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Performance of Channel Estimation and Frequency-Domain
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ABSTRACT

This paper presents a study of the channel estimation and equalization for the command and control data link
between a moving UAV(Unmanned Aerial Vehicle) and ground control station. To do this, we introduce a
air-ground channel model and apply a frequency domain equalization based on a single carrier. And we propose
a method to interpolate channel response from data interval using estimated channel information in estimation
interval to overcome the temporal variations of the channels that occur by high speed moving of the UAV. The
simulation was conducted on air-ground multipath channel with Jake’s model to compare the error performance
according to use of this method. We checked that changed channel is tracked when proposed method is used by
comparing the estimated channel response and real channel in the frequency domain. Finally, we can know that
the channel estimation and equalization method using the proposed method has a better BER(Bit Error Rate) than

the case where the interpolation is not used from the uncoded BER perspective.
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Table 1. Channel model parameter

Tap #| Delay(us) | Power(lin) Fading Doppler
process category
1 0 0.73 Rician
2 1.6 0.031
3 32 0.034
4 4.8 0.051 Jakes
Rayleigh
5 6.4 0.061
6 8.0 0.042
7 9.6 0.051
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Fig. 1. Example of Air-Ground channel, (a) Time
domain, (b) Frequency domain
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Fig. 3. Channel equalization based on Interpolation

7(n)=Pn—1)u(n) ®)
_ 7(n)

k —)\+uH(n)7r(n) ,0< <1 )
e(n)=r(n)—h%(n—1)uln) (10)
h(n)=hn—1)+EkMn)e (n) 11

Pn)=Xx"'P(n—1)
Nk Pe-y P
R(0)=0, P(0)=6"T 13)
- wo] FPABFE eplH, ks o] 5HE, e

FA 03}, P AR A, w W e R T}l
2l A7) i) e S, AL 5 B Al
5 vehich (13)412 Gt s 34 |le] 2

< Es, 5= 209 A4 03 1= 7Ht ovle]
of whelgiadS vhepdch (1A} 282 2% gAle]
e A Y 9 oleh 2L T doew
HEks Fol 53}l o] gErk.

)= S htm)e M k=0 M1 (14)

Z=A% AL 7uke 2 MMSES E3t Adsst
sigc). Fu4=od < oll4 MMSE ﬁ-@PH )

e
dhof e 440w AelF,

) = YW H (®)
|7k +o?

A~ = LS & [e)
Vi A8 AlEe] T g, o 4hg, X

s3] 299 =gl webd X el ogwg
(Inverse Fourier Transform)®] ¢34+e- E3l A|7kode
o] Al w wghkEo] Ade] BAME AlEe] ¥
AubAQl A5} Ak dlolel77ke] oF
_C,L]i]%} j_]_O]E/ﬂ\oﬂ/H xﬂgg_/\g S AgHdor _i,_;ds]._,__)
1 5Ad7 FAAE viEke R dlo]e el A A dE
317} o] FozIck ARt FAlEHAEL] FA o <l
g wEe] adhs o] A7kl Wsks frdale,
A=) o} dlolelF7kell A 2] AA| A 7ol A7)
= AR AL AR o] Fo XA Fel &
3], 3} el SF(Pilot slot) Hell Ao} AR
dlolel7} &g 7-$-all Ho]E] £-34(Data slot)o] 2|
Aeh= Al7te] A4E 24} gho] AR wiitel FAl
s A3k= Alsixlck
:La 3 o] Flelxe] AL EAS B
Fgale] Az, A7 o FAAR Ad5EE
Tsﬂfﬂ»c S vehdl Zlolek FFT E-5(Block)w
A& AikE Fealr] S8 £ s shdsis)
dlolelE vray, dlelele] 7]das e wa vius
FMini slot)o]z} Tl &S] ddol &
A& 735, dlolel k] k=t Floll 242k EAfshe
Aol EFollA flollA] QlFa LS = RLS W]
< o443 ko) ALEN M7 H,E FHE S
ol o5 FAAE viEe R 7F vUERe| ddehe
iHLéTXé 2 BARY o 2 AR Ak

ol

i‘ﬂ’_lm

mlo

§° °lﬂ L‘

~ (Nt 1) H, (k) +ndy (k)

