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The Telemetry Transmitter with Variable Data rate Transmission
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2 =l A 7HA HlolE AF ks gk AW Eg] $Al7] 9] T2l tal] ATRekiTh 7HA HlolE] AES flste] 7hi AL
574 7}X]:= VPMF (variable pre-modulation filter) 2} 7HH 9} & A1 &2 o] E ¥ 217] (variable input sample rate converter) 7} 2 3
TZE Aoksitl. VPMF= ¥ 5H 2] PMF (pre-modulation filter) 9} 5 A &}A] M A Al 59| 1523} 478 A5} RF (radio
frequency)21 5.0 t & A ghsh= 54S AUm, 3714 0.2 9 vlo|E & wpel 7hiA 10 EAJS Zh=th 7 e A E )
o|E Widh7]= ¥ vlo|El& WA Al F7HAR] 2 §lo] 4 diolH &3 Fish 28-S AR MEY SRR Bkl
715 Zreth 37 o2 A AR wisteh= ol H Yol t-§8-517] 913l VPMFS} 7 1 8 Al S 0] E M3V & 55 4 0% Ao
= A E o] 2 %) 7PHE A RbFgeh AIRF S 483t ’\]Eﬂﬂolﬁﬂrﬂ A A2 Z3ke] 48 dlo] & 390 kbps ~ 25
Mbps H<]o| 4] IRIG (inter-range instrumentation group) ¥=2] 99% & Y= null-to-null tHS= st IMD (inter modulation
distortion) H] 1l A3} 138 w31 ol H A4o] 715 3S gl Eith

[Abstract]

In this paper, We have studied the structure of a Telemetry Transmitter capable of transmitting variable data rates. This paper
proposed a structure combining variable pre-modulation filter with cutoff characteristic with variable input sample rate converter.
Variable pre-modulation filter has the same characteristics as pre-modulation filter and is converted to a constant sampling rate
without structural changes according to the variable input data rate. We propose a software program that actively controls variable

pre-modulation filter and variable input sample rate converter to respond to real-time changing data.
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Fig. 1. Telemetry system configuration diagram.
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Table 1. Specification of variable pre-modulation filter.

Item Specification
Modulation PCM/FM
Signal Expression NRZ-L
Data rate (f,) Range 390 kbps ~ 25 Mbps
Stop—band Attenuation 60 dBc
Phase Characteristic Linear phase
—3dB Bandwidth 0.7x f,

PMF 3 7|= LWkA Q1 tAd I A 2} o] Al~
Hlo] Zt3ofof & A o] 73t Aleke] AA, Q1A o4k A] 2~
S AREg AbFe] ZAKSE ']l Al F o] A FEo R
o] %= A GAIE A A AAEHS]

B =R F 13 Zo] VPMFE] AFES IRIG 59| u}
2} A% 7153 dlo]E& ¥ 915 390 kbps ~ 25 Mbps, -3 dB T
A E2 dioJE&9] 0.79) 1E]aL A Fup=e] 7hf| 542
60 dBc 2 A SHCH5].

At FE AleFo] A=W, thest Md o} 455 ARg-3)
of Apdol ZAlslE HE Rd S dEth & =il E 24
sk o= A ()3 1§ 59 Zo] ¥ 9% FIR(finite
impulse response) T35 ©|-&3Fo] PMFS] HAEd-r(LE %
#A)e E=ETE A ()olM z &= 94, u 2 ZE dolE v
EbdT),

A Eko g EaE A FrE AA sk flE 2H
s dojo} IY ATE F g A 7o g mEdith B =
Fol| A= 753 F2 Main-lobe Z3 2+ Side-lobe 4] S
212 AR EAJ o] F11, Main-lobe T2 E EXo] 95238 2]
(2)°] Blackman 7 35 ©]-&gHt}[5]. 2] )04 = ZH
Zdols Yepdth odAl HEe] Fgk ddx gl
Blackman % 55 Fata {3 dd 2 $HOZ 2A5)S}]
e A5 =53t 2 ¥ dol= 642 gtk

