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ItemsItems
Pasting of side solar panels to body
Solar panel manufacturing
Solar panel deployment test
Antenna design, manufacture and test

�

Antenna design, manufacture and test
Bus layers stacking fit check
Magnet-Torquers installation design
Payload components installation design
Front cover modification
Harness routing
Thermal analysis
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InKlajn-1 TasksInKlajn-1 Tasks

Transmitting Telemetry of the payload as long as the 
power budget allows it.
Pointing the satellite towards the sun to collect sufficient 

��

solar flux.
Redirecting the satellite towards the sun in cases of 
‘Lost-In-Space’ 



Inklajn-1 Sensors and ActuatorsInklajn-1 Sensors and Actuators

System Sensors
3-axis Magneto meter, measuring B.
3-axis MEMS Gyro.

��

3-axis MEMS accelerometers
Solar arrays functioning as a Sun sensor

System Actuators
3 Magneto-torquers. 



System Logic Design RationaleSystem Logic Design Rationale

ASAP (As Simple As Possible)
Each logic state and transition requires software testing, 
less states yields less transitions yields less testing.

��

Two On Board Computers (LEON3 and MSP430) that 
can function as ‘Master’.
Reuse of code and design for both processors
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InKlajn-1 System LogicInKlajn-1 System Logic

The Logic states are:
OFF
INIT

��

Not Active
Standby
Sun Search
Sun Cruise
Eclipse



States DescriptionStates Description

OFF state
The S/C is still in the launch pod.

INIT state
The S/C has separated from launch pod and starts init 

��

The S/C has separated from launch pod and starts init 
sequence: memory check and boot sequence etc'. After init 
sequence the S/C goes into Sun search state. (Solar panels 
were opened automatically).
From this point until the end of the mission the S/C will sample, 
pack and transmit telemetry.
Incase of numerous boots the S/C will run through the Init 
sequence from start. 



States DescriptionStates Description

Not Active state
Due to the fact that the S/C has two active processors, with an 
identical logic module, after first wakeup each processor checks 
for the other one's heartbeat (implemented using a MOSFET 
switch). 

��

switch). 
If the heartbeat is detected, the processor will enter 'Not Active'
state.
In this state, a cycling monitoring of the heartbeat takes place, 
each new detection resets a timer to its initial value.
If the timer reaches zero, and heartbeat signal wasn't detected, a 
transition to 'Sun Search' state occurs. 



States DescriptionStates Description

Standby state
This state is dedicated for tests and integration.
During this stage, Attitude control is idle, and only hardware 
monitoring processes are active.

�	

monitoring processes are active.
This state can be entered from any state by Telecommand, and 
is exited upon predefined timeout expiration.



States DescriptionStates Description

Sun Search state
Using Solar array currents, the control algorithm will calculate 
sun vector.
Until sun vector is been calculated S/C is in one of two Sun 

�


Until sun vector is been calculated S/C is in one of two Sun 
Search sub-states:

� Passive sun search – is a time limited sub state in which the S/C will 
maintain minimal angular velocity,

� Active sun search – the S/C will spin along the major inertia axis 
with constant angular velocity this sub state is not time limited.

Once the sun vector is calculated, the S/C using the MTRs will 
try to reduce angular errors to less than 5º, if it succeded, a 
transition to ‘Sun Cruise’ will occur.



States DescriptionStates Description

Sun Cruise state
This state purpose is to maintain S/C panels' orientation to the 
sun at a maximal angle of 5º. 
If S/C calculated attitude error, then a transition to ‘Sun Search’

��

If S/C calculated attitude error, then a transition to ‘Sun Search’
state will occur.
If S/C encounters Sun Loss then a transition to ‘ECLIPSE’ state 
will occur.



States DescriptionStates Description

ECLIPSE state
In this state S/C will manage the battery and will shut down 
payload components if needed.

��

The exit from this state is by time-out when we will exit the 
eclipse to ‘Sun Search’ state, or directly to ‘Sun Cruise’



Satellite ArchitectureSatellite Architecture
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OverviewOverview

Satellite’s bus electrical and logical design

Telemetry / Telecontrol communication processes

��

Telemetry / Telecontrol communication processes

Downlink / Uplink processes

Power Design



Bus RequirementsBus Requirements

Supply power & communications to all units

Connecting several RS232 devices to MCU

��

Connecting several RS232 devices to MCU

Enable multiple CPUs to control all units in the satellite

Implement DRAFT requirements for radio license (More 
in Shami’s presentation)



Bus SchemeBus Scheme

I2C
RS232
Other

MCU
(MSP430F1612)

CPU
(Leon3)

PCU (EPS)

BATT SA
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PDU TCR & Transceiver 1

(ISIS)

RCR 2 

(Pico Packet)

Transceiver 2

(Alinco)

Clock

(AcuBeat)

GPS

(Rockar)

MGM

(Arazim)

IMU

(Arazim)

MGTA2D

(Spares)

MMG

Heaters



Bus Principal Stacking Bus Principal Stacking 

Shared Pins:
Power
I2C
MSP Reset

Bus Pins 
Configuration 2

TNC

IMU

….