,(k) = Vil ) (16)
n=1,.,N
_ Y, (k) i (k)
\H, (k)] +,

www.dbpia.co.kr



o
=

1

(16)22 oA wU&Fe] QdFAHelw, (17)
Ao AN FHe Tai) 483 o2 e 4
(1620l EaA Hgsle] 7
T otk & U £2Y dite] alE R FlE]
Alolo]| ShE]i= dlolE] &2e] v} RS2 il
o] Folga, FAA7F AgHRI). w3k =5 &
Lé 94 JHkA ZkR e} HlolE] 77ke)

Adzo] b5 sk

o] 8PSKE WZE 3k wHxd dojg] A&
FFT &5 ]9 4ks 18t nlU&E
gt spelsls Tk HolE ati s}oﬂv} I}
2 Alolel] EABI= dlole] Pk AL WSt
oS ukS £ QL E ZE grfe] WL &R o Z 7A
(N=9)=3ct CP= Ao FA|AAZLE FH3]
aEfste] Zh iy wix e 2409] Al Bo] AR
== slgich

HA A dFAutAlel] e 490 1 494 2
o] 2els) mgkr}. AL sjalel Tkl o] AA| A
D3HEAT A9t eAHARS Vel Ao
v, vtER AL ol F WA vU&EY] Ad-SHE
Az gz 8 53 4 k] 23R
Egit) gdgl el Al Tk o
2] LSell H]3l A17k3%] RLS7} v 2hrh= RS o

m&ru

2 o

—1>J

F 2. Az el

Table 2. System parameter

Parameters Value
Center Frequency Band UHF
Bandwidth 2 MHz
Modulation 8 PSK
Data symbols per Slot 256
Pilot size per Slot 256
Ccp 24
FFT size 256
No. of Mini Slot 9

x10° Frg. D estimation Error variance.Fading, 200 km/H
12
LSo
Ls9
L R T e RETLL NS, mLsof
——RLS9
AL T A — [R— — —_—
4] ' ' ' . .
a8 : ! I : .
=
5
o] Ty SRR T SRR
&
w
04
0.2 :
“" NI H
0 [—Se=noos E d
0 5 10 15 20 25

T8l 4. AR oA
Fig. 4. Channel Estimation error variance

Al7kede] FAell= Ade Hd A|AA7E:
gk 4 "jo] o]4=]7] wiitol] 2] 34 =l sl
k= ARgo] od gkl wiA| Fo} wbHel| Fulpedy F
A2 FFT Z7|wHg skd3l Aubel] B25 3hs-9] o
S W] wtel] AR A At ARA =
o olefsl A A= Al o) AH8H|(Signal to
Noise Ratio, SNR)7} AA4F Fol== ofAS- Hal
o} SRt ol WA S5kl 4 22k SNRe| u}
2} ZhawA] odor 938 A= A= A
ol Tl 7k dlole] ko] AEEA]
Aolste] v oA Tl ke FAAE o83

Ad53Pt ofFths AMLS HkgRic). SRk 2iub
o2 RLSWAo] LSHAol] w]3)] 34 A} 4 Fho]
Aojrh

e S 28 dnsts 4% -
A et aat 7zt pluERel sgsle T ©
Aol Hd-gHS 17 59 o] Fls) Wkt
a2 Az RLSFAS 7ke g s 97l vlu&Ee]
HEeA HAF gro]l 1.54x 10770 LSFAO
3.86> 107" Hr} 2o} A A=) o] fAlgE F40)
7]——5111;} H]i L=t _'JJH]—N 7},] HF o BAF %}—o]
tER2kE, BS 83k 2 Ade] WskE A
HVL& A 5 9L o 5 vk & wahs

