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Abstract

[ITM student Satellite is a distributed structure of Microntrollers. The Command
and Data Management functions of IITMSAT is performed by CBBUbsystem which
is also called On Board Computer. A topology connecting attisytems has chosen and
implemented such that inter subsystem communications @mdary storage is done in an
efficient way.

For the design of CDMS block, bus protocols , microcontrofxternal memory and
other hard ware components were chosen. Other subsystethextrnal memory has
been interfaced with CDMS. For the reliability improvemeiithe inter communication
bus, protection circuits has been implemented and testealyais of back up functionality
that can be provided by the CDMS block is also an objectivetitha been achieved in this

project.



Contents

1

INTRODUCTION 1

1.1 1ITM Student Satellite Mission . . . . . . ... . ... ... ... ... 1

1.2 [ITMSAT Architecture . . . . . . . . . . . 2

1.3 Problem Statement . . . . . ... ... 2

1.4 DocumentOutline. . . . . .. .. ... ... ... 3

ITMSAT BUS ARCHITECTURE 5

2.1 BustopologiesConsidered . . .. .. .. ... .. ... .. .. .. ... 6
211 Topologyl . . . . . . . 6
2.1.2 Topology2 . . .. . . . . .. 7
2.1.3 Topology3 . . . . . . . . 8
214 Topology4 . . . . . . . 9
2.1.5 Topology5 . . .. .. . ... 10

2.2 MainBusSelection . . . . ... ... 10
221 SPI .. 11
222 CAN . . 11
223 12C . . e 12

2.3 Choice Of Micro ControllerforOBC . . . . . . ... .. ... ... .. 12
2.3.1 ARMMicrocontroller . . . . ... ... ... 13
2.3.2 ATMEL AvrMicrocontrollers . . . . . ... ... ... ... ... 13
2.3.3 MSP430microcontrollers . . . . . ... ... ... 13



24 Back GroundonMSP430 . . . . . . . ... 14
3 12C PROTOCOL 16

3.1 12CPROTOCOL . . . . . . e 17
3.1.1 SCLANDSDALINES . ... ... ... ... .. . ....... 17
3.1.2 DATAVALIDITY . . . . . e 17
3.1.3 STARTAND STOPCONDITION . . . . .. .. ... ... .... 17
3.1.4 DATAFORMAT . . . . . . 19
3.1.5 SLAVEADDRESSING . .. ... ... ... ... .. .. .... 19

3.2
3.3

3.1.6 ACKNOWLEDGE (ACK) AND NOT ACKNOWLEDGE (NACK) 19

[2CHARDWARE . . . . . . . e 20
[2C COMMUNICATION PERIPHERALS OF MSP430 . . . ... .. .. 22
3.3.1 Universal Serial Interface (USI) . . .. .. ... ........ 22

3.3.2 Universal Serial Communication Interface(USCI) . .. ... . . .. 22

3.3.3 Universal Synchronous/Asynchronous ReceiverSimaiter (US-

ART) o oo 23
3.4 12CEXPERIMENTS . . . . . . . . . 23
3.4.1 InterruptsIinMaster. . . . . .. . . ... 23
3.4.2 InterruptsinSlave . .. .. ... ... ... o 24
3.4.3 Singleslaveoperation . ... .. ... ... ... ... ..., 24
3.4.4 Multislaveoperation . . . . .. .. ... ... 25
3.5 SCLrisetimeand Buscapacitance . . . . . . . ... ... ... . ... 25
4 SD CARD INTERFACE WITH MSP430 28
4.1 SDecard . .. ... 28
4.2 SPIProtocol . . . . . . . . 30
4.3 Micro-SD card SPlinterface . . . . . ... ... .. ... ... ... .. 32
4.4 FileSystem . . . . . .. 32
4.4.1  Petitfilesystem . . . ... ... . .. ... .. 33



4.4.2 ExperimentalSetup. . . .. .. .. . ... ..o 34

4.5 Micro SD interfaceinRawformat . . . . ... ... ... ... ..... 36
451 BlockRead . .. ... ... .. . .. ... 36
452 BlockWrite . . . . . . ... 36
453 DMAfordatatransfer . . .. ... ... ... ... . ....... 37

