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Development of a signal transmitting unit for instrument landing
system based on all-domestic chipset
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Abstract: Aiming at the supply chain security risks and technical bottlenecks caused by the import of key components of
domestic instrument landing system (ILS), this paper proposes a design scheme of ILS signal transmitting unit based
on all-domestic chips. The design adopts domestic FPGA and DDS technology to realize the high-precision generation of
90, 150 Hz single tone signals and 1 020 Hz Morse code identification signals. Digital-to-analog conversion of baseband
signal is completed by domestic DAC, and CSB/SBO signal synthesis is realized by I/Q modulation architecture
combined with RF carrier generated by frequency source devices. The power dynamic regulation is completed by
combining digital attenuator and high linear power amplifier. Finally, according to the multi-environment test and
comparative analysis with foreign mainstream equipment, it shows that its technical indicators meet the requirements of
ICAO Annex10. In this study. the full-link localization scheme of ILS signal transmitting unit from FPGA to RF front-
end is initially realized, which provides practical reference for the autonomous and controllable technical path of aviation
navigation equipment.
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Fig. 1 Composition of instrument landing system
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based on fully domestic chip
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o —31. 75~0 dB, M E B UER] 1 A4 iS5 B IERR 1 # 3PN R R AU R B R LA R . sk 4 By
N T BRSO B PR S NS R TR R Dy aR B R K AR ISR 5 BT, A A8 R ek A 1]
I T AT T 5~ 8 Wl &, R EEfTId . I MKER . sk 6 Fros, U E S i K 4

K3 RFNMERDEMRER

Table 3 Test results of transmitter frequency and power

W PR 5E AR YL/ MHz R AR O S i T AT IR R/ dB
LOC:108~111. 978; ) i
B 25°C B 40 % (FiD) 1.18X10 7 AR A K —31.75~0

GS:328.6~335.4

LOC:108~111. 978; i
T 40°C R FE 60 % . 1.67X10°° R B —31.75~0
GS:328. 6~335. 4

LOC:108~111. 978;
TR 5°C B 20% 1.53X10°7 AR A —31.75~0
e o AR SR GS:328. 6~335. 4 HA

o LOC:108~111. 978; . .
ERFEGTEIT 720G ) 1.31X10°° ARG I —31.75~0
GS:328. 6~335. 4

et R2ZE<2X

) A AR R A bR E D ], H 2 5
o g gy (VR HENOR A B 02 5

BT AR 5B B VI o . A O s S M BT — 31,75 dB AL
K} A]42 17 5 80T oy R
A ] e KR 2
x4 HWEARNMNRER
Table 4 Carrier modulation test results
03 2R 55 90.150 Hz 4 & ¥4 il B CSB 7 il Ji SBO i )& 90.150 Hz ¥ M2
B 25°C, 8 LOC:90 Hz 20.02%,150 Hz 20.05%; %l B 7T %, DDM & il B 7T 3, DDM 90:89. 990 2 Hz;150:
B 40% (D) GS:90 Hz 40.03%,150 Hz 39.97% 2K 0.000 2 BN 0.000 7 149. 994 Hz
& 40°C, 18 LOC:90 Hz 20.02%,150 Hz 20.04%; il B #] %, DDM 3 il & 7] 3%, DDM 90:89. 990 4 Hz;150.
& 60% GS:90 Hz 39.98%,150 Hz 39.95% PREN 0.000 4 WK 0.000 9 149. 995 Hz
O 5°C, B LOC:90 Hz 19.98%,150 Hz 20.01%; #% il B vl 8, DDM i il & 7] 4, DDM 90:89. 990 2 Hz;150:
& 20% GS:90 Hz 39.99%,150 Hz 40. 05% w24 0.000 3 2N 0.000 9 149. 993 Hz
FER &M TFiE LOC: 90 Hz 20.02%,150 Hz 20.04%; % & B 7T 8, DDM & il B 7T 3, DDM 90:89. 990 6 Hz;150:
772 hE GS:90 Hz 40.02%.150 Hz 39.97% PN 0. 000 4 W#H 0.000 8 149. 994 Hz
e A e A g . fFEmERESL FemmReEs
BEMFERUE 5 A b o R R F 0. 0050DM F 0. 005DDM FEWERZELIY
x5 HEFTEIHENKLER
Table 5 Carrier attenuation suppression test results dB
A B IR U U A O W SBO # 3% #1 i
TEE 25°C R 40 % (i) 56. 95 61.14 57.41
TR 40°C B F 60% 54.26 59. 89 53.49
R 5°C LI 20% 59. 77 61.11 56. 72
EREFMFTET 720G 53.43 60.18 58.93
B ﬁéﬁ\r’ﬁi?&i&bi& EEARF AR fE=>60 dBJE%%@HﬁJ‘E Kb =50 dB
I >50 dB —31.75 dB B, 2k A4 OS2

