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A Study on the Airborne PCM Telemetry System

Jeoung Soo KANG* and Man Young RHEE**, Regular Members

L 2 5 PCM# Kol 2[4 Telemetry system®& #MHPE &it % MK ERAMDEBACER BRL Hegos
ametddch, o 7o) A S5 B EELAAS F%F ol PCM Encoder 2] #gE-& B KA A fjo| 64words/ frame o] = bit
rate = 140kbit/sec, sampling ratex= 200 frames/sec, L2|3L resolution- 10bits/wordolv} L2| RIS MK
Mg 2 telemetry bandql 2.2-2.3GHz(S-band) & <183t o= #MBHAL PCM/FMO® Bitstgct. ook 2L tele-
metry systemol] it B M RWHEs v L& MRirtha st RiyEJPl delves EERITANE HHs)o
Sl ARALL T HE BIRE A s vfEst BEES mdlstach

ABSTRACT The object of this paper is to investigate a PCM telemetry svstem which is designed and constructed
in individual modules for an airborne remote measurement system for the first time in Korea. The time division multi-
plexing PCM encoder has maximum allowable input channels 64 words/frame, 140 kbits/sec bit rate, 200 frames/sec
and 10 bits/word resolution. And the transmitting unit is designed for 2.2-2.3 GHz(s-band) telemetry frequency
band, PCM/FM modulation. The Study of airborne PCM telemtry system contribute to develop a device which can
acquire various technical data of newly developing flying vehicles by remote measurement. The performance of the

proposed system has been verified through a seguence of tests.
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2. Telemetry system2| EKigL

A Telemetry system®| T EHER I 52

% Data Acquisition Unit

* Transmitting Unit

* Antenna Assembly

* Transducer (% -2 Sensor)

o8 FEY F7b glod 1 LABMKE 1Y
13} 2eh,

Data Acquisition Unit+= Signal Conditioning Am-
plifier, Reference Voltage Source % PCM Enco-
der® HERK=lol RIT{E & 5ol K45l Trans-
ducer 24-v] MMl ZMEE KWL (% S Signal
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3. Data Acquisition Unit

Antenna x.

1) Signal Conditioning Amplifier
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sducer)oll 4| W ghx] B Wl (S8 RiTikRA 2
B BB AL e g ol B R Sl fTERE M,
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o] 3fEO W HEW )

(1) Analog Buffer Amplifier (ABA)
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A PCM Telemetry system®l WA BIKIN

Airborne PCM telemetry system block diagram.
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18l 2 Analog Buffer Amplifier o HRCInIRg
Analog buffer amplifier schematic.

gain-d o} & KO ® F AR}

G Rs 5V
TTRAR Vil <1>
G
— ]
Rs=(5%x10 )I—G (ohm)

EEDE0IgEA AH-&3t HME L= gain®] &
ek WEEE Folvl ¢l HEEL $0.1%,
B R = 10ppm/Ce| HEAE LR},

(2) Differential Amplifier (DA)

Differential Amplifier = 5 2 low-level 2] trans-
ducer ] {5%% & Conditioningst7] $13 M2 4
A S EEHA D, W e single-ended . #%

() High input impedance differential Amplifier with improved
Common —~mode Rejection

Rg =00 — G =1
Rg=0 — G=o00 G
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Ekalel, —# o2 MiEll#g el A Himpedace,
differential gain, CMRR& F¢]7] 93} 28 3
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=1 B Fa b R
°:‘7l’q R\=R2°lta

2R\, L

Vi V= (1457 ) (8~ E)
R3=R4=R5=Rs°‘ui
P R,
Eo = (E, h,)<1+2Rg>

R, = sMQ)

R, = I—GRi

() G< 1l A%

& 3  Instrumentation Amplifier 2| HEEK
Instrumentation amplifier schematic.
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Ag=0o07} ¥ 7] ol Foll R AT 1{Hl 2l 31 4 gain
£ 94L& $7 glom2 CMRo| %&ESIZ AN
impedance T ¥ +7F Ut A riedl A& = In-
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(3) Level Detector (LD)