4.6 Memorysharing . . . . . . . . . 38

I12C BUS NODE ARCHITECTURE 40

5.1 12CProtectionCircuit. . . . . . . . . . . .. 41
5.1.1 ProtectioncircuitTesting . . . . .. .. .. .. ... ....... 42

5.2 12Cinput/outputPort . . . . . . . . ... . 44

53 LocalEPSswitch . . . . . . ... . ... .. 45

BACKUP FUNCTIONS OF OBC 47

6.1 COMsubsystem . .. ... ... .. .. ... 48
6.1.1 FSKReceiver (ADF7020-1) . . . .. . .. . .. ... ... .... 48
6.1.2 GMSK base band modulator (CMX7164) . . .. .. .. ... ... 49
6.1.3 TestSetup. . . . . . . . . . e 49

6.2 Flow diagram for COM with CDMS function . . . . .. .. ... .. .. 50

6.3 Disadvantages in this topology approach . . . . . .. ... ... ... b2

6.4 Backupintermsof RxHardware . . .. . ... ... ... ........ 52

Conclusion And Future work 55

7.1 Conclusion . . . .. .. 55

7.2 FutureWork . . . . . . . 55

I2C communication Register Settings 56
A.0.1 Master code USCl registersettings. . . . . . .. .. ... ..... 56
A.0.2 Slave Code USCl register settings . . . . .. ... ... .. .. 57

SD CARD INTERFACE 58



C PCB DESIGN
C.1 Board1
C.2 Board?2

Vi



List of Tables

3.1
3.2

4.1
4.2

Rise time and currentdrawnon SCLpin . . . . ... .. .. ... ... 26
Rise time for differentslaves . . . . . ... .. ... ... ... . ... 26
Pin assignments of micro-SDcard . . . .. ... ... ... ... ... 29
Read profiling of Micro sd Card with SPIclock4mhz ... ...... 35

Vii



List of Figures

2.1
2.2
2.3
2.4
2.5

3.1
3.2
3.3
3.4
3.5
3.6
3.7

3.8

4.1
4.2
4.3
4.4
4.5
4.6

Topology 1 . . . . . . 6
Topology 2 . . . . . . e 7
Topology 3 . . . . . e 8
Topology 4 . . . . . e 9
Topology 5 . . . . . . e 10
I2C bus connectiondiagram . . . . . ... ... 16
Bittransferon12Cbus[2] . . . . . . .. .. ... .. .. .. .. ... .. 18
START and STOP condition[2] . . . . . . . . ... ... ... ...... 18
Datatransfer[2] . . . . . . . . . . ... 91
[2C addressing[2] . . . . . . . e 02
Electronic interface of the I2Cbus . . . . . . . ... ... ... .... 21
I2C communication observed on a Digital Oscilloscagewaveform is

clock bottomoneisdata . ... ... ... ... ... ... .. ... ... 24
Rise time of clock with 10 k pull up and one slave, obsexmed DSO . . . 26
Micro-SD card pindiagram . . . . . . . . ... L 28
SPI interface between masterandslave . . . . . ... ... ... ... 30
SPImultislaves . . . . . . . ... 31
SPI Multislaves indaisy chain . . . .. .. ... ............ 31
SPlinterface with MicroSDcard . . . . . . ... ... ... .. .... 32
Petit File system modular structure . . . . . .. ... .. .. ........ 33

