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Performance Analysis of VDL Mode-2 Transceiver and
Generation of the Narrow Band Digital Modulated Signals
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Abstract

In this paper, the Bit Error Ratio (BER) performances of the D8PSK modulation schemes for VDL Mode-2
are analyzed according to the matched and unmatched cases of the channel filters. The carrier frequency and
phase offset effects are analyzed with unmatched case. Generally in digital transmission techniques, the Root
Raised Cosine filters which are used as channel filters are applied to both sides at transmitter and receiver
in order to achieve no ISI, but in VDL Mode-2, the Raised Cosine Filter is used only in transmission section
and the receiver section uses general low pass filter, therefore we could not achieve ISI reduction effects but
can have better spectrum quality. From the simulation results, the error probability is increased slightly (1~2dB)
with use of un-matched channel filter, we got the conclusions that carrier phase offset do not effect to bit
error ratio, but the frequency offset effect is so serious. Finally, narrow band D8PSK modulation signals are
generated by the use of Digital Up-Converter and then its features are compared with analog modulator.
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Fig. 1. Simulation Block Diagram.
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Fig. 3. Unmatched Case : Fd = 0 Hz.
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D8PSK Constellation Diagram
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Fig. 7. Constellation Diagram : 13 dB
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D8PSK Constellation Diagram.
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Table 2. Minimum Required Recewer Input Power.

1 | Eb/No (107 BER) 13.00dB

2 Es/No (without Loss) = SNR 17.77dB
=@ + 10log(3) .

3 Imp. Loss + RC Loss 04.00dB
=1+ 12+ 18 =4dB

Es/No (with Loss) = SNR

1 s ere 21.77dB
5 | kT, -174dBm/Hz
6 | Effective Noise Figure 18.76dB
7 | Baud Rate (R) = 10log(10.5x10°) | 40.21dBHz
8 | No*R = G+6+@ -115.03dBm
9 Required Receiver Input Power 93.96dBm
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Raised Cosine Filter Baseband Frequency Response (alpha=0.6)
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Table 3. AD9857 Setting Parameters.

_ Clock System CIC RC Filter
Multiplier Clock Factor | Interpolation
1 Xx20 161.280 MHz | *60 X64
2 x18 145.152 MHz | X54 X64
3 X16 129.024 MHz | x48 X64
4 X14 112.896 MHz | x56 X48
5 X12 96.768 MHz | xX48 X48
- Inverse Sinc & CIC Filter : Bypass
- Reference Oscillator : 8.064 MHz
- DDS Frequency : 21.40 MHz

I 32 A fﬂl E 10,500 spsE THsl= DUC
A sl F RS UEd Aoltk ¢ & 39
A Inverse Sinc & CIC ZHE AM-HA] 82 olfr=
DAC ¥igt S5l s 4 Fo]EZF 4R Ao 1
FEo] mw]aly] mEolth HAE Ao WE7]=
o E I W] Hlg) HYLRTL Atk ds %
T itk A APARE ZAEAT AD9SsTol
A AYAEE W 74 £59 AR 5 Boe
Al 2=E] 259 Fulro fUﬂ FeHe A5 1Y
t}. & A&H 5 F34E 200 MHz (10Mx20)
AR AFolle 28 A77F 750 mA, 161.280 MHz
(8.064Mx20) & Z-oll= 440 mAE S HJATHF
W32 23, o] AFe ofdE I W oF FAT)
& Aok FARIE obd R wx WA FH
TAHSZE 1/Q amplitude un-balance, non-linearity,
carrier feed-through 5°] 913, 53] JFuid Y&



3-4 £ Z1}
a9 129} Zo] AFE HAE HES F8) Wz
" A5 2HERS AT 19 13~158 B
H 60dB AL ZAE 0T + Aok & SAH
~HEHL [F Azold 158 ZZ7] (HPAS §
H3lA| e Ao)7] wio] AHEY vprag g
o dgstA &7|= gt
- 1’;)“(:’! dBm LO:;;“;: db/ ::)l db
St e Mﬂ“"" Y
)

1l

e b,

B
i

Al
¥

O L s

it

T

R BRI T TS

FE R )

CENTER
S$PAN

8 13, H=xE

K

-10.0

21,

40000 MHz

50.00 kHz

dBm

SCALE

LOG 10 db/

#RBUW
> BW

300 Hz
10 Hz

SWP

41.7 s
Lintl

2B EY Span 50 kHz
Fig. 13. Modulated Spectrum Span 50 kHz.