Level Detectort 4 & 2| comparator 2 4 analog
9l discrete A 1115 ¥ 5 Reference voltage (switching

+15V

Vin AD
522
R (E,) — Vout

")——l 62KQ
-
+1gv R
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(a) Vin=10V4q o
+15V
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AAslnd alebd A Jjoll bl Al HAREM
+10V =+ —10VEIN Y 4= switching point &

Hoh

60% A o8 Lk +10V e —10ViEY
AOo = BEEGHIIERS 5t [C2) A S
ol kA B +10V = —10VA S %=

% 3} switch point (Ks)+= +6V(+10V
A2 Elwstdrt (g 4 b), B8,

2) PCM Encoder

(U F3: 757

Telemetry system2] ¥hpioll Aol 712 EE
gk #4ral PCM Encoder<- TEH#H S  folst
Al program¥ - glar EF A Ko ook
shel BRSO N3 HEEAS 2Felor b
v}, o] PCM Encoder®) Analog A 71& +5V o} o
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.
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Level detector schematic.
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BEANABHE L 62 channel7t 2] 488 4+ g1
discrete A 7-& 0V+1V DC && +5V£1V.DC

Multiplexer module.

signal conditioneroll 2] 1 4 AT = analog A 1)
S #HMEM S Z multiplexingd}il selector gate
2 53ted PAM{L® serial analog data-§& A/Di#
ol Ruivh 35 analog A J)0 28l mux A -
impedance & % ¢| 7] #13te MOS FET analog gate
Z 2} £3}9 2 frame formatter o] 4 program
switcholl 2]#l 41 channel 3 A1 &4 gtct.

A/D Converter module

Multiplexer module £%- €| serial analog data§
sampling3F3L A/D % 4 2% (Successive Approxima-
tion) & & 38kel binaryMHEE FFSR{Latel. o] 2idt
encoding datatx Tt} 4] synchronization pattern 3}
parity fI8% 7} G 5 2 dErYy <l digital data® 8
#islo] KHEETh. ©] modules] 4 programe| AT 4E
3k ZEFE+ bit/word, bit rate, output code, parity

ol c},

Power supply module

KGBHIERS EABFIRABKE digital muxo
A 43 sl o] program swithol]l w2} A serial digi-
tal data®| bit rate® FE,Zcl, pre-mod. filtert=
6-pole Bessel LPFo|i IRIG HEo )73t &
¥ = fitered data§ %HiEct®. DC/DC conver-
terv LELY EREELE vlF o] 7 module
o 43+ B 3 system noise® Fo|7] 3t
clockE# ol Fisl FHRAENEA BHrEA .

(2) Data format3 Sampling rate '

Frek{b 2 serial datav digital muxoll 4 —EF
B HBoS HAS formate® K=
& data format-& 1§ 6 3 o] {64 channel £
A 2184 frame sync codel 4{E 2] discrete data
words (B, ~B, ) &2 62{f 2] analog data words (A,
~A) 2 RS

word & bit B+ programol] %3}l 8,9, 10, 11,
12bit /words & A1 ¥ 4= ¢/ 2.5 XK systemol] 4]
+ 1lbit/words (parity bit )8 AF-&3}9ich, o]
of 2| sampling B A& bit®+ 11 X 64 ="T704bits 7}

MULTIPLEXER MODULE

A/D CONVERTER MODULE

MOSFET SELECTOR
82 ANALOG|
ANALOG GATE
INPUT
MUX

1

_ [ sameLe
G e I

FRAME
FORMATTER

POWER SUPPLY MODULE

CONVERTER
.._J NRZ-L

PROGRAM SYNC CODE 1GITAL
SWITCH GENERATOR F.llvAnn;E

MUX

cLocK
PARITY
GENERATOR
tnd

XTAL I
cMmos -._.L_
i
30 DISCRETE QaciLLATOR
DIGITAL
INPUT
Mux
PRE oc/oc
28V DC 2iev,+ 8V
ReEG CONV
PRE MOD BUFFE
FlTEneD—— “Piven
ouTPUT

