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A Study on Optimal Location Design Using Antenna Addition for Improving
Air-to-Ground Communication Radios
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Abstract

In this study, we propose an antenna optimal positioning method for improving air-to-ground communication radios. To maximize
the RF performance of communication radios and perform effective communication, a comprehensive and systematic process is devel-
oped by considering the structural impact, cable harness, and RF performance of additional antenna installation. The proposed method
is applied to aircraft subjected to IFF performance improvement to optimally design IFF and GPS antennas. In addition, AIMS platform
certification and development test evaluation are performed. Designing optimal antenna location is an effective method that can be ap-
plied to improve the performance of air-to-ground communication radios as well as to avionics equipment remodeling projects by re-
ducing schedule and cost.
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QO : Communication Ant. {_}

"7 : Navigation Ant.

3 ¢ IFF Ant.

> : Radar Sensor

force transport aircraft.
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Table 1. List of antenna and sensors for air force transport aircraft.
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HF radios HF ant. 1 Whole tail
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o Front lower
Communication Front UHF/TACAN
UHF radios UHF ant. 2 rort Upper .
Center lower integrated ant.
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B .
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Fig. 2. Method for optimal location design by the antenna addition.
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Interference of the operat. band ofthe R, equip.: R, power =T, power— Anten.of T, band filter— 521(Rm band)

+

Interference of the operat. band ofthe T, equip.: R, power= T, power— Sy, (T, band)— Anten. of R, band filter

= Final R, powerof R, equip.{

> Minimum sesitivity : Interference existence

< Minimum sesitivity : Interference none xistence (1)
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T, power — {Anten. of T, band filter+ GPS processing gain(53.11 dB) }— 5, (R, band)
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# 2. BA ulst gopad A JFEH A%
Table 2. Prediction performance of inner filter for on-board and IFF equipments.

() B IFF $2019 FH A%5(1,090 MHz)

1=

(a) Filter performance for IFF transmitter band on-board equipment

A7 e 1 by Fobel ©hE HH A A A

.. . . Marker VHF FM VHF AM UHF AM TACAN, TICAS,
Receiving equip. ADF | HF radios beacon radios radios radios DME RALT
Receiving equip. freq. N N N L-band N
(M) 0.1~3 2~30 75 30~87.975 |108~151.975| 225~399.975 (IFF similar band) 4,250~4,350
. N/A
Filter value(dB) —1755| —1282 —196.3 —1575 —1789 —191.7 . —189.3
(suppression oper.)
CERSEEC B EEEREEIE RN
(b) Filter performance for on-board equipment transmitter band of IFF transponder
Transmitting equip. HF radios | VHF FM radios | VHF AM radios | UHF AM radios TACASIMEICAS’ RALT
Transmitting equip. freq. ~ N -~ _ L-band _
(M) 2~30 30~87.975 108~151.975 225~399.975 (IFF similar band) 4,250~4,350
. NA
Filter value(dB) —327.1 —267.6 —314 —276.8 . —256.4
(Suppression oper.)
ME gy 7 AAER % BR1S 9% hmaSystem K9] ol 2 Aolth
EMC A#S 9591, 958 N8%he Fatol 4
A% F 33700 0@ 7 2 4% 37hE e .z =
oS00 o} A, sjobad Au) Al B o
A AR AAN FF flas FAskilon, o = =l ME Y F7F A 2R BAss &
] E&ol e A o] glaell et AIMS EHE Q) 371 235 Al QtElve] HA A & S Aljtet
o i [ Bl =gl RERRR el o 5 o R R A 3, Jjop An) A5AF U Fa7lel &k <t
U A eE 2 A A g A5 HUS #4 A APdEn] @A oF s A e,
& 7bol) oty S} A Eok WAl A), 2391 oSy HATEAY A9 3 AR FAHEY, 724 dF S A
HESE o7 2] ZF RF 7MY of 75 A EA o A - H olE &, RF A5 55 T S0l AA 22
AT 7 s Aolth FAY FAEA 7le el ut T3 RES ARGt 9 9AE BAAAE gy
gt At TA BVI5E A FAEA A7 Top Qrellut A 9 7] FREH, A 7 A &
A Aol e EAQ AAl A Lol 7H5E Aol Ae Agdsle WHOE AAGA NN 252 A
T3 g7l AFE 70~80d AHdE UHF <) Fe EE2T F URE Al AdE W ¥
SFEILE At $e S APAE SR A okAE A AN A oA Z1Ee] A - 8k wo)
S 837] 4 - 3 FolA ameln Aue] A1 dElve} GRS kel A6 Hsigion, 937
719 QHElv F7F AF AA 227 B Aol o] o F2A AT Y1, AHIZE RF 2H4d0] B skA] o
of etelvt 71 &2kl thgh #2294 471, RF Ayhe] o - A E 2Eeih 22 AAGES vEe R F
St JE] AEE MO R HHAE EE5e RS 715 hxsted AIMS SHE A5 3 BN &
S8 M v e S §840F #T F Qe 2 7He TR Ro RN ol AH] As EE AL
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H 3. 3HF IFF Qe F7bol uhE A4 23t
Table 3. Interference analysis results by adding lower IFF antenna.

