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: Radiotelemetry of Man-mnde Satellite

4 Wu Ling-yno
In last issue of this journal, the first half of this article was
t4 published, The following is its second half, which continues to intraduce

the methods and principles of radiotelemetrvy of man-made setellite.

While a satellite is flying in the space, in it there are numerous
eirineering parameters nnd exploration parameters, which thosewho are working
on the ~round want to know, Sensors, explorers and distant-sensors are here

and there in the satellite, and the telemetric parameters are always

| hundreds in number, About the engineerins parameters and exploration para-

meters, what people want to know most is the rule of their continuous chances

et o

follwoing the chaire of time. This obviously requires a telemetric system

to be able to transmit the huge number of parameters without interruption

Oile

kb aidindins =

Should each telemetric signal be modulated on one carrier w:ve, there must be

hundreds of emittors equipped in a satellite, Certainly this is not economical

nor practical, But if the telemetric sirnals sent out from any sensors

are at the same time modulated on one carrier wave, these sirnals will be

undoubtedly mixed together into 2 mess, This situntion is just like many

different kinds of rrain on one vehicle to transrort, when they arrive at

the receiving station, there is no way to sort them out properlv. Isn't i

i there any way to transmit several telemetric sirnals at the same time with-
out being messed up and they can be propeely differentiated on the rr-und?

Mlothing is hard in this world if vou dare to scale the heirhts". Through

practices, a few multi-path telemetriec methods have been found. Amons them,

two methods are often adonteds one is frequency difference multi=path and

'
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In satellite ] On ground

Fimre 7 Diagram of frequency difference milti-path telemeterine
(Vote: S=sensor, CCW=co-carrier wave, B=emittor, R=receiver,

BP™ band pass filter, CCWM=co-carrier wave modulation,
RD=recorder, )

Frequency Difference Multi-path Telemeterine
Taking transporting grain for example, there are No.l, No.,2, No,3 and
No.4 four different kinds of rrain, which must be transported to one place.
Before loading them, put 100 eatty of No.l grain in a bar; 120 eatty of
No.2 in a bag; 130 eatty of No.3 in a bag; and 140 catty of No.4 in a bar,
load all the bass on one vehicle., When they are transsported to the recevine
station, they can be differentiated according to the 1ifferent weights of
the bars, In the same manner, four telemetric signals ean be transmitted
at the same time, Let the four telemetric signals be modulated resvectivelv
on four oscillations of 1 kilohertz; 2 kilohertz; 3 kilohertz; and 4 kilohertsz
four different frequency., These four gpodulated oscillat’ons are called
co=carrier waves, and they are put torether ad modulated on an emittor,

Then a carrier wave carrving t'ese co-carrier waves is emitted out from the

emittor, After being received at the ground station, the carrier wave is
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first filtered t'rough a band pass filter, The band pass filter permits

only the wave of a fixed frequency to pass. As in Ficure band pass

filter 1 only permits waves of 1 kilohertz to pass, hand pass filter 2 only

permit waves of 2 kilohertz to pass and so on, Thus the four co-carrier

waves of 1 kilohertz, 2 kilohertz, 3 kilohertz and 4 kilohertz can be

separated by four differeent band pass filters, Then the

four co-ecarrier

waves are demodulated and the telemetric s'rnals carried down by them ca

be taken out, Because this kind of multi-path telemetering uses the frequency
difference of the co-carrier wave to differentiate the telemetering path,
it is therefore called multi-path telemetering separated by frequency

dirference and it 1s abbreviated as frequency difference multi-path telemetering.

in a frequency difference multi-path telemetric svstem, between

frequency of two co-carrier waves, there is an interval, which must be

larre enourh to vrevent their mutual interference. The number of path and

the number of co-carrier wave cannot be too many, because the more are the

co-carrier waves, the smaller is the interval : between frequency of two

co-carrier waves so the easier is the mutual interference. At the »resent

time,

the number of paths in frequency differernce multi-path telemeterin-

is no more than 15,

In order to carry out frequency difference multi-path telemetering

efficiently, in a telemetric system, there should be su'ficient number of

co-carrier wave oscillators and adequate technique of co-carrier wave

modulation, The modulation of co=carrier wave for telemetric sicnals can

| be eitheor amplitude modulation, frequency modulation or phase modulation.