viii



4.7
4.8

5.1
5.2
5.3
5.4
5.5
5.6
5.7

6.1
6.2
6.3

6.4
6.5

B.1
B.2
B.3

C.1
C.2
c4
C.3

Experimentalsetup . . . . . . . .. ... 4 3
Memory sharing betweentwo MSP430s . . . . . ... ... ... ... 39
Bus node architecture . . . . . ... ... Lo 40
I2C protector block diagram . . . . . . .. ... ... Lo 41
I2C protector implementation . . . . . .. . ... ... ... . 42
Test without protection circuit . . . . . . . .. .. .. ... .. ..., 43
Test 2with 12C protector . . . . . . . . . . . . . . 43
Capacitor charging in I2C protector . . . . . ... ... ... ..... 44
I2C i/o port typical connection with MSP430 . . . . .. ... ... .. 45
OBCasbackupforCOM . .. ... .. ... .. . . ... ... ..... 48
TestsetupforOBCasbackup ... ... ... ... ... ........ 9 4
Figure showing SPI communication at intervals of 6.25amd i2c com-
munication of 16 bytes in betweenit. . . . . . .. ... ... . L. 50
Suggested flow chartfor COM . . . . . .. ... ... ... ....... 15
Topology withback up RXADF . . . . . . ... ... ... ........ 53
Test Setup to measure Datarates . . . . .. ... ... ... .. .... 58
GPIO output forread at 8 MHZ SPIclock . . . .. ... ... ... ... 59
Write time GPIO output at SPI clock4Mhz . . . . . . ... ... ... 59
PCB schematicforboard1 . . . . . ... ... .. ... ... ...... 0 6
Board 2schematic. . . . . . . .. .. ... 61
Imageofboard2 . . .. ... ... ... 62
imageofBoardl . .. ... ... .. ... .. 62



ADCS
CAN
CDMS
COM
CS
DMA
DSO
EFSL
EPS
FAT
FSK
GMSK
GS
HEPD
HK
12C
ISI
MISO
MQOSI
OBC
RAM
SC
SCL
SD
SPI
USCI
uslI

ABBREVIATION

Attitude Determination and Control System
Controller Area Network

Controll and Data Management System
Communication System

Chip Select

Direct Memory Access

Digital Storage Oscilloscope
Embedded File Systems Library
Electrical Power Subsystem

File Allocation Table

Frequency Shift Keying

Gaussian Minimum Shift Keying
Ground Station

Fractional Frequency Reuse

House Keeping

Inter Integrated Bus

Inter Symbol Interference

Master In Slave Out

Master Out Slave In

On Board Computer

Random Access Memory

Science

Serial Clock Line

Secure Digital

Serial Peripheral Interface

Universal Serial Communication Interface

Universal Serial Interface



Chapter 1

INTRODUCTION

1.1 1ITM Student Satellite Mission

The ionosphere of earth is a shell of charged particles wtocitains energy particles such
as protons ,electrons,other charged molecules etc. h@steom 50 km from earth’s sur-
face to approximately 1000km. This shell of charge pari@ee responsible for several
earthly phenomena. So a detailed study about the changestinlg concentration can
help in earthquake predictions,weather predictions efc.aEcurate measurements, a sys-
tem which measures on going changes in space radiation theskoilt. For this purpose
a satellite which measures particle energy spectrum has it and launched into iono-
sphere.

The mission of the ITMSAT project is to launch a nano satelif size 30 x 30 x 30
cm3. It will have an on board High Energy Particle Detectad anll be launched in to
Low Earth Orbit of earth. HEPD will count the number of prodcand electrons in the
ionosphere and will calculate energy spectrum of parfit]jeSatellite will have two types
of data. Science Data which is the data regarding energytrsppecalculated over wide
range of positions of ITMSAT. The other data is House Kegpilata which comprises
of details about health of the satellite measured throuffardint sensors. When satellite

establishes a link with GS , it sends both SC and HK data torgtou



1.2 NITMSAT Architecture

[ITMSAT is a distributed system with five subsystem. Eachsygbem will have their own

micro controller to perform functions assigned to them.
+ CDMS/OBC

It responsible for collecting all HK data from various sus&ms and storing it in on board
memory. Depending upon commands from GS it performs modsitrans of satellite by

iIssuing commands to various subsystems.
* HEPD

HEPD will collect all SC data and store in the on board memaory.
« COM

COM subsystem performs up link and down link data trandtesstesponsible for recep-

tion of commands from GS and their decoding. It sends SC and&tKto GS.
* ADCS

Attitude control of satellite is done by this Subsystem. iMicontroller of this subsystem
will collect data from different sensors and actuators andgss them for accurate attitude

control of satellite.
« EPS

Power generation and distribution to other subsystems argyed by EPS. It also runs the

software for beacon transmit or .