N

H(z)=a,+a,z -1 a,2 24 4 a4,z —(Mfl)(l)
M-1

J8 5. FIR = PMF
Fig. 5. PMF of FIR structure.

www.koni.or.kr



J. Adv. Navig. Technol. 24(1): 53-60, Feb. 2020

|

' Magnitude A
g S g
E‘ Phase \ P - E
Response ’YW‘\WW

Frequency (MHz)

I8 6. VPMF A== Aot
Fig. 6. Calculating coefficient of VPMF.
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Table 2. Coefficient of designed filter.

n | coefficient| n |coefficient| n |coefficient| n |coefficient

1 0 171 0.003976 | 33| 0.174995 | 49 | 0.003976

2 |-8.69E-06 0.007657 | 34| 0.165656 | 50 | 0.00043

3 |-2.64E-05 0.009962 | 35| 0.139578 | 51| —-0.002

4 |-2.06E-05| 20| 0.009284 | 36| 0.10207 |52 | —0.00298

5| 5.14E-05 |2

=

0.004547 | 37| 0.060419 | 53 | -0.00274

6| 0.000211 | 22| -0.00413 | 38 | 0.022057 | 54 | —=0.00181

7 10.000422 | 23| -0.01502 | 39| -0.00719 | 55| -0.00073

8 | 0.000578 | 24 | —0.02482 | 40 | —0.02428 | 56 | 9.47E-05

9 | 0.000518 | 25| —0.02927 | 41 | —0.02927 | 5

J

0.000518

10| 9.47E-05 | 26| -0.02428 | 42| -0.02482 | 58 | 0.000578

1

—

—0.00073 | 27 | —0.00719 | 43 | —0.01502 | 59 | 0.000422

121 -0.00181 | 28| 0.022057 | 44| -0.00413 | 60 | 0.000211

13| -0.00274 | 29 | 0.060419 | 45| 0.004547 | 6

=

5.14E-05

141 -0.00298 | 30| 0.10207 | 46| 0.009284 | 62 |-2.06E-05

15| -0.002 |3

=

0.139578 | 47| 0.009962 | 63 |-2.64E-05

16| 0.00043 | 32| 0.165656 | 48| 0.007657 | 64 |-8.69E-06
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Table 3. General outline of sample rate
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data rate (f,) VPMF clock (f,) Yt
n © f
Mbps MHz Ve %’ )
MHz
0 12.5 ~ 25 100 ~ 200 100
1 6.25 ~12.5 50 ~ 100 50
2 3.125 ~ 6.25 25 ~ 50 25
3 1.5625 ~ 3.125 12.56 ~ 25 12.5
4 10.78125 ~ 1.5625 6.256 ~12.5 6.25
0.390625 ~
5 0.78125 3.125 ~ 6.25 3.125
fout fout
2n = fP < 2n*1 (3)
fout fout
2n+5 fb 2n+2

21 3y 7H dlolH & AEs 913 1 AEeo)E sk
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Table 4. Result of comparative analysis.
data 99 % BW  |null-to—null BW 1% IMD
rate Pass/
(f,) | ™| Spec | Data | Spec | Data | Spec | Data | Fail
kbps (kHz) | (kHz) | (kHz) | (kHz) | (dBc) | (dBc)

16384| 0 | 19005 | 19018 | 21299 | 21286 | 11.5 | 17.4 | Pass
8192 | 1 | 9502 | 9516 |10649|10655| 11.5 | 17.2 | Pass
4096 | 2 | 4751 | 4842 | 5324 | 5332 | 11.5 | 17.3 | Pass
2048 | 3 | 2375 | 2364 | 2662 | 2655 | 11.5 | 16.9 | Pass
1024 | 4 | 1187 | 1195 | 1331 | 1320 | 11.5 | 17.2 | Pass
512 | 5 | 593 584 665 671 11.5 | 17.0 | Pass
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