��

MSP Reset

All Wires (except solar panels) Go Through the Bus

MSP430

EPS

PDU

Bus Pins 
Configuration 1

Bus Pins Separation

MGM



PDU DesignPDU Design

PIC 1

Input Buffer

Output  Buffer
Unit 1

RX

TX
I2C

PDU
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Output  Buffer RX

PIC 2

Input Buffer

Output  Buffer
Unit 2

RX

TX

… …



PDU DesignPDU Design

PIC 8

A2D Current 
Muxer

I2C

PDU

30 Channels
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Muxer

Power 
Switches

30 Channels

20 Channels



Telecommand / TelecontrolTelecommand / Telecontrol
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How Each Unit Communicates With MCU



Sending Telecontrol to RS232 UnitSending Telecontrol to RS232 Unit

Communication Process
MCU sends data to input buffer (overran prev message)
MCU reads input buffer’s XOR checksum

��

MCU reads input buffer’s XOR checksum
MCU initiates “transmit input buffer” command
Telecontrol command is sent to unit via TX
No interops are used (asynchrony)  

PIC

Input Buffer

Output  Buffer
Unit

RX

TX
I2C



Retrieving Telemetry from RS232 UnitRetrieving Telemetry from RS232 Unit

Communication Process
Unit sends data to output buffer via RX
MCU reads output buffer’s size (buffer refreshes when 
full)

��

full)
If output buffer’s size indicates presents of one telemetry 
packet, MCU reads output buffer content.
No interops are used (asynchrony)  

PIC

Input Buffer

Output  Buffer
Unit

RX

TX
I2C



Retrieving Telemetry from A2D ChannelRetrieving Telemetry from A2D Channel

Communication Process
MCU requests PIC to sample channel X
2 ms delay

��

2 ms delay
MCU reads the result

PIC 8

A2D Current 
Muxer

I2C
30 Channels



MGM - Magnetotorqueres MGM - Magnetotorqueres 
Constrains

Semi - Binary operation: On / Off / Reverse 
Duty cycles of one axis at a time

Vcc(3.3)

SW1

SW2

34

GND(0)

SW2

X torquer  Y torquer  Z torquer  

SW3

Vcc(3.3)
SW4

GND(0)SW5

SW6

GND(0)
SW7

SW8

GND(0) ���������	�
�����	�



Downlink / UplinkDownlink / Uplink
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How do we do it?



Communications ChannelsCommunications Channels

Downlink
Binary <Name – Shami> (Via ISIS)
Binary <Name – Shami> (Via Pico Packet)

��

Binary <Name – Shami> (Via Pico Packet)
CW (Via Alinco's carrier wave)

Uplink
Binary <Name – Shami> (Via ISIS)
Binary <Name – Shami> (Via Pico Packet)



Comm Channels �Requirements Comm Channels �Requirements 

Downlink
Binary – 2 Telemetry packages per minute (2Kb/min)
CW – 12 words every 2 minutes (OK?)

��

CW – 12 words every 2 minutes (OK?)

Uplink
Binary

Up to 1 Kb/min (10 Kb in one pass)
In most passes up to 10 bytes/min



HardwareHardware

PIC

I2C

ISIS

38

PIC

Input Buffer

Output  Buffer Pico 
Packet

RX

TX

CTS

RTS

PIC 8

RAW (8.3V)

Alinco
Audio

Push To Talk
(PTT)

?



Communications Channels - DownlinkCommunications Channels - Downlink

Binary <Name – Shami> (Via ISIS)
We don’t know how...

�	

Binary <Name – Shami> (Via Pico Packet)
Row data is written to Pico Packet’s mailbox
Pico Packet converts data to AX.25 and encodes it
Data is converted to radio waves via Alinco 

CW (Via Alinco's carrier wave)
RW data is encoded using Alinco’s PTT switch



Communications Channels - UplinkCommunications Channels - Uplink

Binary <Name – Shami> (Via ISIS)
We don’t know how...