AR MR S5 SRR, & DUERAE AR IR BB 2R . JU W, DA oF SRF 3 280 30 b £ B k7 2 52 o) L {EL AT L)
(B B 25 5 17 I IR) 0 39 0, 0030 U 2 1 A TR E 25 A0 G R AR e g o K R R A O A R
T 3% 25 T BOBUR P G ORI S RN e ARAE SL R BRILRASR S DR — 30 dB LIRS A B R
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Table 6

RAESMKER
Identification signal test results

HEEEZ 1020 Hz A5 0R /Hz YA R 0T /K & EAFF R/ min)
W 25°C MBI 40 %0 (F i) 1023 FFEARETR S BT 4.0.12 s %1:0.36 s 8
T 40°C 2 JE 60% 1026 PEA bR UER R BE AT .0, 12 s %100, 36 s 8
L 5°C I8 20% 1021 FFEPRETRRI BT £.0.12 s %1:0.36 s 8
BEAMHTET 720G 1028 FF AR R BT £1.0.12 s %1:0. 36 s 8
A bR AR ZE50  FFEAnEvE T B vl 155 b HE 5 pRifE>6

RS . Sy BT B, 3 Bl B0 42 0 I BRI A 22 L 4810 an G P
FL I RN 2 L TR IR M AR A 25 A VT AR S X R R
%, (R 24 o Rt KB, 2% HI L B U A R e
BAE . XFELS BT A R A P R BR . AR
FEIETF A S R RE AT , S H T AR AR, AP
P 15 DL IUHE B, T 0 FH o = ek R IR 2R

AR L2 M B T IR 25°C IR 40%0, IR
40°CIRRE 60%, IRIE 5SCHE 20% KL R ER &AM FiE1T

72 h g BEARIE bR AR A AE AL A R 5 0 B s A B LA
e v AV UL vl PR L DA R A K M2 A7 R I T S
TR R L ok 2o 1A 1 S 2k .
3.2 MEEEXTEE AR

VTR A A AR 7 BB RS P RE  AS BIF 5T 1R B B
SZHOFER ZME T K4 R 5 INDRA A | 4 7= 1
NM7000A HIAY & Bl RS LI ICAO Annex 10 45 iff i
AT TR A BT A% X L2k 7 BT

x7 MEEEXTLE
Table 7 Performance comparison
- e - 8 ] £ i i ) AW P 55
WrE WRGR ODDMBE e maE/% WB/AB %%/Hs
ZNS'e 1.18X 107 0. 000 2 0. 000 5 0. 04 56. 95 +5
NM7000A 1.69X10 7 0.000 5 0. 000 2 0.02 70. 74 +3
ICAO Annex 10 Fi#fE  <<2X107° <20. 005 <1 <5 >50 +50
BT hRAEEE K, T hr TR FFEmMEER,. fFEmMEER, IRTARmEEER,
X 43 B ik B [ A BORGRBIES  BOR, 5 E A HHESTIR  HEAERAKY HEAMeH
Se i K Sei KT KA 2 K7 A 22 B HEER KA 24

ARG R BEXS FE 45 2R AR A [ 7 AU R B Bl R GE 15 5 A Y
FATT 1 45 UG HE PR BE 2 35 3] ICAO Annex 10 PARHEZR

JU o HE AR TR AR AR 22 . DDM % 22 I 94 il J3E 42 1
5 BE S AZ AR bR b A5 C 43 ] B 3 3 R B8 9 42
AT KT R TP A 4 [ AR 1R D7 RS HR
FEARBY AT ATVE . AW 5T A 1 i YR T AR S R RE LR
AR br 5 T AN R AR 7 0 A7 28 B H AR
UESE T R ™ 0 R 52 B s 1k RE 6 A 19 18 0, D 438 I 0 E 11 A%
L TTAR A AR O B Rk 10 i 22 A 4R AL T ) M EOR S
55

4 % i

A ST [ 7= A 3R % Bl R G 0% T A% 1R 7 K
HETT L Z G0 2 4 1 7 b SR A BOIR 7R o 42 O 56
T —METFTEESSFNNRER RS S LR,
K E = FPGA 454 DDS $7 AR 52 31 & K & 307 15 5k
I PR A 7 0 25 R 2 A 5 B R S A 1/ QIR
2 ] o 35 3 s ) R O 4 AL 00 B R IR R 4B B

FRWA 5 5 R K R R S A
MRS R T % RE & T ARG BI4F G ICAO Annex
10 5 CAAC 1y ILS BEEARIERE R, ARV L LM T
ILS {55 K 5 250 N FPGA 2 55 45 i i 09 4= 4k B% /= 7= 4k
T REER O SRS A BT EAR AR S T 5
®S%,
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