 + 2γ)

 Re{e−j2π(−d(𝑝.m)+d(𝑞.m)+d(𝑝.l)−d(q.l)/}

|−d(p.m) + d(q.m) + d(p. l) − d(q. l)|

= 2k


2
 .  k = 0.1.2.3…

Cmin = log2[1 + 4γ + γ
2(2 − 2 × (+1))]

= log2(1 + 4γ)

 H 

SNR

SISO

MIMO

H

GHzMIMO-HALE-UAV

srst 
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srst 

HALE

(𝑠𝑟 = 30 𝑚) 

𝑠𝑡𝑠𝑟 

(𝑠𝑡𝑠𝑟)

(𝑠𝑡𝑠𝑟) 

(𝑖) 

 =
(𝑠𝑡𝑠𝑟)𝐴𝑐𝑡𝑢𝑎𝑙
(𝑠𝑡𝑠𝑟)𝑂𝑝𝑡𝑖𝑚𝑎𝑙

=
(𝑠𝑡𝑠𝑟)𝐴𝑐𝑡𝑢𝑎𝑙𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝛼𝑠𝑖𝑛𝛽𝑐𝑜𝑠

(2𝑘 + 1)𝐻𝑇


𝑠𝑡𝑠𝑟

𝑠𝑡𝑠𝑟

اول يويدر سنار ةنينه و کميشيت بيظرف ةسيمقا. 2 شکل

تک  -. مقايسة ظرفيت بهينه با ظرفيت کانال رايلي و تک ورودي 3 شکل

 خروجي

هاي فرستنده به شرط تعامد  . حداکثر پوشش و فواصل بين آراية آنتن4شکل 

 ها زيرکانال

MIMO|𝑊 − 𝐼|

W

𝑊 = {
𝐻𝐻𝐻                                           𝑖𝑓 𝑛𝑡 ≤ 𝑛𝑟

  𝐻𝐻𝐻                     𝑖𝑓 𝑛𝑡 > 𝑛𝑟                

(2 − )2 − 2 − 𝑒
𝑗2𝜋𝑐[ 𝑑(𝑝.𝑚)+𝑑(𝑞.𝑙)−𝑑(𝑝.𝑙)−𝑑(𝑞.𝑚)]

𝑓

− 𝑒
𝑗2𝜋𝑐[ −𝑑(𝑝.𝑚)−𝑑(𝑞.𝑙)+𝑑(𝑝.𝑙)+𝑑(𝑞.𝑚)]

𝑓 = 0

1.2 = 2 ± [2 + 2𝑐𝑜𝑠 (𝜋
2]1/2

CN

MIMO

CN
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MIMO

𝐶𝑁 =
max (𝜎𝑖)

min (𝜎𝑖)
          𝜎𝑖 = √𝑖

𝐶𝑁 = √
2 + [2 + 2cos (𝜋2]1/2

2 − [2 + 2cos (𝜋2]1/2

 CN



CNstsr

CN

MIMO-HALE-UAV

αβ

αβ

bps/Hzbps/Hz()

α

β

γr(
dB

km
) = arRr

br

Rr 

mm/harbr

Lr = γrdr

dr

dr = |Hr − HR|/sinθ

Kr(dB) = { 16.88− 0.04Rr  dB    Rr ≠ 0
∞                           dB     Rr = 0

Rr=0

(HLOS)Rr≠0

SNR̅̅ ̅̅ ̅̅ =
|√GH|

2
E[s(t)2]

E[n(t) ∙ n(t)H]
= E

(H2)

[|H2|] GPs
N0InR

= E
(H2)

[|H2|] PT
σ2

hij

SNR𝑖 =
𝑃𝑇

𝜎2
|ℎ𝑖𝑗|

2

SNR

MIMO

𝑓𝛾(𝑥) =
𝑥𝑁−1

�̅�𝑁(𝑁)
𝑒
−
𝑥
�̅�

�̅�i

N=nt×nr][

Fγ(x) = [1 − exp (−
x

γ̅
)]N

fγ(x) =
N

γ̅
[1 − exp (−

x

γ̅
)]N−1exp (−

x

γ̅
)

N = nT × nR
(CDF)

(PDF)N

Pr(C < Cq
Outage

) = q

q

q1Cq
Outage
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Pr(2log2(1 + 2γ) < Cq
Outage

)

= q 

⇒ Pr (γ <
2Cq

Outage
/2 − 1

2
)

= q

PDF

 

Pr (γ <
2Cq

Outage
/2 − 1

2
)

= ∫
N

γ̅
[1

2
Cq
Outage

/2
−1

2

0

− exp (−
x

γ̅
)]N−1 exp (−

x

γ̅
) dx

= q

Cq
Outage

= 2(log22γ̅ln
1

1 − q
1
N

+ 1)

CCDFPr(C > Cq
Outage

)