The modulation of carrier wave for co-carrier wave can also be any of the
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above three nodulationsg, Thus thev ean be combined into a fashiion of
amplitude modulation---amplitude modulation (the “ormer is co-carrier wave,
and the latter is carrier wave), amnlitude modulation---“requency modulation,
frequency modulation---frequency modulation, frequency modulation---phase
modulation, nine "two-fold modulation", Because frequency modulation system
has the merit of strong interference res!stance abilitv and w'de freque cy

s

band, thls system is now ad-nted widely., In recent years, following the

develorment of locking phase technique, some rround station has bemun to
use lockine phase method to receive phase modulated wave, This method has
proved able to promote the accuracy of telemetric sirmals, and the carrier

wave phase modualtion has therefore becime popular,

Time Difference Milti-path Telemetering

Of the multi-path telemetering separated bv time difference, abbreviated
as time dif“erence milti-path *elemetering, the nrinecinle ia that the
emittors in a satelllte rotativelyr omitoench telemetric stmnl at A3 € arent
time. Again taking transporting era‘n for example, when the vehicles
come over one after aother, the first vehicle is assigned to carry Yo,l
rain, the second vehicle, No, 2 and go on. 'hen the firfith vehicle comes,
it is asked to carry No.l rrain, the s'xth vehicle, No.2, so on and so forth,
The receivn~ station then ean di“ferentinte the kinds of ~rain sccordin-
to the order of the arrival of vehiclesa, In the transmission of telemetrie
parameters, the time order is like the order of the vehicles. The emittor
uses the first time interval to emit telemetric sisnals of sensor No,l,
uses the second time interval to emit s’rmals of sensor No.2 and 86 on,
Then it uses the fifth time interval to emit sirnals of sensor No.l, o on

and so forth. The work of emitting telemetric sicnals in rotation ean he




performed by a path alternator.
---5 _ signals.and sampling

The path alternator connects the e >~ of sensor 1

H~‘ g~ time
four sensors to the emittor L
rotatively, and thus the telemetric 7 signals -ang- sampline

L — "=~w. of sensor 2

signals modulated on the carrier \\IFI/TI H‘-time
wave at different times are four sirnale -end* say pline of

o sensor 3

//

separate telemetric simals (™ rure

w a0 I B TS

8), Correspond nelv,at the ground

. \ . S
station, there is also a path & ~ signals apd sampling of

o : sensnr 4
alterantor, which can differentiate lr I time

the four telemetric sicnals based telemétric.sirnals on
carrier wave

il Moty _ove

on the order of time. The path L
I

alternator at the ground station

must work strictly at the sarme Firure 8 Sampling and carrier wave of
time difference multi-vat!
pace with the path alternator in telemetering

the satellite (Firure 9), Otherwise, it will make wrone identif cations by

"outtine Chang's hat on Li's head" as it can migtalke the telemetric siemals

of sensor No,l for those of sensor No,2.

(Note: S=sensor,

PA=path alternator,

T-emittor, R=receiver,

DM=demodulation, 1
RD=recorder.)

In *He satellite On the er~und

Firure 9 Diarram of time difference
telemetering




From Ficure *, it can be seen that time df~“erence multi-path
telemetering is in fact to separate the continuously changine telemtric
signals into isolated ones to send out, The path alternator takes one value
of the telemetriec sirnnls sent out from a asensor when it males one contact
with the sensor. Such a process is called sampling. What is received on the
sround is also a isolated signal, Can these isolated signals ropresent

the origrinal cont'nuously changing signals? Theorectically it can prove

that {f the times of sampling per second from the telemetric sirnals are

as many as two times more than the hiphest frequency of the telemetrie

sienals, the isolated signals received on the eround can perfectly represent

the original continuously chanpging signals, In fact, it takes a very short

moment for ah electranic path_alternator in 'a satellite to connect one

sensor from another, and !t takes also a verv short moment for one sensor

to connect another, So even though the se sors in a satellite are many, the
.

