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( RESUMO ~NOTAS /ABSTRACT - NOTES 1

This document presents the performance requirements for the
Direct Telemetry Encoder (CODIR). This equipment is part of The On Board
Supervision Subsystem to be used in the MECB/SI satellites. The CODIR shall
acquire bi-level, thermistor and .analog telemetry signal from the satellite
subsystems, convert the analog signals to digital ones format the acquired
data in telemetry frames and transmit them to the ground segment. The
CODIR architecture and module functions are defined.
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RESUMO

Este documento apresenta os requisitos de desempenho  do
Codificador Direto de Telemetria (CODIR). Este equipamento faz parte do
Subsistema de Supervisdo a ser utilizado nos satelites da MECB/SI. = 0O
CODIR devera adquirir os sinais de telemetria digital, analdgica e dos
termistores, converter os sinails analogicos em digitais, formatar os da
dos adquiridos em quadros de telemetria e transmiti-los para o segmento
solo. A arquitetura e as fungoes dos modulos do CODIR sao definidos.






LIST OF CONTENTS

LIST OF FIGuRES.......I"I.I.‘....'..l.l..........l..l.l‘.l.l.. v
LEST OF TABLES . «uvvuuveeneeenceenseenneennsennsennsenns eeeeans Vit

T = PURPOSE . vt veseusunsonoassoesonnnsensssacessnsnnssnaeeasnens L
2 - APPLICABLE AND REFERENCE DOCUMENTS .. .euuuseseeennnerenennns 1

2.1 - Applicable documents (AD)...vceersuenosssnasencsnnnsanans 1

2.2, - Reference dOCUMEBNES e ceeeseorassscsocsscasssnsanceces ceean L

N

3 - TECHNICAL REQUIREMEMTS. . vueriineenrenneneenneescnnonnssens

3.1 - Equipment definition...eeceserececsocsossnsecasanns coeens
3.1.1 - Equipment desCription.e.eceeceeecesoeseccnscnesdecsanses
3.1.1.1 = Controller.eeeeeeeeeseeceseneossessosssanncnsnascnsos
3.1.1.2 - Bi-level, analog and thermistor interfaces...........
3.2 - Interface definition...eeeeseeeerceesassceosesnsansannsns
3.3 - Performance requirementS...ceseseesecnsoorscscacansnsaaas
3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.3.6

3.4 - Design and construction requirements.....eceeevens. ceeeen

Analog channels...eeeseeesssrevscssocnsnsesesnssascenasnss

Thermistor channels..ceeeeesesasscssacssscccsenssoonss e

Bi-]eve] Channe]s.....--..-..-.-,o..o........-..........

Te]emetl"y frame...'.-.-............--...................

TM Video....... ------- €08 9t 000000000t L0t sPR 000

On-board computer interface requirements...............

W W 00~ N U e W W NN

3.1*01 - Lifetime..-.....-.-.....q-...........-.--....-. --------

0

3.4.2 - Reliabilityeeeeieeereseneeosreoacecneenosnasncnnenns ves

—
o

3.4.3 - RedundanCy..ueeeeeeseeerecerocssenssscascooncososcannnns

-—
o

3.4.4 - Interchangeability.c.iveeeereeereneneeeeenvenconannnsns

—
o

3.,“.5 - Maintainabi]ity.-..-.............--.--..-...... --------

—
(]

3.4.6 - Electrical requirementsS...c.ceeeeeesenesoasesecesnccnnsss

—_
N

3.4.7 -~ Grounding requirementsS....ccceeuveereneenanteersnncennns

-—
N

3.1'.8 - EMC FeQUir‘ementS-.....-...........-..q........... ------

—
W

3.4.9 - Environmental requirementsS...eeeececccnsearescecacnns -

—_
w

3.4.10 - Mechanical requirementS...eeeesseeanenseas Ceerenees ..