St Ade] Wsks 43 4 ola nkE A

—O—EM A A S 7sAel slvks Zelch

AdSdu] 2 Bz &8 {5l whE $AIA
S vlasly] ¢lEiA] SNRel| W AR5} A
2%]2] 958 Uncoded BERE &gl A3} 18] 63}
72 oS Bk Adel ogk A sHistE
Z3l7] SleiA F Aol 9709 miyER 4l dlolE

Rt

i

N o

[o3

2

oL

1321

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-07 Vol.42 No.07

E o R A WA mUEEelx] Al WA, A
Aol 2] oA HA7EA], 3 HA oA o}F HA7IA|
9] 74 BER Ao 333tk vl (Marker)7} 91
€ AAE 3 A P eR717]9] BERS v,
A, A, R v 2 Al A, A A, ol
7FA12] 74 BER 5% Hehdl 7ol

EEIIRESS
)}, B AxS BA3517] 98] BER 1048 A2~ A]

—

g2 A58 BE SFx]Q] o|abdal Ade- o
83 o2 A% uae] 7|Fe] Hu] HRe o} A
ok 23 69 (a)=
A AR AselH, (b HAPHE

O:

¢

E

ik
i
-
off
12
=
w
o
=
o
ofr
filo

ol-83F A A Aotk sl AR
7S o6 A, A Hsp A2 A HA &

Frg.response Magnitude,Fading, 200 km/H, SNR 25 dB

A

\
\
\

0.858 ‘
\

0.856 Ref D1
—e—Ref D3
—+—RefD6
0.854 1| —p—Ref D9
LS D1
LS D3
LS D6
LS D9
085( ——RLS D1
—e—RALS D3
——RLS D6
0848) ——pRLs DY : i

100 105 110 115 120 125 130 135 140 145 150
Subcarrier Index

38 5. Fokrele] A9 wla
Fig. b. Frequency domain channel response comparison

F71A9] A% A¢lska BER 10~
wolx| Hahek pluzge] Sl ulellsle] Az}
A%Lm, SNR3I} 24¢lo] 44 BERE 45 <

F Z290|(Error Floor)7} T=g|git} Hlsel] W7
& o] g3 SIS ol g3hl Teld wE A9
Hsle] BER 107'olske] 452 ngieh 3 WA &
F1bg 75k RLSFY A$oliz 7120 A353)
v n o} AAE7)ER o4 ¢k 1dB A3 Roich
el A} b AR ok A <R
welsk Lol 79, mae sk o
7)) olste] Aeg nolFA| Tk
2831 7J-9-0]|== SNR 24dB ©]A}H-E] /141-_7]
_._5]_0114 LSQ]— RLS 2—]H]—/\loﬂ Lq—E’ /ﬂ-—z}o]
57172914 RLSFA40) 2dB o502 <kick

=

o{.
[o
)

y;:
~
o

TN
fr alo
oX L o

1322

Uncoded BER curve Fadmg 200 km/H

Uncoded EER

I I
0 5 10 15 20 25

SNR [dB]
(a)
o Uncoded BER curve Fading, 200 km/H
10 B e

2 Known 1
10 g —e— Known 3
—+— Known 6
-3[| = Known 9
i LS1
LS 3
10'4 U LS 6
LS9
—RALS 1
10" —e—RLS 3
—+—RLS6
—0—PRLS9 | ;

0 5 10 15 20 25
SNR [dB]
®
T2 6. Uncoded BER A5, (a) 7139, (b) BHiPHE
g3k wg
Fig. 6. Uncoded BER performance, (a) Conventional
method, (b) Interpolation method

Uncoded EER
=

B =S olEshe Felvlofe] BAlRAE A1
I BAle) AFAE Frslke Wkl B 93
A BAPEE o83 A S E Alskslalnt o)
Sh= s 7M7) S1s) ehekdt @