%85 PCM Encoder 2| #m®
PCM encoder block diagram.
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sy;]c sy;c :l :2 1;3 :4 As As
1 2 3 4
Azq As Ay Ao An A A A
A Ae A A Als Azo Az Az
Ajs A Azs Az6 Az Az Azg A3
Az As A3 Az Ass Ase Azs7 Az
Ay Ay Agq Ae Ay Ay Ag Ags
Ag Ags A Aso As) As2 As3 Asq
Ass Ase As? Asg Asg Aso Asl Ag2

(A: analog channel, B:

discrete channel J

O8l6 PCM Encoder? data format
PCM Encoder data format.

v}, Sampling ratex -3 22 A sb el
Br

S= X W, (Sampling rate) (4)
o 7] 4 By : bit rate, F, . frame length, W, . word
lengtho]t},

ABFFE o 4 & Bz = 140kbps, F, =64words/frame,

W, =11bit /words & <} 83§l 223 o] =f 2| sam-
pling rate S=198.86 Samples/sec7} =t}

—HEH e 2 data®] et HLd HHde F
e B #94~5f5 A5 2 Sampling rateE 3]
3t 9lo v of 7o 2}£3t Telemetryoll A4+ kil
B, S, BEES AYEo ERAKE o=
S0Hz L ol =2 Sampling rateE #9200 Sample/
sec® Hysladm o] 7% 40~50Hz A & o {5%%
o 3t datav= SE4 8l ®orel Alfedol BRI
elsl 4= ghalshsde},

(3) Frofstin

PCM Encoder 2| analog A 17l ol &} £F 5k 48k e o>
10bit offset binary code (11bit /word, odd paritys
A edELod-g wf)olm “Full Scale(—5V)dl| 4 2 1-
= code7} 0oz 5+ AS Mo sle] +Ful
Scale 7} 2] 2] #& ¥+ IOVOIP-i 10bit code 2} 1
-stepol] gt LSB¢ weight &= 10V/1024=
0. 009765625 volt ¢t} = resolution-& 9. 77mV
7k ", 122 +FSe) zhe (0.009765625 X
1023) —5=4. 9902088 volt 7} = t}. =& binary code
o2 WEsty) 9 sk offset
code g,olebi S} stepB S xell sl=

x=a, 2" '+aq 2 +q 2"+, 2

£ analog binary

(o4 7] 4| n: data word lengthe] ™1 & system
o 4+ n=104)

of zrel 5|1 analogdt-Z vt&ab Freo]l m A sich
analogﬁ=(i‘2—il*22)—5 {Voit) (5)

(4) synchronization code
Frame sync code+- serial digital data2] 4z B 4
fiodl 4 A7l WEHEREE Fol7l $#1%kd syne
codeo} datazboll [E 4 el B gl gl
oF bl I B 12 2 syne code o]}  code
patternol] =} 2} LA EE HilbAl 2 & 9
t}. 3t frame®| ZAeol7F M bite] il sync codel] bit
WE Loletit dbwl L=log, Melm iy &
dataoll 4 875 = fe/hbit2] Folch. e S/
NIt 7b -2 dataol] 4 4= frame sync code®} 7+-2-
}

H47E2] random data’b 4§ % A« ol A3k
frame syncif P53 %13 4 frame syne code®| 7
olvr Halw Lo 2~5ffelojek get  abe}4

A Telemetry system i} 4] A} 8% frame sync code
£ 22bitso| Moi fE WA ol 2l & L2 ZF(L=log,
(64X 11)=9.46)w.c} 2. 4(%7F & & + Ut
ule} 4] 24bit 2} st