1.3 Problem Statement

The goal of the project is to design and develop CDMS subsy$be ITMSAT, which

includes the following objectives



« Development of an efficient topology connecting all sulieys such that data trans-

fer and memory management is done in an efficient manner.

» Selection of hardware components for CDMS subsystem ,asichicro controllers

,memory device etc..

» Communication with other subsystem micro controllersitede implemented such
that CDMS can collect HK data and can issue commands to thesaitable multi-

point bus protocol need to be chosen and implemented.

« Interfacing of memory device with CDMS micro controlleuitble drivers need to

be developed.

» Development of Hardware structures to protect the Bus fsomgle node failures,

and their testing.

* The entire CDMS structure need to be implemented and tested”CB .

1.4 Document Outline

The document outline is given below
e Chapter 2:

Discusses about various topology considered ,selectidiusfprotocol and selection of

suitable micro controller for CDMS structure.
e Chapter 3:

Describes about implementation and testing of bus protdooden for CDMS to commu-

nicate with other subsystems.
» Chapter 4:

provides detail description of external memory interfacd és driver development.



e Chapter 5:

goes through implementation and testing of protectiorudisc

e Chapter 6:

Talks about implementing some extra functions to CDMS s$tmgcsuch that it can act as

back up for other subsystem.

e Chapter 7:

Conclusion and future work.



Chapter 2

IITMSAT BUS ARCHITECTURE

Payload will continuously collect data in every 3.6 us. Tlaeg then converted in to a
frame called fine frame. This is called Science Data (SC)adttio be stored in a Memory
card. Health data from various subsystems need to be cadl@ttregular interval which is
called House Keeping (HK) data. CDMS is collecting HK datd atoring it in Memory
Card. When Satellite is over Ground Station (GS) this staol&td is transferred to COM
and From COM it will be transmitted to GS. During the mode wltiie satellite is sending
data to the Ground station, the data rate is limited by thaa#pof the COM subsystem,
which is about 19.2[kbps].

A suitable bus topology need to be implemented ,so that anesfiway of data storage
in memory card and transfer of data to COM subsystem is pea\Vidarious bus topologies

were considered.



2.1 Bus topologies Considered

2.1.1 Topology 1

External Frams

EPS COM ADCS

Figure 2.1: Topology 1

Memory card is connected to the OBC and payload sends SC datander communica-
tion bus to OBC. HEPD is connected to external FRAMS. FRAMsexternal memories
that have very high access times, comparable to that of RAMsy are non-volatile. The

two memory architecture helps to read from one FRAM whileHE#D writes to the other

FRAM.

Advantage

* Main memory, SD card is accessed by only one Micro controlle

Disadvantages

» Main bus will be always busy as OBC will be collecting SC datem PAYLOAD

» Time for PAYLOAD to perform other actions such as histograreation will be

limited by size of FRAM



« During transmission of data to Ground Station (GS) Memandawill be accessed

by OBC. Some arrangements will be needed for storing of S@ itato SD card

during that period.

2.1.2 Topology 2

External Frams

Dedicated
Science Bus
HEPD

12C

EPS COM ADCS

Figure 2.2: Topology 2

In this topology there is a dedicated connection between @D and OBC. So SC data

can be send over this. In this topology Main Bus will be freeH#& data.

Disadvantage
» Dedicated connection need to be a high speed connectitvasalt science data will

be written to SD card. This will result in higher power congation.



2.1.3 Topology 3

External Frams

OBC —————ppmux

12C

EPS COM ADCS

Figure 2.3: Topology 3

In topology 3, memory card is shared between payload and AQB€re is mux which

controls the interface with Memory card and the two subsystéOBC sends control signal
to mux to decide which subsystem will do data transfer betweemory card at particular
time. There are Micro controllers with large internal merasiso external FRAMs can be

avoided if possible for PAY LOAD .

Disadvantage

* In this topology data to COM is transferred through main s speed of data

transfer will depend on MAIN bus speed which is going to batregly slow.