Bl Pl Lok, 2)ak Adee] Ad el

d

A7E o w 7] BEAEE A A B
slelch Ade) 2471w 340, w0
& o4 AES} 7PHol B IS 91 B

AR T A A Adellx B RS Alsisint.
LS, RLS F47]ell up F4 e ARiAkE v) s}
A, 7 piEsel sdehe A -Sae Eelgons
Ak WL o]8shd ARkl wieh Wskehe A

2

www.dbpia.co.kr



=] 2EEA H2E S AdRA 2 Ty A A

A A 24T ¢ dSs ¢ T AUtk 1 domain  equalization  for  single-carrier

2]31 SNRel| w2 Uncoded BERE 41 A58 v broadband wireless systems,” IEEE Commun.

gk A, 7|20 T3PS o4 A Sl Ald Mag., vol. 40, no. 4, pp. 58-66, Apr. 2002.

A= 7132l BER 10 *& wlEA)7)#] E3)A|qF B7}F [91 Y. R. Zheng and C. Xiao, “Channel estimation

Ho] A8x AdSIE o)8spd As 7|EHE 1 for frequency-domain equalization of single

=319t} carrier broadband wireless communications,”

IEEE Trans. Veh. Technol., vol. 58, no. 2, pp.
References 815-823, Feb. 2009.
[10] N. Al-Dhahir, “Single-carrier frequency-domain

[11 Y. J. Ryuand J. M. Ahn, “Optimum elevation equalization  for  space-time  block-coded
angle control of the receiving antenna for the transmissions over frequency-selective fading
long distance air-ground common data link,” channels,” IEEE Commun. Lett., vol. 5, pp.
KICS Inf. and Commun. Mag., vol. 41, no. 11, 304-306, Jul. 2001.
pp. 1528-1538, Nov. 2016. [11] N. Benvenuto and S. Tomasin, “Iterative

[2] B. Canis, Unmanned Aircraft System(UAS): design and detection of a DFE in the
Commercial Outlook for a New Industry, frequency domain,” IEEE Trans. Commun.,
Congressional Research Service, Washington, vol. 53, pp. 1867-1875, Nov. 2005.

2015. [12] J. Coon, M. Sandell, M. Beach, and I.

[31 J. W. Lee, “Rain attenuation analysis for McGeehan, “Channel and noise variance
designing UAV data link on ku-band,” KICS estimation and tracking algorithms for
Inf. and Commun. Mag., vol. 40, no. 7, pp. unique-word based single carrier systems,”
1248-1256, Jul. 2015. IEEE Trans. Wireless Commun., vol. 5, pp.

[4] K. H. Lee, D. H. Lee, D. H. Lee, S. J. Jung, 1488-1496, Jun. 2006.
and H. J. Choi, “A resource scheduling based [13] D. W. Matolak and R. Sun, “Unmanned
on iterative sorting for long-distance airborne aircraft ~ systems:  Air-ground  channel
tactical communication in hub network,” KICS characterization for future applications,” IEEE
Inf. and Commun. Mag., vol. 39, no. 12, pp. Veh. Technol. Mag, vol. 10, no. 2, pp. 79-85,
1250-1260, Dec. 2014. Jun. 2015.

[51] B. S. Song, H. C. Lee, and S. B. Kim, [14] D. W. Matolak, “Air-ground channels and
“Mount location simulation of UHF-band models: Comprehensive review and
Omni-Directional antenna for smart UAV,” considerations for unmanned aircraft systems,”
KICS Inf. and Commun. Mag., vol. 38C, no. in Proc. IEEE Aerospace Conf., pp. 1-17,
11, pp. 982-989, Nov. 2013. Montana, USA, Mar. 2012.

[6] N. Souto, R. Dinis, and J. C. Silva, “Impact of [15] W. C. Vergara, J. L. Levatich, and W. C.
channel estimation errors on SC-FDE Carroll, “VHF Air-Ground propagation far
systems,” IEEE Trans. Commun., vol. 62, no. beyond the horizon and tropospheric stability,”
5, 1530-1540, May 2014. IRE Trans. Antennas & Prop., pp. 608-621,

[71 A. Czylwik, “Comparison between adaptive Sept. 1962.