w

3.4.11 - Thermal requirementS....coeveeous. Creessesieneanaenans

—
SN}

3.401‘2 - TeSt pOintS....-..-....-..-........ ------- Cetr e s e



Page

3.4.13 - Safetyeeceieenncncncacnsnnsnns ceteanas Chececesreanean 13
3.4.14 - Workmanship.eoeeeseoneans ceeeeaas ceeresaeas Ceeeeeeans 13
3.4.15 -~ Identification of product....veeereereresnrnsnennnans 14
3.4.16 - Product assurance..... Ceeaeesteetes ettt er s 14
3.4.17 - Material, components and proCesS.....ceeveevescnscnns 14
3.4.18 - Preparation for delivery..... Ceeraiiieete ittt 14

- 70 =



W -

CODIR block d

LIST OF FIGURES

L= T o= ||

Telemetry frame..... S T

OBC interface









LIST OF TABLES

1 - CODIR maximum power COmMSUMPLiON..cieteereeeenaccnoaneonnns

2 -~ CODIR EMC requirements

------------------------------------

- VLT -

11
12



e T A S O PA GO € T NCLOGH : ‘ o:  A-ETC-00k
e " IISITUTO € FESQUISAS €SPACIAIS DOCUMENTO N=. 3

PAGINA" 1

MECR/SS . VERSAO:* 1

1. PURPOSE

design,fabrication and test of the Direct Telemetry Encoder (CODIR) to be

This document establishes the requirements for performance,

used in the MECB/S1 satellite.

2.APPLICABLE AND REFERENCE DOCUMENTS

2.1 - APPLICABLE DOCUMENTS (AD)

2.2 -

a)spacecraft specification A-ETC-0002 ,

b)spacecraft to ground interface specification A-EIF-0002 ;
c)design and construction specification A-ERC-0001;
d)environmental spécification A-EAB-0001 ;

e)EMC specification A-ECE-0001 ;

f)spacecraft product assurance plan A-GQL-0006;

g)listas preferenciais de componentes A-GQL-0008;

h)listas preferenciais de materjais e processos A-GQL-0009;
i)PSS-45 ESA PCM telecommand standard (April 78);

j)PSS-L46 ESA PCM telemetry standard (April 78):

ll)On-board supervision subsystem A-ETC-0007,

REFERENCE DOCUMENTS

a)plano de desenvolvimento e teste do satélite de coleta de dados

A-GRC-0010 ;

b)on board supervision system preliminary design review A-Rev-0007;

c)the direct telemetry encoder: a detailed description A-Rev-0011,
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3 - 1ECHMICAL  REQUIREMENT

(Xt} ~

[72]

3.1 - EQUIPMENT DEFINITION

The Direct Telemetry Encoder (CODIR) shall acquire bi-level,
analog and thermistor telemetry signals from the satellite subsystems. The
CODIR shall sample the telemetry channels cyclically at a defined rate and
convert the analog signals:todigital ones.Inaddition, the CODIR shall format
the acquired telemetry data in frames adding a header tothe beginning of
the frame and an error control word to the end. The frames shall be

continously generated producing a bit stream. The bit stream shall be

bi-phase encoded and PSK modulated producing the telemetry video that

shall be sent to the transponder, umbilical and integration connectors.
The CODIR shall also house an independent circuit that operates under on
board computer control to multiplex the bi-level, analog and thermistor
telemetry signals. In addition, the CODIR shall house a circuit that
supply bias to the thermistors.

3.1.1 EQUIPMENT DESCRIPTION

The CODIR shall be composed by a controller, a bi-level
telemetry interface,an analog telemetry interface and a thermistor

telemetry interface as depicted in Figure 1.

Bl |- LEVEL SIGNALS ANALOQ | SIGNALS THERMISTOR S1GNALS
THERMISTOR

B1-LEVEL INTERFACE \NALOG INTERFACE INTERFACE
CODIR 0BC CODIR 0BC ‘
MUX MUX 1 Mux MUX CSS;R 33§

P 1Y V, /|

s . Tr/E Eﬁ;‘
» 0BC
CONTRCLLER
[ ™ vipEO ‘

Fig. 1 - CODIR block diagram.
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3.1.1.1 = CONTROLLER

The controller shall provide the addresses for the
bi-level analog and thermistor multiplexers, convert the analog telemetry
signals to digital ones and format'tle acquired telemetry in frames. In
addition, the controller shall transmit the frames continously producing
a bit stream that shall be bi-phase encoded and PSK modulated.