time interval between two samnlings of each telemetric sical is still very

short., And most of the changes of the engineering parameter and the gxplorntion

,9;-:(\f e/

parapeter are slow, and their highest frequency is slow, too. It is therefore
completely possible to have the times of sarpling per second two times more
than the highest frequency. Certainly, for the telemetric parameters,which
change very fast, 1t 1s necessary to use frequency d'“"erence multi-path

telemetering to transmit,

In practical systems, both the frequency difference multi-path
telemetering and the time difference multi-path telemetering are used jointly,
so that one's shortcomings can be made up by other's strong roints (™ emure
10)., Thus the fast changing narameter of fregquency difference milti~nath

tolemetering and the slow cha ping parameter of time difference multi-path

6




talemetering can be complementary to each other,
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Moure 10  Diagram of a combination of frequency difference multi-path
telemetering and time difference multi-path telemetering

ote: TDMPT=time difference multi-path telemetering, S=sensor,
PA=path alternator, CCW=co-carrier wave, E-emittor,
R=rece'ver, BPFP=hand pass filter, CCWD=co-carrier wave
demodulation, RD-recorder.)
Pulse Code Modulation
Since the telemetric svstem is a svstem to make survev and to send
data of a long distance, the most important indicator of the quality of ‘he
ability of the system is wether the telemetric paraneters can maintain

without |
their originality * & distortion after being transmitted through a long |

distance and wether tlie parameters demoiulated on the ground has little
error, ETors in telemeterins are mostlv caused bv interference of the

straying electric waves during the transmission,

At present, in telemetric svstem of man-made satellite, the pulse coding f
modulation method is widely adapted, and the name of the method is abbreviated
as pulse code modulation, It is an advanced modulation system, which eca:
holp incpease interference resistance strencth and promote accuracr of ipe

telemetering,
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As stated above, the delivery
work performed by a sensor is a voltare
- signal, which is in a proportion to the

size of the surveved

Times of sampline ..
g 14n: S i =t Y B
narameter, Because it gqnp¢?n7 ?aluo vecteg s | oa | s 1"1‘*
mntization value,,.! . : B
Quantization error,:.!,

ses the change of Bi 7 |
use ) 4 BInary code ......0%few | i e 3

Pulse ETOUpP .eeenolerti L | mm]Jm'

|13I31

-t voltare to analorcize

the change of the Firure 11 The process of pulse code modulation
reformation

survey/ paranmeter, it is

1 therefore a kind of analos sirnal, The modulation mentioned above refers

to that which uses this kind of analoe sirnal to modulate co-carrier wave

or carrier wave and ‘o make their amrlitude (frequency or phase) chanre
continuously following the hish-low voltage change of the analogs signal,
Modulation of this kind is called analog rodula*%on. The pulse code modul-ation
h is a digital modulation, which is essentially different from anmlog modulation.

Its characteristiec is that the sirnals sent out from a sensor must first

eV A

make a "pulse coding”, To"transform"analor signals into digital pulse
signal is to modulate co~carrier wave or carrier wave based on the fact of
e llhen

wesker there is a pulse or n't, The process of this "transformation"

includes three steps: sarliny’, quantization and coding (see Fi~ure 11),

The first step is to sample from thc analoc sinpals of the telemetric

parameters sent out by a sensor, and to change the continuous sienals into
a series of separate value of different time interval, This pr-cess is
same as the sampling in time difference multi-path telemetering, The number
4 of times of sampling the analog signals of each path should be as many as

two times more than the possible hirhest frequency.