OFDM and single carrier modulation with [16] R. W. Sutton, E. H. Schroeder, A. D.
frequency domain equalization,” in Proc. Thompson, and S. G. Wilson, “Satellite-
IEEE Veh. Technol. Conf., pp. 865-869, Aircraft multipath and ranging experiment
Phoenix, Arizona, USA, May 1997. results at L-band,” IEEE Trans. Commun., vol.

[8] D. Falconer, S. L. Ariyavisitakul, A. 21, no. 5, pp. 639-647, May 1973.

Benyamin-Seeyar, and B. Eidson, “Frequency [17] J. D. Parsons, The Mobile Radio Propagation

Channel, 2nd Ed., John Wiley & Sons, New

1323

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’17-07 Vol.42 No.07

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

1324

York, 2000.

J. R. Child, “Air to Ground Propagation at
900 MHz,” in Proc. IEEE Veh. Tech. Conf.,
pp- 73-80, Boulder, Colorado, USA, May
1985.

P. Hoeher and E. Haas, “Aeronautical channel
modeling at VHF band,” in Proc. IEEE Veh.
Tech. Conf, pp. 1961-1966,
Netherlands, Sept. 1999.

Q. Feng, J. McGeehan, E. K. Tameh, and R.

R. Nix, “Path loss models for air-to-ground

Amsterdam,

radio channels in urban environments,” in
Proc. IEEE Spring Veh. Tech. Conf, pp.
2901-2905, Melbourne, Australia, May 2006.
J. Berger, “L-Band Channel Modeling,” in
Proc. IEEE/AIAA Integrated Commun., Navig.,
& Surveillance Conf., Baltimore, MD, May
2006.

J. Kunisch, 1. de la Torre, A. Winkelman, M.
Eube, and T. Fuss, “Wideband time-variant
air-to-ground radio channel measurements at 5
GHz,” in Proc. 5th Eur. Conf. Ant. Propag.,
pp. 1386-1390, Rome, Italy, Apr. 2011.

J. Proakis, Digital Communications, 4th Ed.,
McGraw-Hill, Boston, MA, 2010.

Z. Cheng and D. Dahlhaus, “Time versus
frequency domain channel estimation for
OFDM systems with antenna arrays,” in Proc.
Int. Conf. Sign. Proc., pp. 1340-1343, Beijing,
China, Aug. 2002.

J. J. van de Beek, O. Edfors, M. Sandell, S.
K. Wilson, and P. O. Borjesson, “On channel
estimation in OFDM system,” in Proc. IEEE
45th Veh. Tech Conf., pp. 815-819, Chicago,
USA, Jul. 1995.

S. Haykin, Adaptive filter theory, 4th Ed.,
Prentice hall, New Jersey, 2001.

& &t = (Chan-Ho Hwang)

2013 8 : gh=psf|eEt
Aagas) 4

20151 8 : gh=rsl ekt
sk gt A}

20163~3 )] : =ufzpsled LA
b
2 <o AR E4L, Al

12

Rl

Z M Al (Jaesin Kim)

2008 2¢ : wEEm A7)
Arpdagahy 24

20104 24 : st Az}
7188} At

2010~ A : Fulaletod 4

“

LSRR
<Al A B, AlE
el

7 9 X (Young-Jae Ryu)
20004 24 - AEHEaL AiA}

I

o

A7gEht £
20029 249 : AEdEm ZHA}
8k AAt

20023~ : FaFajated i

<Al Rop AR dlolE]
9=, T Al

www.dbpia.co.kr



	무인기 조종통제 링크를 위한 채널추정 및 주파수영역 채널등화 성능
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 공중-지상 모사 채널
	Ⅲ. SC-FDE기반 등화 및 채널추정
	Ⅳ. 모의실험 결과
	Ⅴ. 결론
	References