Barker code &
4. Transmitting Unit

FME {5 8+ Telemetry Standards (IRIG 106 —
80)Vell WkEl Bluiiwh #HEel F3H3 Telemetry
radio link 2] systembghioll FHbsl & 7] wfe}
ARG Rt iREEel Rl =l d of v
A= ) itell ER =5 = Ground stationz}b
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Telemetry linke| Hadl =& Nl 455 2
ehslAl HARM <l FIHRE &gk

1) XEHD

KRiEHE BAHEBSE Swsted o] fEgal A
data® FHES] RfFsl7] 914 HERES HHE

e e e vlhgal o] zbekalAl F A
w7b At
> 2

p—ote . G2l ®)
o A4 BFEfEe B PrE T3h7) 913 Tele-
metry system?| Zparameter &%

Gr . X{Eantenna®] Fii8 (—8dB)

Gr - &2 {5 antenna®] F[1§ (+16dB)

ALRRIEEE S HE (0. 133m)

P polarization loss (—3dB)

Pq {5 H82] 5 {Kthreshold level (—144dBW)
oz A6l fRAZke] FtEIcl L 21
fioll 41 i ¥EAAH FLE7F —10dBol 22 ol & M
Wk

Pr=—144+8—16+145.45+3+10

P =6.45(dBW)

b "eb F Pr=4.42watto] 2 RS EHE o
o] &kolofof &b},
2) Telemetry Link

X i system il ¢ IRt ol SNR Y

B XREH g A3 SNR o

data{® %ol =hE bit error rateS B HdA KR
2l Radio link& M 34gtct.

(1) EHREHESTT

SE M A2 EEREE Flevelo] 3 KA
ol gb& 27r EAgcld 2EH2 F5 level &
Sapwel L 3hEl

Sdsw=R1+(;r‘+‘G,¢_P—PL (7‘,‘
REB®S HFlevel & Nopweld dhd
Nasw= R +NF+ 1B, (8,
b s,
P XEEN (6.99dBW)
G 7 . %15 antenna ¥18 (—8dB)
Gr : 215 antenna FI|{5 (+16dB)
P . polarization loss (—3dB)

P XK (—145. 45dB)

R.: 2154 0dB NF < of 1Hz/3i 08 % &
(—204dBW)

NF 2182 #EHER (—3dB)

B i G 82 Wgiigol A 2| #35 (—57dBW)
$1 ¢l parameter 2 H-e] fEREHEEFLE FEHiSE
SNR=Sapw— Napw (9)
=6.99—8+16—3— 145, 45—204—3—57
=10.54 (dB)
2o} o] itE =l wieb4 ground station®] £1{F
B2 ki fEthreshold levelo] SNR=10dB¢] & Biti&

bit BEEE

Transmitting Range versus SNR and bit error probability .

distance SNR bit error distance SNR bit error
(km) (dB) probability (km) (dB) probability
10 36,558 1,76 X 101 110 15,730 6.98 X 1078
20 30,537 7.09 x 107° 120 14,974 1,12 x 1078
30 27,015 6.22 x 107 130 14,279 1.74 X 1078
40 24.516 2.91 x 1078 140 13,635 2,62 X 107
50 22,578 9,69 x 1078 150 13.036 3.82 X 1078
60 20,995 2.59 x 107 160 12,475 5.46 X 1078
70 19.658 5,97 x 1077 170 11,949 7.64 x 1078
80 18,496 1.23 x 1076 180 11,452 1.05 x 1074
90 17.471 2.31 x 1078 190 10,983 1.42 X 107
100 16,568 4,15 x 1078 200 10,537 1.88 x 1074
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EHEEL 1tz ¢ Aol 4 Telemetry ra-
dio link®] #ko] 71 5L & £ g},