(@) 3% IFF SHelLh S67] S48 40 54 A bt 7
(a) Interference analysis between antennas in case of IFF transponder using lower antenna-other equipment reception

R

Transponder

Receiving ower oufout Interference Filter value | Trans. coeff. | Received |Final received Min. received
system P W( dBngtpu classification (dB) (S21) (dB) | power (dBm) | power (dBm)| sensitivity (dBm)
ADF band —397.0 —101.96 —441.96
ADF —14537 —67
IFF band —1755 —26.87 —145.37
MB band —257.1 —72.07 —272.17
Marker beacon —194.39 —61
IFF band —196.3 —55.09 —194.39
. VHF FM band —267.6 —59.89 —270.49
VHF FM radios —159.71 —110
IFF band —157.5 —59.21 —159.71
VHF AM VHF AM band —2314 —49.48 —223.88
. —168.17 —98
radios 57 IFF band —178.9 —46.27 —168.17
UHF UHF AM band —276.8 —24.39 —244.19
.AM —166.08 -99
radios IFF band —191.7 —31.38 —166.08
TACAN, DME, .
TACAN, DME, TCAS. band N NA . NA TACAN, DME: —85
TCAS-omni (IFF similar band: suppression operation) TCAS: —77
IFF band
RALT band —256.4 —50.32 —249.72
RALT —183.66 —85
IFF band —189.3 —51.36 —183.66
(b) BF 244 S5 TFF SHEIL 540 Qb 7k 21

(b) Interference analysis between antennas in case of other equipment transmission - IFF reception using lower antenna

Equipment

Transmitting ower outbut Interference Filter value | Trans. coeff. | Received |Final received Min. receiver
system P ( dBm)tp classification (dB) (S21) (dB) | power (dBm) | power (dBm)| sensitivity (dBm)
. IFF band —1575 —59.21 —174.71
VHF FM radios 42 —174.71
VHF FM band —267.6 —59.89 —285.49
VHF IFF band —1789 —46.27 —185.17
.AM 40 —185.17
radios VHF AM band —2314 —49.59 —240.99
UHF IFF band —191.7 —31.38 —183.08
.AM 40 —183.08
radios UHF AM band —276.8 —2439 —261.19 —88
: IFF band
TACAN, DME, TACAN: 60 N/A
TCAS-omni DME: 54 TACAN, DME, (IFF similar band: suppression operation) NA
TCAS: 57 | TCAS band P P
IFF band —189.3 —51.36 —216.66
RALT 24 —216.66
RALT band —256.4 —50.32 —282.72
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A7 e 1 by Fobel ©hE HH A A A

Table 4. Interference analysis results of GPS receiver by adding GPS antenna.

Transmitting | Equipment power Filter value GPS process gain | Trans. coeff. (Sy) | Final received Min. receiver
system output (dBm) (dB) (dB) (dB) power (dBm) | sensitivity (dBm)
HF radios 53 —155.2 —24.49 —179.80
VHF FM radios 42 —186.2 —66.39 —263.70
VHF AM radios 40 —201.9 —48.68 —263.69
UHF AM radios 40 —135.7 53.11 —40.91 —189.72 —79.89
TACAN 60 —115.8 —40.91 —149.82
TCAS 57 —150.3 —606.18 —212.59
IFF 57 —150.3 —39.90 —186.31
bR SFATE AQtE el HA A WHE FE F characteristics," IEEE Transactions on Antennas and
A" FAFA FA7] A5 AR ok, BE Propagation, vol. 49, no. 5, pp. 688-696, May 2001.
A7 sl AL ¢ e A e E A% [6] M. Rothenhaeusler, W. Poisel, "Interference analysis pro-
M Al s 94 el a3 = A58 5 e A4 cess in military aircraft industy," in 2012 ESA Workshop
o] Hete] & Zo® AlRHTH
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