Binary <Name – Shami> (Via Pico Packet)

�


Binary <Name – Shami> (Via Pico Packet)
Encoded data received by Alinco
Pico Packet decodes data and transmits row data via 
RS232 to PDU
Uplink message is stored in Output buffer and examined 
by both CPUs PIC

Input Buffer

Output  Buffer
Unit

RX

TX
I2C



Duty CyclesDuty Cycles

Both TNC operational 
<Name – Shami> (Via ISIS) – Standby for uplink communication
Binary <Name – Shami> (Via Pico Packet) duty cycle of:

1 Binary package

��

1 Binary package
12 CW words

One TNC operational
Duty cycle of:

1 Binary package
12 CW words (if applicable)
40 seconds – wait for uplink communication



PowerPower
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Available Power LevelsAvailable Power Levels

3.3 V
5 V
RAW (~8.3 V) – taken directly from battery 

��

RAW (~8.3 V) – taken directly from battery 



Power DistributionPower Distribution

MCU
(MSP430F1612)

CPU
(Leon3)

PCU (EPS)

BATT SA

44

PDU TCR & Transceiver 1

(ISIS)

RCR 2 

(Pico Packet)

Transceiver 2

(Alinco)

Clock

(AcuBeat)

GPS

(Rockar)

MGM

(Arazim)

IMU

(Arazim)

MGT

Level Shifter

Heaters



Power ConsumptionPower Consumption

TBD
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Clyde Space 
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Miky
Raz
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SoftwareSoftware
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OverviewOverview

Layer Design

Software Modules 

��

Software Modules 

Logic Modes

Logic Modes Translations 



RequirementsRequirements

Software should be as identical as possible to both 
CPUs: MSP and Leon

�	

Software space: 10Kb max

Processor’s speed is assumed to be 7.3Mhz

Software is single threaded



Software LayersSoftware Layers

���������	
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Software Operational ModulesSoftware Operational Modules
Unit Telemetry Reader – Reads relevant telemetry data 
from all units. 

Satellite State Estimation – Moving average algorithm 
for estimating:

��

for estimating:
Sun position (according to “Advanced Sun Sensors” 
Winetraub et. al 2004)
Earth’s magnetic filed direction
Units temperature (TBD)

Satellite State Monitor – Determines software’s logic 
state according to satellite’s state



Software Operational ModulesSoftware Operational Modules
Downlink Module – Sends data to relevant TNC and 
encode CW code

Uplink Module – deals with telecommand messages: 
Teleload commands, telecommand dictionary 

��

Teleload commands, telecommand dictionary 

ACS Module

Thermal Control Module

Power Control Module - Turns payload units on / off



Software Logical StatesSoftware Logical States

Wakeup
Sleep
Sun Seek

��

Sun Seek
Sun Crouse
Eclipse
Standby



Logical Flow - WakeupLogical Flow - Wakeup

Module initialization

54



Logic Flow - SleepLogic Flow - Sleep

Unit 
Telemetry 

Satellite 
State 

ok

No ActionUplink 
Satellite 

State 
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Telemetry 
Reader

State 
Estimation

Logic State Change

No ActionUplink 
Module

State 
Monitor



Logic State Switching - SleepLogic State Switching - Sleep

CPU can switch to Sun Seek state if:
Ground command
No Magnetotorquers On/Off switching identified

��

No message was send through Pico-Packet or ISIS

When switching to Sun Cruise state: hard reset 
command is sent to secondary CPU



Logic Flow – Operational ModesLogic Flow – Operational Modes

Unit 
Telemetry 

Reader

Satellite 
State 

Estimation

Uplink 
Module

Downlink 
Module

57

Reader Estimation

Logic State Change

Thermal 
Control 
Module

Satellite 
State 

Monitor

ACS

Module

Power 
Control 
Module



Logic State Switching – OperationalLogic State Switching – Operational

CPU can switch from Sun Seek to Sun Cruise state if:
Satellite State Estimation module indicates the presents of 
sun vector

��

CPU can switch from Sun Cruise to Eclipse state if:
Satellite State Estimation module indicates no sun vector

CPU can switch from Eclipse to Sun Seek state if:
Timeout 
Satellite State Estimation module indicates the presents of 
sun vector



Logic State Switching – SuggestionLogic State Switching – Suggestion

Further elaborate Satellite State Monitor functionality to 
allow self testing of malfunction. If Power / Thermal 
values are below critical values, rest this CPU 

�	



Logic Flow - StandbyLogic Flow - Standby

Unit 
Telemetry 

No Action

Uplink Downlink 
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Telemetry 
Reader

Logic State Change

Uplink 
Module

Downlink 
Module



CommunicationCommunication
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Shamai Opfer 4Z1WS
Member of IARC (since 1977), 

AMSAT (2002), 



Our guidelines for InKlajn-1 
communications design
Our guidelines for InKlajn-1 
communications design

SIMPLICITY
Learn from others – don’t reinvent the wheel
Use off-the-shelf components and devices

��

Use off-the-shelf components and devices
No board design (no time and resources at this stage)
Work together with HSC students
Use amateur radio bands > contribute to amateur radio
Strictly follow ITU, IARU, laws and rules!!!!!!!!!!!!!