3.1.1.2 - BI-LEVEL, ANALOG AND THERMISTOR INTERFACES

Each interface shall consist of two sets of differential
multiplexers that shall be energized independently of the controller. The
first set shall be addressed by the CODIR controller, while the second one
shall be addressed by the on-board computer.

The two sets of multiplexers shall be isolated one from the
other by resistors to protect them against over-voltage and to avoid that

failures in one set of multiplexers affect the other set.
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3.2 - INTERFACE DEFINITION

The CODIR interfaces shall be:

a)

b)

c)
d)

e)
f)

analog, thermistor and bi-level telemetry channels with the
satellite subsystems;

telemetry video output with two S-band transponders,one umbilical
connector and one integration connector;

address lines and reference line with the on-board computer ;
two sets of differencial lines with the on-board computer for
transmition of multiplexed telemetry data;

power supply;

techanical and thermal interface with the satellite.

3.3 - PERFORMANCE REQUIREMENTS

3.3.1 - ANALOG CHANNELS

Each analog channel shall be acquired by the CODIR at a rate of 2 samples

per second and, then, shall be converted todigital one. The analog acquisition

interface shall satify the following requirements:

a)
b)
c)

d)
e)

Capacity: 64 differential channels,.

A/D converter: 8 bits.

A/D converter function: Z = U - 10mV (rounded to the next integer),
where U is the input voltage i%0m¥Vand the range of Z is from zero
to 255. '
Acquisition accuracy f 1% of the full scale,

Acquisition time diagram of a channel:
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lvD coNVERTION]

v
L]

0 t1 o t2 t3 time

-k e —— -

where:

Ti: 122 T 1 usec;,
T2 - T1: 25 ¥ 5 ysec;
T3: 3906 I | usec ;

e)Electrical interface:described in AD 2.1.c.

3.3.2 THERMISTOR CHANNELS

Each thermistor channel shall be sampled by the CODIR at a rate of 2
samples per second and ,then, converted to digital ane. The Thermistor acquisition

interface shall satify the following requirements:

a) Capacity: 32 channels .
b) A/D converter: 8 bits.

c) A/D converter function:

Z=U-10mv (rounded to the next integer),

20 mV .
where U is the input voltagein mV and the range of Z is from
0 to 255.

d)Acquisition time diagram of a channel:

Same as the analog channels.




~ -
. el "] QST O AT E TECNONOCIN - )

o INSTITUTO DE FESQUISHS €SPRAIAIS DOCUMENTO N2I A-ETC-0043
PAGINA 6
MECB/SS VERSAO' .

e) Thermistor voltage bias,Vb: 5V ¥y

f) Thermistor circuit:
VB

Vg

where R = 20 Kk» ¥ 1%

g) Electrica) interface :similar to the analog channels.

3.3.3 - BI-LEVEL  CHANNELS

Each bi-level channel shall be samplied by “he CODIR at a rate of 2
samples per second.The bi-level acquisition interface shall satisfy

the following requirements:

a) Capacity:6l differential channels,
b) Threshold voltage: 166:'0,2,

¢) Acquisition time diagram:

[ Mux cATE (OPEN l
1

T SAMPLED

'
]
i
[]

x L]

t1 t2 time

O af o = -

where
T1 = 244 +lusec,
T2 = LB8 +1psec.
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d) Electrical interface is described in AD 2.1 C.

3.3.4 - TELEMETRY FRAME

" The acquired telemetry data shall be formatted in 128

octed frames as depicted in Figure 2.