2.1.4 Topology 4

Y
=
c
<

OBC HEPD

EPS COoM ADCS

Figure 2.4: Topology 4

In this Topology Memory card is shared between OBC , PAYLOAId £&0M. OBC will
write HK data to SD card . When satellite is over GS, COMM witlettly take data from

memory card.

Disadvantage

» Sharing of Memory card between 3 micro controllers is a demjpssue. Micro

controller’'s access to SD card need to be managed well.



2.1.5 Topology 5

OBC MUX HEPD

EPS COoM ADCS

Figure 2.5: Topology 5

In this topology OBC does not have direct connection betweemory card. HK data will
be send to COM which will store it in Memory card. In this topgy COM is the only
subsystem which reads from memory card .Once functioasldaf COM and PAYLOAD
are fixed it is possible to merge OBC with COM so that number @ioncontrollers can
be reduced.

Before selecting a topology actual data rates needed to bsured such as memory
read / write speeds of three sub systems.Main bus trangéerwhat kind of science bus

can be used whether it is feasible to implement etc.

2.2 Main Bus Selection

[ITM student satellite is a distributed system with eachsyigbemn having their own micro
controller . In order to transmit data between them a busseede implemented between
them. The main bus will provide communication between thHesgstems. OBC has to
collect health data from each subsystem through this busi tAe protocol for the bus

need to be multipoint as it is connected to five subsystems.

10



There are two methods of data transfer parallel and serigpakallel communication
suffers from Inter Symbol Interference (ISI) and high bugamatance due to high number
of wires , serial communication was chosen.

for the selection of bus protocol different criterion’s weanalyzed.Reliability ,immu-
nity towards radiation, data rates,power consumption psrtgo multipoint communica-

tion support to all the micro controllers used in IITM stutieatellite were considered.

221 SPI

SPlinterface is four wire serial interface used by many smaamtroller peripherals. The SPI
bus, which operates at full duplex (means, signals carrgtatg can go in both directions
simultaneously), is a synchronous type data link setup wikhtaster / Slave interface. It
can support up to 1 mega baud or 10Mbps of speed. Both sing&temand multi-master
protocols are possible in SPI. But the multi-master busrislyaised .

Disadvantages

 Reliability is less compared to other two.

« Not commonly used in space for multipoint communication.

2.2.2 CAN

The Controller Area Network (CAN) is a two wire differentiptotocol.It is commonly
used for communication between micro controller and otleeipperals within a vehicle.
CAN bus can support up to 1mbits/s of data rate and wire lexrigds than 40 meters.

Disadvantage

* MSP430 a low power micro controller which is used for somdhef subsystem

cannot support CAN protocol
» Higher power consumption compared to 12¢

11



223 I12C

12C is a two wire interface used for low speed peripherazighalf duplex as it uses only

two wires serial clock line (SCL) and serial data line(SDA)supports single master and

multi-master protocols. In multislave operation eacheliawgiven its own unique address.
Considering all the facts it was found that i2c communicai® the best choice for

main bus protocol.

2.3 Choice Of Micro Controller for OBC

A suitable micro controller need to be chosen for perform@igMS functions. Several
Micro controllers were considered. Selection is done baseseveral criteria. These are

the following requirements need to be satisfied by the OBGCargontroller.
» Power consumption

As satellite has a few watts of power available for varioussygtems it is important that
the micro controllers should be low in power consumptioncértain modes of operation,

OBC will be put in sleep mode. So stand by power consumptionlshalso be low.
» Computational performance

Micro controll should have enough resources to performuadtfions to be performed by

OBC.
* |/O interfaces

Communication with other sub systems is very important trairs for OBC. There should
be communication modules for storage of data to memory deWticro controller should

have in good built peripherals for handling all communicatielated tasks.

12



* Temperature Range

The temperature will vary significantly depending on thealtan of the satellite. The
temperature range has been set to 0°C to 40°C for normaltaperBut in special case the
temperature might exceed this range in both directions. &wdwontroller should have

good temperature tolerance.
» Already used in space

It desirable to select a micro controller which has workeprevious space applications.

Following Micro controllers were considered for OBC sulieys.