{2) Bit Error Probability

Integrate-and-dump receiverol] 4 #is $IMR o] ¢l
+ BEgyel M EEH (24 PSK)EHE B
& 4 mvwlﬁﬁmaw%}ﬁkﬂl o] H%
o HHzE Noql BHHEE S 71 A randomdt #3
o] 7hal Al Abelol A WIS & 7 ol bit M
WA P.E MM BHTAA Tk g3t
22 gERAS 7Y 7 Aok

=%<1— erfq/% ) 10

oA 71 A erfc x=——= f

w2} 4] %Qfér’aﬁel EE% d(km)ol] =& SNR3}

bitFBEER P& 22 TEw £ 13 o] BH
el digital 8 Ko A= Fked =teb A 4o
—feE i

© bitEZEMEE] 10'H = A&

g gabn glep,

3) MLXAES

K Hel A ol 5l 3= serial digital code+= NR
Z-1.°] = bit rate’} 140kHzo] 2.2 pre-modulation
filter (6-pole Bessel LPF)2] f.+ 100kHzolt}, o]
figg 2] 171+ 2.5V, polil 15 2] deviation
sensitivity v 60kHz/ Ve, 2 &5t o2 2 g K
td(fﬁ@(ﬂm%l‘ +150kHz¢] o} .

A4k BitdiEHEAS 10 LI FR b7 e 4=
215 el 42 SNRS 10dBLA fol ook &F7] af

of (# 1 4 %) Modulation Index =1 254 fo] u}
sl whebd =152 sl9E @9 FEkn
52 Carson’s bandwidth Tl £, 0 2 B g &
@ 4lo] HE slvh
BW=2(Af+fa) =26+ 1) fn 1)
=2(1.5+1) 100kHz = 500kHz

wbel A 2452 IF band-pass filter ©| & i B
g2 500kHz & A}-&3bri,

T
TR HE D OS]

87

Antenna ¢ — plane radiation pattern(#=90°,

¢=Variable),
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5. Antenna Assembly

SEH W Antenna 2| &t 9 SEwtel] glol 4 EE
shodol & EERF HIH-E cfBab ol At
')]:‘ 9\1‘:}(4[

* Antenna®] Ji#l (i

* Antenna®| Radiation Pattern

* Antenna Z3{v. 8] 22 % PRI Q) (R

% Antenna @) {# B J4 i B el 4 Didata 1y

% Antennalff =i ¥ 2| ERETHE ¢

% Antenna 2| JFAE = 7)ok A

A Telemetry systemol] 4= 53]  {#%4] 7]+
data®l 147 A gL RITEHAAL R4
o] WJHESIS & Omnidirectional pattern-: il # 3}
dow £ Antennat HET 4] 2lH g i F5| oo}
57 W Foll BE DA dES A sk An
tenna®| Wi APE 8 FittE-S T o
71l 4}2&3%F Antenna®] @ % ¢ planecll 4 2} Ra-

diation pattern& 27 1@ 7 2 18 83 3o
iz sk et

6. System3g83£ 0| tHEl EE

A Fol A RS systemol]l gt MAEEES
Biatshrl $lskel 1@ 99 o] HEMel
s e R ok ek

o2 BEE ol 4 analog %
source 7} signal conditioner-& ¥ 3} PCM Enco
derefl 4 % Ji{bL gl FFHEE AT o KiSHE ¥
Wxlcl 1822 system#igel] o2& o sk
& signal conditioner 2] & 2} PCM Encoder 2|
quantization error7} L EJFHe] s Qc} o

2} 4 signal conditioner] 4 2] Error sourcetv %

! discrete voltage

2 nonlinearity gain#} offset voltage % current
8| temper ature coefficientel] 2|%F drift o] = o] %
2| factor & worst caseol] 4] +0.188% (£ 5V Full
scaleoll 4 )2 i =l gich, 2 2]5 PCM Encoder

AT
:
M,
He
-
<

"

L)
- s
s
-
»’
L4 - 2]
H 7
H =
W =4
m =
26"
)
0°
*

88 Antenna ¢—plane radiation pattern(§=Variable, ¢=180°),
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