923
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positive pulse inducates "1" and negative pulse "O", So three continuous

= £
N
| pulses indicate 111 (or 7), Yecntive nrulse at both ends but one positi-e
B ruplse in the middle, +they are 010 (or 2), Then milse aup momlates o
ro=-carrier wave or carrier wave, Using positive and negative pulse to
: ! modulate is in fact to practise a switch type control over co-carrier wave
| or carrier wave, s0 this kind of modulation is called key control, Tor |
‘nstance, in eco-carrier W&8Ve modulation, when there is a positive pulse,
OO \'\v-r-:A‘v' Wive anneara and {ta am :]{4”1;“ i‘q -1-\1“»‘.11: \\,]1’\“,‘; “‘.f‘“f‘ ;s —
mulse (ne~ative pulse), the co-carrier wave does not appear and its amplitude

-

is zero. This is called amplitude kev control, In frequency modulation,
when there is a positive pulse, ‘he freguency of co-carrier wave shows an
wclination; when there is no pulse (nerative pulse), the co-carrier wave !

maintains a center frequency. This is called freqguency change }-:‘))"’ control,

same principle, phase modulated by positive and negative pulse is

called phase change key control, When there is a positive pulse, *he co-
0
carrier wave phase inclines by 1803 when there is no pulse (nerative puls-),

the phase is normal (‘..“? are 12),

Digital simmal

Pulse actuallv sent out

]
!
|
|
|
[
|
|
!

T I
thp,epw-tgothed shave is the

interference of

gtraving waves

1

i

14
Co-carrier wnave modulation ) "

Pulse obtained after
demodulation on ground

Throuch filtering

Sent out from
wave detector

Floure 13
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The rreat advantarse of using pulse code modulation method is that
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it can free the telemetric sicnals from interference bv the straying
electric waves when they are being transmitted, 'Yhen a carrier wave is
emitted from a satellite to the ground station, its amplitude often chanres
because the interference of the strving electric waves, and as a result,

1 some additional amplitude modulation comes out. When amplitude is modulated

by analos modulation, this additional amplitude modulation will become an

error. In pulse code modulation, as the carrier wave from an emittor has
amplitude key control, when demodulation takes place on the cround, there

is only the necessity to see if there is carrier wave and nothing to do with

the size of the carrier wave amplitude, so the additional amplitude modu-

lation caused by interference causes no problem to the whole process, From

Firure 13, it can be seen that because the carrier wave is interfered by

the straying electric waves in the course of transmission, its am litude
has some extraordinary changes., When it is received on the rround, the pulse
obtained throurh demodulation is almost entirely different from its oricinal
shape. But in wave 7gzgctinw, it only needs to see if there is carrier wave.
411 that of which the amplitude is not lower than one half of the normal
value ean be restored as a whole pulse, and that of which the amnlitude is
lower than one half of the normal value is no-pulse or nerative pulse, Onlv
in the ease of extraordinarily strons interference, the amplitude of carrier
wave ean become lower than one h-lf of the normal value, and only at the

time interval when there is no pulse, there appears an extra amplitude,which
15 more than one half of the normal value, then comes the error of confusing

0 and 1., However, the chance of having such an extraordinarily strong

11
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nterforence la rare,

phage change koy control, in the demodulation on the ground, there

nead to nee !f‘ &l

nothing to do with the marnitude of Inalination, Even

value oan change because of interference, penerally, howvevaer, {t will not
onuae any error, To the freaquency and phage modulated by analos modulation, i
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the nterference reatatance ability of the telemetrio atrnala ta eor
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Most of the pulse code modulation svstem are 6f two-old modulat ion,

Fhe the co—earrior wave 1a modiilated on ecarrier wave,

The digit pulse telemetric signals are modulated on co-carrier wave nnd

It 18 an analog-to-dicrital converter, namely a coder, that is used

to chance amalos giornals into dicrit airnals., In pulse code modu
telemetric svatem, betwren the sensor and the emittor, there is

(Mrure 14). Corresvondingly, at the ground receiving station,

aet of equipuont.which ea be used to convert disit sfgnal into

It is cnlled dirital-to-analog converter or a decoder,

hinary 1eital ecode aftor derdulation eanP®hanreqinto analor o

and after amplifieation, they ecan be recorded and dlisclosed,

!

'

1

nttan

a coder

here 18 o

analor

So the

sl volta -
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