AT

10 db

SPAl Pl
188.8 kH= /J ) \
et b el .
WWW - vt
PR Ty - PO Y PA—
CENTER 21.4000 MHz HRBW 300 Hz SWP 83.3 s

SPAN

100.0 kHz
% 14, BH=xE AHEZ Span 100 kHz
Fig. 14. Modulated Spectrum Span 100 kHz.

U BW

10 Hz

Lintl

N g Py OA" WxAs A4 15

o suaLe et

-10.0 dBm LOG 10 dB/ 10 dB

SPAN |
500/8 ki J |
»«”’J L\‘
r‘ -
- B e =
CENTER  21.4000 MHz wrEW 1 kHz swr 417 s
SPAN 500.0 kHz *UBW 30 Hz Cintl

J8 15, BHEE AHER Span 500 kHz
Fig. 15. Modulated Spectrum Span 500 kHz.

v. g £

—

t

= = VDL-M29] #-8-5= D§PSK ¥z

el Ad ZE 9 A ofF 2 b 5t
Ao W2 BE Q& (BER) W3S £4319
A" Wz PAS A48t o9 dAE |
£ AAsATE 2o49S 53l BER 1077
3171 $13F 24 Eb/No= 15 dB o] ZQ

ok
> ¢

=2

o 4
[

= O

AN o
E

2o

S}

, AN Bkl 9 STAIS 100 Hz o|3E 3
5 ok HE HQnh tAY HMEI|E AL
gozH oldza WMx7|Y oY TAHES F
g 9 AEAR w3 vEgvksigoh &

8.2 DYPSK H|o]A HlE RE)lS M 75t
=)

2> M or2 Je oo o H omo BNORI Y
0
£l
=

=
3}
=
7 g
%ol 2 % glor, Juie Wz NEE UL
o THsReY 4% F1 AR/t 9 Aow
Az €
ZAtel 2
B R PARER “TrhnEeds et
o) Yoz FAYNE
#1312

[1] N. Sheikholeslami and P. Kabal, "Generalized
Raised-Cosine Filters," in [EEE Trans. vol. 47, no.
7, pp. 993, July. 1999.

[2] ICAOQ, "VHF air-ground digital link (VDL)",
International Standards and Recommended



16

Practices, Annex 10, Volume III, Part I, Chap.
6, 2000.

[3] RTCA, "Signal-in-space minimum aviation
system performance standards for advanced
VHF digital data communications including
compatibility with digital voice techniques",
RTCA DO-244A, Chap 3.0, 2000.

[4] ETSI EN 301 841-1 V1.1.1 2000-05 Part 1 :
Physical layer.

[5] http://www-users.cs.york.ac.uk/~fisher/
mkfilter/racos.html.

[6] Bernard Sklar, "Digital Communications Funda-
mentals and Applications", Chap.4.

[7] AD9857 data sheet. Analog Devices, 2004.

2001 29 - FhSta AT

SR

2003\ 29 : AR HRFAFS

y,](j_-_&_]-ﬂ,\]_)

20039 38R : (P TIELYE A
_?_

2006'd 3€~3A) : FETiSt YR

&3 ()

Ao ¢ Hlo]A WiE BE XA gAY AsAg,

RF 3247, FAlo]&

4 B A (2K1E)

1989\ 29 : ZARhstal AR}l E
&b
191 29« 7AEdEh HAgeE
B

19919 3€~2001d 2¢ : et
2 a4
20014 3284 A=A

Z ol 7 (212R)
1994 29 : E=oiotal ksl
b
1996\ 2€ : T=ogha ARl E
SHAAR
1996 38~ : I=FerFATd
A 01311

Ao} ; ol AzAe, BAT

4 ¥ 38 (2R

199943 29 Sk Z5rElE S

(&b
- = b 20003 29 FEUEW FHFAIFE
= FHF3HAp

- 20009 12€~87) : FFIFATY
ol o

TAZOF : OAYE As A, Holy
A, BAA2E