0-1 2 3 b-11 12-15 _ 16-47 B8-111 112425 126-127
FRAME | FORMAT| DIGITAL THERMISTOR|  ANALOG [
syNC | NKHBE"| tiunBER| TELEMETRY | SPARE TELEMETRY | TELEMETRY [PARE[CRC
MODE DATA DATA DATA |
where:

Sync word: 1110 1011 1001 0000 (Binary).

Frame number: 0000 (BINARY).
Mode: 1100 (BINARY) .
Format number:from 0000 D000 to 1111 11111 ( BINARY) .

CRC plynomial: x16 P x1% e X% e (generated from octed 2 to 125).

Fiq. 2 - Telemetry frame.
3.3.5 - TM VIDEO

The telemetry frame shall continuously _ generated at the
rate of two frames per second producing a NRZ bit stream.Then,the bit
stream shall be bi-phase encoded and modulate a square wave subcarrier
in PSK producing the telemetry video.The TM video shall satisfy the

following requirements:
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- PSK carrier frequency: 85,536 210 h2 square wave,

- Data stream bit rate: 2048 bps derived from the same oscillator
as the PSK carrier.

- Data stream code: bi-phase L.

- Out put channels: L.

- Electrical interface: described in AD 2.1.1,

3.3.6 - ON-BOARD COMPUTER INTERFACE REQUIREMENTS

The multiplexer sets under control of the on-board computer

(0BC) shall be addressed by seven lines and a reference line. The
reference line shall indicate the level to compare the address lines
and to inhibit the output multiplexers when the OBC is off. The outputs
of the multiplexers utilized to acquire analog and thermistor telemetry
siganls and bi-level telemetry signals shall be connected to the 0BC

through two sets of differential lines,as described in Figure 3.

ADDRESS L INES N
),
3
08BC REFERENCE L INE CODIR
v ANALOG TELFMETRY .
) DIGITAL TELEMETRY

Fig. 3-0BC interface.

Electrical Interfaces:

a) Address and reference line:
input impedance: 100KQ minimum ;

input capacitance: 100 pf maximum ;




-
b T AUVISTOUO DA CEACH € TENOLOCH .
"0/ ISTITUTO CE FESQUISRS €SPACIAIS DOCUMENTO N2 A-ETC-0043
PAGINA: 9

MECB/SS VERSAQ: |

over voltage capability: I 16V maximum.

b) Analog and digital differential line.

b.1) Output impedance:
during acquisition: 50KQ maximum + the output impedance of the
telemetry line of the selected channel; '

outside acquisition: 1MQ maximum

b.2) Voltage range:
- during acquisition: same as the select channel limited in
-5,5 to 5,5V;

outside acquisition: tri-state ;

over voltage capability: I ev (with an over voltage source
impedance of 2KQ I 5%).

3.4 - DESIGN AND CONSTRUCTION REQUIREMENTS

The subsystem equipments shall meet the following design

and construction requirements, except where specifically excluded.
3.4.1 - LIFETIME

The subsystem shall be designed to meet all specifications
for a life expectancy of up to 1 year of integration and tests, 2 years
storage and 6 months mission over all environmental conditions specified

in Section 3.3.5.
3.4.2 - RELIABILITY
The CODIR shall meet the requirements of these specifications

for the mission lifetime defined in Section 3.3.3.i, with the minimum '
reliability of 0.98 for a 6 month mission.
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3.4.3 - REDUNDANCY

The telemetry signal shall be acquired by two independent
sets of multiplexers, one controlled by the CODIR and the other controlled
by the on-board computer.A resistor of L7kt 5% shall be inserted into the
input of each mutiplexer channel to protect the multiplexers against over
voltage and to isolate the mutiplexers addressed by the CODIR controlled

from the mutiplexers addressed by the on-board computer.

3.4.4 - INTERCHANGEABILITY

The interchangeability requirements shall be in accordance
with Section 3.5 of AD 2.1.c.

3.4.5 « MAINTAINABILITY

The subsystem equipments shall be designed such that
replacement and maintainabllity can be readily carried out as the

manufacture premises, in accordance with AD 2.1.c.