Some sources of informationSome sources of information

A Survey of CubeSat Communication Systems Bryan Klofas 
(KF6ZEO) and Jason Anderson (KI6GIV), California Polytechnic 
State University
Design and Implementation of the Communications Subsystem for 

��

Design and Implementation of the Communications Subsystem for 
the Cal Poly CP2 Cubesat Project by Chris Noe
QuakeSat Lessons Learned: Notes from the Development of a 
Triple CubeSat (many contributors to paper)
Articles by James G3RUH, Phil Karn KA9Q, …(leaders in AMSAT)
Advice by Shlomo 4X1AS, Peleg 4X1GP, Arye 4X6FT,…
IARU documentation,



INKlajn-1 missionINKlajn-1 mission

Explore the ability to provide space heritage for COTS 
components. 
Enable students to take a part in a real space mission. 

��

(e.g. developing an attitude control algorithm and 
demonstrating it in space). 
Educate new generation of Israeli Radio Amateurs.
Experiment comparison between various telemetry 
methods using BPSK 1200bd, AFSK 1200bd, optional 
BPSK 400bd and MSK 1200bd.



Block diagramBlock diagram
Satellite Ground station

Alinco
DJ-C7
XCVR

antenna(s)

Pre
amp

XCVR
Kenwood

TS790

144MHz
cross yagi
antenna

TNC
(SW)

PACCOMM
PicoPacket

TNC
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ISIS XCVR 
+ TNC

MCUs

data

data

antennas

Data 
from 
payload 
& sensors

TS790

Or

ICOM
IC910H

435MHz
cross yagi
antenna

(SW)
Rascal,
MIXW
WISP
Etc.

PC
AZ/EL

ROTOR
ROTOR 
control



Spacecraft block diagramSpacecraft block diagram
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Primary TransceiverPrimary Transceiver

Primary transceiver by ISIS: 145.950*MHz, 400mW PEP, BPSK or 
DSB modulation, in one of the following modes, selectable by 
command from the ground:

CW beacon (static frame content)

��

CW beacon (static frame content)
CW telemetry
AX.25 beacon, 1200Bd (Raised Cosine bit time shape) BPSK
AX.25 telemetry, 1200Bd (Raised Cosine bit time shape) BPSK
FM-->DSB transponder mode – This mode will be kept secret 
and released to the public only following a successful activation 
of the secondary transceiver for command uplink.

* Subject to IARU frequency coordination



Secondary transceiverSecondary transceiver

Secondary transceiver (Stripped down hand held  
Alinco DJ-C7 transceiver): 145.820*MHz, 300-500mW,  
in one of the following modes:

��

CW, 
AX.25 over AFSK at 1200BPS
TBD: Phase-III format telemetry  BPSK at 400bd (still 
under research).
TBD:  MSK at 1200bd

* Subject to IARU frequency coordination



Required testsRequired tests

Check antennas in “antennas farm”.  Compare dipole to mono-pole, and 
ability of 144MHz to receive 435MHz.  Check tx lobes.
DC voltage supply – check full range and gradual drop to zero
Average and peak power consumption (energy balance)
TX heat dissipation in vacuum condition and TX duty limitation – (thermal 

�	

TX heat dissipation in vacuum condition and TX duty limitation – (thermal 
paste used by Quake: GapPad 1500 from DigiKey)
Do vacuum test to ensure electrolytic capacitors (or other components) do 
not leak (indicated by weight loss)
Ambient temperature range in space vs. transceiver spec – test only the 
necessary parts in oven, also freeze with simple spray on table.  Avoid 
condensation during tests – there is none in space
Pack all modules together in a complete satellite model, ensure no cross 
EMC interferences, including payload, magnetourqers, etc
Test satellite model + ground station w ‘balloon model or from Azrieli’s roof
Test and practice operating the ground stations prior to launch!



StatusStatus

INSA is in good relations and trust with IARC & IARU.
We need to ensure that ALL  ITU, IARU, law requirements are 
met!!!!!
Frequency coordination process with IARU started!