Pr(C > Cq
Outage

) = 1 − Pr(C < Cq
Outage

)

= 1 − [1 − exp

(

 −

2Cq
Outage

/2 − 1
2
γ̅

)

 ]N

𝑃𝑟(𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 > 𝑅)

PtGt Grf

CCDF

Lr

SNR

SNRe-e

CDFCDF

PDF

hij

SNR =
𝑃𝑇

𝜎2
|ℎ𝑖𝑗|

2

SNR

MIMO

POutage = P(γ < γth) = Fγth(γ)

= [1 − exp (−
γ

γth̅̅ ̅̅
)]N

N = nT × nRγγth 

SNR

N=nt×nr γth

ASER

CDF

MGF20

MGF

Mγ(z) = ∫ e−zγ
∞

0

fγ(γ)dγ

fγ(γ) 

Mγ(z) = ∫ e−zγ
N

γ̅
[1

∞

0

− exp (−
γ

γ̅
)]N−1exp (−

γ

γ̅
)]dγ

Mγ(z) =
N

γ̅
∑

(−1)k (
N − 1
k
)

z +
k + 1
γ̅

N−1

k=0

MGF

MPSK

gMPSK = sin
2 (

π

M
) φ = (M − 1)π/MM

Pe̅ =
1

π
∫ Mγ (

gMPSK
sin2(θ)

) dθ
φ

0

Pe̅ = 𝑁∑(−1)k
N−1

k=0

(
N − 1
k
)
1

1 + k

𝑀 − 1

𝑀
{1

− √
𝛽

1 + 𝛽

𝑀

(𝑀 − 1)𝜋
[
𝜋

2

+ tan−1 (√
𝛽

1 + 𝛽
)cos

𝜋

𝑀
]}

𝛽 =
�̅�𝑔

𝑀𝑃𝑆𝐾

1 + 𝑘
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 ماتريس کانال CNدر مقابل  . تغييرات 5شکل 

 
 . تغييرات ظرفيت نسبت به ضريب خطاي 6شکل 

 

 α ةتغييرات ظرفيت نسبت به زاوي. 7 شکل

 

 

 ها آنتن ةجايي آراي هظرفيت نسبت به جابتغييرات . 8 شکل

 (و  )تغييرات زواياي  Yو  Xدر راستاي محور 

 

  

 سازي و تئوري . ظرفيت قطع شبيه9 شکل
. تابع توزيع مکمل تجمعي ظرفيت بيشينه وکمينه10شکل 

Rr=12mm/hوRr=42mm/h،Rr=28mm/hبراي
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  SNRتغييرات احتمال قطع . 11 شکل

 مختلف γthو  N=nt×nr يبه ازا

 متوسط احتمال خطاي سمبول. 12 شکل

 QPSKو  BPSKهاي  براي مدولاسيون

BPSK

QPSK

ASER=10-6 QPSK

BPSK4dB



SNR

KrHNLOS

HLOS

b/s/Hzb/s/Hz

(SER)

BPSKQPSK

HALE

[1] A. Aragón Zavala , J. L. Cuevas Ruíz , J. A. 
Delgado Penín, High Altitude Platforms for 

Wireless Communications, New York, USA: 
John Wiley & Sons, Dec.2008. 

[2] A. K. Widiawan , R. Tafazolli, High Altitude 
Platform Station (HAPS): A Review of New 

Infrastructure Development for Future Wireless 
Communications, Wireless Personal 

Communications, vol. 42, no. 3, pp. 387-404, Aug 
2007. 

www.SID.ir

http://www.SId.ir


Archive of SID
 

 107 1397و زمستان سال هفتم، شمارة دوم، پاييز 
 

طر
ضا 

در
حم

م
يحي

هد
د م

حم
، م

 ي
ور

د ن
نژا

ي
حس

مد
مح

 ،
ي

مدن
ن 

 ي

[3] David Grace, Mihael Mohorčič, Broadband 

Communications via High Altitude Platforms, 
John Wiley & Sons Ltd.2011. 

[4] L. Jamison, G. S. Sommer, I. R. Porche, High 
Altitude Airships for the Future Force Army, 
Technical Report 234, RAND Arroyo Center, 
Jan. 2005. 

[5] Ioannis Sarris, Andrew R. Nix, Design and 
Performance Assessment of High-Capacity 
MIMO Architectures in the Presence of a Line-
of-Sight Component, IEEE Transaction on 

Vehiclur Technology, Vol. 56, No. 4, July 2007 
[6] Emmanouel T. Michailidis, Athanasios G. 

Kanatas, Capacity Optimized Line-of-Sight HAP-
MIMO Channels for Fixed Wireless, IWSSC 
2009, International Workshop on Satellite and 
Space Communications. 