3.4,.6 - ELECTRICAL REQUIREMENTS

The controller, the muitiplexers addressed by the
controller, the multiplexers addressed by the OBC and the thermistor
circuits shall be connected to the power supply using independent lines,

as described in Figure 4.




g 1 “ AN 1 5 DA NG € TECV O °- .
e/ sinuro pepesouisas espaciais | DOCUMENTO N2 apre_goy3
PAGINA: 11
MECB/SS VERSAO: !
+15V
L CONTROLLER
=TV
4
Fe= = - == - ===
+ 5V \ 1
: CODIR MUX |
)
-15vV : R T= 5\ |
3 VOLTAGE REGULATOR | -
+
| : 0BC MUX | &
| | =
15V Jl o 1- 5y P
3~ VOLTAGE REGLLATOR | |
: n
t
: > THERMISTOR CIRCUIT |
.| '
+15V Voo T x5V |
, 3| VOLTAGE REGULATOR :

Fig. 4 - CODIR power supply interfaces,

The COD!R maximum power comsumption is presented in table 1.
TABLE 1
CODIR MAXIMUM POWER COMSUMPTION.

VOLTAGE
+ + +
15V - V.- - s
MODULES 5 5% 5 5% 15V - 5%

CONTROLLER 0,45wW 0,43w 0,66W

CONTROLLER MUX - 0,030W ' 0,045W

0BC MUX - 0,0454 0,045wW
THERMISTOR CIRCUIT}0, 18W )
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The groundig requirements are defined in the Design and

Construction Specification (AD 2.1.c)

3.4.8 - EMC REQUIREMENTS

The CODIR shall be designed in accordance with the

requirements of AD 2.1.c. The test classes are defined in t.able 2.

TABLE 2

CODIR EMC REQUIREMENTS

TEST CLASS1|CLASS 2[CLASS 3
CONDUCTED EMISSiON * sy X
OWER LINE
P L 5V X
CONDUCTED EMISSION * 15y X
POWER LINE COMMON ,
~ MODE , 5V X
RADIATED EMISSION E-FIELD X .
RADIATED EMISSION H - FIELD y
CONDUCTED SUSCEPTIBILITY | E ey X
COMMON MODE - 15
5v X
RADIATED SUSCEPTIBILITY X
E - FIELD . g
RADIATED SUSCEPTIBILITY X
H - FIELD
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The subsystem shall be designed to withstand all mechanical,
thermal, climatic and other in-orbit (pressure and radiation)

environmental conditions defined in AD 2.1.d.

3.4,10 - MECHANICAL REQUIREMENTS

The mechanical requirements shall be in accordance with AD
2.1.c.

The CODIR shall be assembled in one box with the maximum
dimensions of 250 x 230 x 150 mm (not including the attachment lugs), and

the total mass shall be less than 5 Kg.

3.4.11 - THERMAL REQUIREMENTS

The thermal requirements shall be according to AD 2.1.c. The

temperature limits shall be:
- Operation range: - 10 to 50°C.
- Startup: 20°c.
0
- Qualification range: - 20 to 60 C.
3.4.12 - TEST POINTS
Test points shall comply with the specifications of AD 2.1.c

3.4.13 - SAFETY

The CODIR shall meet the safety requirements specified in
AD 2.1.c.

3.4.14 - WORKMANSHIP

The CODIR shall be built to standards normally associated

‘with satellite hardware and shall be in accordance with AD 2.1.c.
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3.4,15 =1DENTIFICATION OF PRODUCT

The CODIR shall be identified in accordance with AD
2.1.c.

3.4.16 -PRODUCT ASSURANCE

The CODIR shall be designed and constructed according to
the requirements of AD 2.1.f.

3.4.17 -MATERIAL,COMPONENTS AND PROCESS

Components,materials and processes used must comply with
AD 2.1.c.

3.4,18 -PREPARATION FOR DELIVERY

Each subsystem equipment and part shall be shipped in

accordance with AD 2.1.c.
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