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LDD-TDMA BN I 55 5 T 76 554 15 S o B, o )
gk R AT AR 5 A48 1 S R R SR DR
N AT IR DS KB 51481 s I TR L

T , 25 1 LDD-TDMA P33UFEAS 5] B B 9T 56 1%
I DIRE , B AR T AR RE

FEARTT S BB B VR A5 PR A A
JEAT 33 A SR R AR i, ELR AR AUk IR
ANEA VRS N, 25, I8 SR s g A7
i H bk 5 E AT SR T 15 858 5 R
O B 2 Bl ] 5 401 A5 R B BE AR A 7E
AT R B RIS 30 3 SR FH 3 15 5 B ] 3
TESREEEN T EN RS B SNER, &
Jei , TEBE AL o B, ARk o 1) rp 4y A 5 47T s Y
P B 22 TR G DS KB, o i 18 F =2
S, VR AR RO Ak 28 H T R

3 EiptEeeH

AATX LDD-TDMA PMSGHEATEAR , -4 5 7E
Y5 K BT BRI 3 38 R/ INUA K el LDD-
TDMA P8 20 %, B B K B 43 B3 £5, %F LDD-
TDMA P OGS i S e TR =

1 TPk WU S T 4
AR FR R AL N A M T R B LA 5T B AR
PLS ML R VERIBEIN, 203 R R d, ,d,,
cd, ,0=d, <d, <d, < <dg <dg,, =R, % H
AT T A5 PR B DX A T R 43 A5 30 1 AR d, Ak
RIBEIER K N, Y90S HCH

2
d, = ?dz =a,d,

(3)

dy =

R =a,R
3_(1?(—1 ‘

fif, LDD-TDMA f4~F- 257 i B4 B 35 2 5 /ML,

WERA  ZEAESE 0 TDMA B, Bir A 45 45 /) DS
e g 4y HR B B At 1 1T A TR, Rk, N
A DS KEEM MR , B B B 5 508757 45 0 4

B A S Tl A5 AR R, Mi7E LDD-TDMA 7, i
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1
ﬂil(dl ydy e, dy) :P<3d? - 2d,d,)

1
ﬂ12(d1ad2"",d1() :P(?’d; - d? - 2d,d;)

1
fdk(dl vy, dy) :E(?’di - dz—l - 2dkdk+1>

1
fu(dydy, - dy) = E(w; —-d;_, - 2Rd,)
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2 0.85R 0.67R R
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4 0.77R  0.44R 0.66R 0.84R R
5 0.75R 0.39R 0.57R 0.73R 0.87R R
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BLI)[)-’I‘I)MA - 4£ + C (8)
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24C O HEBUR, RIET S S 1Y DATA B8 14 5
BFE] 5 H A 5 D Y ACK &5 a) 22 Fin ok H
LDD-TDMA B35 TTS BhsAH b, 76 A B I &
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M(9) AR TELEE R Al e W, B C B934 RBA 4L
PR B B S 23 25 R
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%X 2 LDD-TDMA t#ii5 TTS # Lt IR S M REIE 2R
(R=200 km, C=0.001 s)

IrIAEK SEREES f/km  BRIBKEES 1,/ %
2 170.37 8.47
3 159.17 11.67
4 153.22 13.37
5 149.51 14.43
® 133.33 21.05

HI A3 (9) AR 43 38 BT HE Ok /Y BSR4
to, NER 2 FiR, #2444 T4 R=200 km, C =
0.001 i, 73 3RANE50 0 R 2~ 5, DL R o Ak
Troo BRHAYAT IR 25, MNFR 2 R, Bl 20 B 00 386
K, PRI e i BRIE 1 25 3 K. 24 R=200 km, C
=0.001 s B}, 2PFRAHBON 4 BF P R 943 BRI 25 | 5
GYIRASECR 5 BT SR ) 43 PR 25 L 2e 0, K
HE— 25 RGN 3 PR AN B8, BTty SR 19 20 A3 25 18 4
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N SIS AR () RISt —3, WE S AT
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(RBETIN 14 25 A3 B0 A28 /N 12 S5 10 R A AE P
() LDD-TDMA PR 45 53 B 5508 22 D B0 25
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SEH
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PEAEHIN ZE 4 0.001 s B, 78 LDD-TDMA i i) 52
R A e, R 0K a5 A X R o R 4 A4
IRRI AT SRS 13.37% 125
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A Link Distance Division Based Time Division Multiple Access
Protocol for Directional Aeronautical Relay Networks

YAN Zhongjiang, LI Qiangian, LI Bo, YANG Mao

(School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; In directional aeronautical relay networks, the airplane relay explores the advantages of the directional
antenna, in terms of long transmission distance, low transmission power, small interference range and so on, to
help the ground nodes transmitting data. However, data transmission delay extension problem occurs when the dis-
tance of the transmission link extends, where the wireless signal transmission time approximates the data transmis-
sion time such that the wireless signal transmission time cannot be omitted. To address the data transmission delay
extension problem, a link distance division based time division multiple access protocol, LDD-TDMA , is proposed
in this paper. Different from the traditional TDMA protocol, where the time slots are equal and are determined by
the longest transmission link, the length of the time slots are different and are determined by different transmission
links. Furthermore, the concept of communication coverage ring is proposed where the nodes located in the same
ring communicate with the relay utilizing the same time slot length. The relationships between the number of rings,
the ring radius and the transmission range of the LDD-TDMA are modelled and derived as a closed formula, where
the ring radius are optimized such that the gain is maximized. Simulation results show that LDD-TDMA outperforms

TDMA by 13.37% when the transmission range is 200 km and the ring number is 4.

Keywords: directional aeronautical relay networks; multiple access protocol; link distance; data transmission

delay extension; communication ring
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