2.3.1 ARM Micro controller

ARM micro controllers has good in built support for compledaulations. It is suitable
for applications which needs lot of computational work sltised in space applications by
other universities. But the power consumption of ARM whenhipstand by mode is high.
As OBC need not want to perform any complex calculations aitidoe in stand by mode

most of the time ARM processor will not be suitable for OBC.

2.3.2 ATMEL Avr Micro controllers

Atmel AVr micro controllers have good i/o support.They aged power consuming com-
pared to ARM micro controller. But these micro controllers aot usually used in space

applications as they are not resistant to radiation effects

2.3.3 MSP430 micro controllers

MSP430 is low power consuming micro controller. In stand bydm it consumes few
pwatts of power. It has several i/o peripherals which suppa@t®us types of communi-
cation protocols. It is used in space applications by séwe¢hnar universities. Compared to
other micro controllers it offers high radiation resistan&rom initial analysis it is found

that MSP430 offers best performance for our application.

13



2.4 Back Ground on MSP430

MSP430 is used in low power embedded applications. In slesgerit draws current less
than 1uA. It has six different low power modes. It can disable cloaksl CPU when they
are not used. Its wake up time is less thapslwhich also helps in reduction of power
consumption. Maximum CPU clock frequency supported by M&P$ 25 MHz. The

device has several configurations and comes with severighgeals[5].

General Purpose 1/0

As is standard on micro controllers, most pins connect to eerspecialized peripheral, but
if that peripheral is not needed, the pin may be used for gémperpose 1/0O. The pins are
divided in to groups of eight and each of it is called a porteyrban be controlled through

8 bit registers.

Timers

» Basic timer (BT)
The BT has two independent 8-bit timers that can be cascaderdh a 16-bit timer/counter.
Timers can be accessed for read and write through softwdreaB also support RTC. An

internal calendar compensates for months with less tharna84 dnd includes leap-year

correction.
* Real-Time Clock

RTC_A/B are 32-bit hardware counter modules that providelctounters with a calendar,
a flexible programmable alarm, and calibration. RTC has & bagower system which

enables it to work even if main supply fails.
* 16-bit timers

Timer_A, Timer_B and Timer_D are asynchronous 16-bit te‘@unters with up to seven

capture/compare registers and various operating modesstifiers support multiple cap-

14



ture/compares, PWM outputs, and interval timing. They &lgee extensive interrupt ca-

pabilities.
» Watchdog (WDT+)

The WDT+ can be used for controlled system restart in casgstés software failures. If
the selected time interval expires, a system reset is gemkrin order to avoid unwanted
system rebooting, software should reset watch dog timerbefs time interval expires.

WDT+ also can be used as normal timers.

Communication Peripherals

Different families of MSP430 offers various peripheralsisas USI,USCI,USART, USB
etc. This peripherals can support communication protosoth as SPI ,12C, UART etc.
A single peripheral will have different channels and it cap®ort more than one type of
communication. Some of these modules are extremely usafaur application such as

USCIB. It is described in detail in next chapter.

Direct Memory Access (DMA) Controller

The DMA controller transfers data from one address to amaheoss the entire address
range without CPU intervention. The DMA increases the tghgut of peripheral modules
and reduces system power consumption. This module hasatiffehannels. DMA will be

use full for transfer of data between Memory devices and QB@Qur application.

SUMMARY

This chapter discusses about different bus topologiesideresi and selection of micro
controller for OBC. After gaining proper knowledge aboutadeates and other hard ware
implementation limitations, one of the topology need to besen. Depending upon topol-

ogy a MSP430 micro controller will be chosen for OBC.

15



Chapter 3

12C PROTOCOL

I2C bus was introduced by Philips semiconductors . It uséstam wires

» SCL (Serial Clock Line)

» SDA (Serial Data Line)

Transfer occur between master and slave.Each slave wil iaijue address.Usually ad-

dress will be 7 bits long. Master starts data transmissi@h@ovides clock . Master

addresses slaves, manages data transfer and terminates it.