�


Frequency coordination process with IARU started!
Main components purchased.  Tests started.
Components addressed with HSC students teams (AX.25, Link 
budget, transceiver control and modifications, BPSK modulation, 
PicoPacket programming, ground station software, etc.)
We will soon need to accelerate integration!
Ground station and radio club are negotiated with IARC and HSC



Open questionsOpen questions

Telemetry not phrased yet (for AX.25 and for CW 
beacon)
Satellite antennas

��

Need for reprogramming the Alinco transceiver in space
AX.25 fulfillment
Link budget
BPSK ability (very robust telemetry, will help in receiving 
the satellite in bad conditions
Half-duplex is enough for secondary transceiver? Full-
duplex=one more Alinco onboard



Backup – our rig @other satellitesBackup – our rig @other satellites

Alinco users
CO-55 Cute-1   
CO-56 Cute 1.7 + APD

��

CO-65 Cute-1.7 + APD II

Paccomm PicoPacket (flying?)
ION (Illinois Observing Nanosatellite) – crashed @launch
Merope (Montana)
and more



AOCSAOCS
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THCSTHCS
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AITAIT
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AIT defines the process of S/C 
Assembly, Integration and Testing 
(AIT) as well as the functional tests, 
monitoring during the environmental 

76

monitoring during the environmental 
tests and pre launch operation.



The AIT planThe AIT plan
AIT – Flow chart
Structure assembly and subsystems 
Installation.
Units Integration. 

��

Units Integration. 
S/C level Testing:
� S/C Level Operations tests.
� S/C Environment Campaign.
� Post Environmental tests.



AIT Flowchart (1)AIT Flowchart (1)
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AIT Flowchart (2)AIT Flowchart (2)
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AssemblyAssembly
The Proto Flight Model (PFM) Assembly is composed of the following 
steps:

Structure assembly
Harness installation
Installing Units on the BUS

�


Installing Units on the BUS
Harness interconnection
S/A installation.



AssemblyAssembly
EM Unites installation:

Battery - ??

��



Units Integration (1)Units Integration (1)

The integration of every unit will be performed according to an integration 
procedure.

Every task on the S/C shall be logged in a log book.

��

The telemetry and commands are recorded by GSI and TTC for analysis.

All fails will be logged and be reviewed at FRB (Failure Review board)



Unit Integration(2)Unit Integration(2)
GSI-Generic XXX 

Interface
TTC-Telemetry& 

Telecommand Control

The TTC logs all 

83

The TTC logs all 
Telemetry and 
commands sent and 
received from the S/C.



Unit Integration(3)Unit Integration(3)
The AIT plan specifies for each Integration process:

What tools are needed for this process including 

safety tools (if needed)

��

What is the setup needed for the test

What are the test objectives and description



Unit Integration(4)Unit Integration(4)
Electric Integration

Functional tests

End 2 End Tests

��

Environment testing

Launch Campaign (IOT)



System Tests Objectives:

Check and verify the performance of each unit.

System TESTS (1)System TESTS (1)

��

Verify that the system implementation is compatible with 
the requirements (IFT).



System TESTS (2)System TESTS (2)
S/C Tests before Environmental test

Full Functional Test 
S band test
IFT

��

EMC Electromagnetic Compatibility
� Bonding Test
� Self Compatibility
� Radiation emission test

SA Deployment
Balancing & Mass properties initial test



System TESTS (3)System TESTS (3)
ENVIRONMENT Tests

Dynamic tests. (TBD – according to 
launcher)

� Sin vibration test

��

� Acoustic test
� Shock test

Thermal Balance tests.
Thermal Vacuum tests.



System TESTS (4)System TESTS (4)
S/C Tests After Environmental test

Full functional test
Antenna S NFT
SA Deployment

�	

Mass properties final test
Balancing final tests
Envelop test



Pre launch operationsPre launch operations

S/C Deployment to Launch site

S/C Packing

Launch site preparation

	


Launch site preparation

None



SDBSDB
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Inklajn SDBInklajn SDB
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Inklajn SDBInklajn SDB
SDB Telemetry
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Inklajn SDBInklajn SDB

TLM Status

Application of SDB TLM ver.1.3 is ready to create TLM dictionary

http://mthsdb/Inklajn/Main/HomePage.htm

	�

There is enough documentation to start to fill Telemetry parameters of the next 

Sub Systems:

� GPS

� Atomic Clock

� EPS

CMD Status

Application of SDB Commands has not been ready yet 

We are not ready to start create CMD dictionary due to it’s definition in flight 

software



LaunchLaunch
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