[7] H. Aamir, U. I. Qamar, MIMO channel modeling 
for integrated high altitude platforms, 
geostationary satellite/land mobile satellite and 
wireless terrestrial networks, J. Space Technol, 
vol. 3, 2013, pp. 19–26. 

[8] E. Falletti, F. Sellone, C. Spillard, D. Grace, 
transmit and receive multi-antenna channel model 
and simulator for communications from high 
altitude platforms, Int. J. Wirel. Inf. Netw, vol. 13, 
2006, pp. 59–75. 

[9] T. Hult, A. Mohammed, Compact MIMO 
Antennas and HAP Diversity for Enhanced Data 
Rate Communications , In Proceedings of the 
IEEE 65th Vehicular Technology Conference, 
Dublin,Ireland, 22–25 April 2007, pp. 1385-1389. 

[10] T. Hult, A. Mohammed, Z. Yang, D. Grace, 
Performance of a multiple HAP system 
employing multiple polarization, Wirel. Pers. 

Commun. Vol. 52, 2010, pp. 105–117. 
[11] Feihong Dong, Min Li, Xiangwu Gong, 

Hongjun Li, Fengyue Gao, Diversity 
Performance Analysis on Multiple HAP 
Networks, Sensors-Open Access Journal, 2015 

[12] J. L. Cuevas-Ruíz , J. A. Delgado-Penín, 
Channel model based on semi-Markovian 
processes, an approach for HAPS systems, in 
Proc. XIV InternationalConference on 

Electronics, Communications, and Computers, 
2004, 

[13] S. Iskandar, Shimamoto, Channel 
haracterization and performance evaluation of 
mobile communication employing stratospheric 
platforms, IEICE Transactions on 

Communications, vol. E89-B, no. 3, pp. 937-944, 
Mar. 2006. 

[14] F. Dovis, R. Fantini, M. Mondin, P. Savi, 
“Small-scale fading for high-altitude platform 
(HAP) propagation channels, IEEE Journal on 

Selected Areas in Communications, vol. 20, no. 3, 
pp. 641-647, Apr. 2002. 

[15] E. T. Michailidis, A. G. Kanatas, Three-
Dimensional HAP-MIMO Channels  Modeling 

and Analysis of Space-Time Correlation, IEEE 

Transactions on Vehicular Technology, vol. 59, 
no. 5, pp. 2232-2242, Jun. 2010. 

[16] A. G. Zajić, G. L. Stüber,Three-dimensional 
modeling, simulation, and capacity analysis of 
space-time correlated mobile-to-mobile channels, 
IEEE Transactions on Vehicular Technology, vol. 
57, no. 4, pp. 2042-2054, Jul. 2008. 

[17] A. Paulraj, R. Nabar, D. Gore, Introduction to 

Space-Time Wireless Communications, 
Cambridge, UK: Cambridge University Press, 
2003. 

[18] I. S. Gradshteyn, I. M. Ryzhik, Table of 
Integrals, Series and Products, 6th ed. San Diego: 
CA, Academic Press, 2000. 

[19] Specific attenuation model for rain for use in 
prediction methods, International
Telecommunication Union, Geneva, Switzerland, 
ITU-R P.838-1, 1997. 

[20] H. Xu, T. S. Rappaport, R. J. Boyle, J. H. 
Schaffner, Measurements and models for 38-GHz 
point-to-multipoint radiowave propagation, IEEE 
Journal on Selected Areas in Communications, 
vol. 18, pp. 310-321, Apr. 2000. 

[21] J. G. Proakis, M. Salehi, Digital 

Communications, 5th ed., McGraw Hill Higher 
Education, 2008. 

[22] M. K. Simon, M. Alouini, Digital 

Communication over Fading Channels, 2nd ed., 
Wiley-IEEE Press, Nov. 2004.

 

www.SID.ir

http://www.SId.ir


Archive of SID
 

 هوافضا يدانش و فناور نشرية علمي پژوهشي 108
 

يل
حل

ت
 و 

بيه
ش

 
زي

سا
 

رد
لک

عم
 

ال
کان

 
طي

تبا
ار

 
پاد

په
 

اع
رتف

ا
 

ند
بل

 
ند

چ
 

ني
آنت

 با 
 در

ظر
ن

 
تن

گرف
 

يط
شرا

 
وي

ج
 

                                                            
1. MIMO-HALE 
2. near space 
3. Cloud Computing and Storage 
4. large scale distributed networks 
5. internet of things 
6. 5G 
7. wireless sensor networks 
8. high altitude long endurance 
9. high altitude platform 
10. multi input-multi output 
11. rich scattering 
12. indoor 
13. virtual-MIMO 
14. symbol error rate 
15. single input-single output 
16. full rank 
17. ranko 
18. eigen value 
19. condition number 
20. singular value 
21. cooperative communication 

www.SID.ir

http://www.SId.ir