VvCC

Rp % MASTER slave B

slave C

SCl

SDA

slave A

Figure 3.1: 12C bus connection diagram

Figure shows single master multislave arrangement. 12@@tp multimaster also. In

multimaster mode collision detection and arbitration &exé¢ to prevent data corruption if

16




two masters try to transfer data at same time.

Data rates of i2c can be

up to 100 kbits/s in standard mode

up to 400 kbits/s in fast mode

e up to 1 mbits/s in fast plus mode

up to 3.4 mbits/s high speed mode

MSP430 can only support first two modes.Since transmissiterto ground station is going
to be at 19.2 kbits/s ,low data rates such as 100 kbits/s far mes of ITMSAT is found

acceptable in the first analysis.

3.1 12C PROTOCOL

3.1.1 SCL AND SDA LINES

Due to the variety of different technology devices (CMOS, Q5] bipolar) that can be
connected to the 12C-bus, the levels of the logical ‘0’ (LO&wd ‘1’ (HIGH) are not fixed
and depend on the associated level of VDD. Input refereneddeare set as 30 % and 70

% of VDD; VIL is 0.3VDD and VIH is 0.7VDD[2].

3.1.2 DATA VALIDITY

For each bit transfered there will be one clock generatechbyntaster.Data line should
remeain at high or low when clock signal is high.Data can geats state from 'HIGH to

LOW’ or 'LOW to HIGH’ only when clock line is low.

3.1.3 START AND STOP CONDITION

Master initiates communication by giving out a start colditCommunication is termi-

nated when master gives a stop condition. A HIGH to LOW tri@msion the SDA line

17



SDA / X \
scL N\

data line change
stable; of data
data valid allowed

Figure 3.2: Bit transfer on 12C bus[2]

while SCL is HIGH defines a START condition. A LOW to HIGH tratisn on the SDA
line while SCL is HIGH defines a STOP condition.

SDA __Air:\__i / _:: \ e
w TN/

| | P

[ —— A —

START condition STOP condition

Figure 3.3: START and STOP condition[2]

BUS will be busy after START condition. It will become freerse time after STOP
condition. BUS will be busy if a repeated start conditionwes.Slaves connected to bus
need to detect START and STOP condition. Some slave devitidsawe integrated hard-
ware to detect START and STOP conditions. In other devicéls mo such interface have

to sample the SDA line at least twice per clock period to sémséransition.
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3.1.4 DATA FORMAT

Data is placed in data line in the form of 8 bits bytes.For dazitblock is provided on SCL
line.There should be acknowledge after each byte trarsfarhe number of bytes that can
be transferred between START and STOP condition is uncéstriData is transferred with
the Most Significant Bit (MSB) first . If a slave has to do somé&ats such as interrupt
routine in between two byte data transfer ,it can hold thelclme low. Then Master goes
in to wait state. Data transfer then continues when the staveady for another byte of

data and releases clock line SCL.

r—— I
—Nm X\ /OO I X
|
| | acknowledgement acknowledgement | Sr|
| signal from slave signal from receiver | |
sk sorsr] AVANRVAVAVANVAVAVETAVA lsrorp |
L——J ACK ACK L——J
START or STOP or
repeated START byte complete, clock line held LOW repeated START

condition interrupt within slave while inferrupts are serviced condition

Figure 3.4: Data transfer[2]

3.1.5 SLAVE ADDRESSING

After START condition master gives slave address on dat Wwhich is 7bits long and
one bit (R/W) which determines direction of data transfd®/\W bit is zero it indicates
master will transmit data(WRITE) . If the R/W bit is one masiéll receive data(READ)
from slave . A data transfer is always terminated by a STORIition (P) generated by
the master. However, if a master still wishes to communioatéhe bus, it can generate a
repeated START condition (Sr) and address another slabmutifirst generating a STOP

condition.

3.1.6 ACKNOWLEDGE (ACK) AND NOT ACKNOWLEDGE (NACK)

After each byte transfer there will be Acknowledge in I2c coumication. After each

data transmission ,receiver should give ACK indicatingadads been received success-
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START ADDRESS RIW ACK DATA ACK DATA ACK STOP
condition condition

Figure 3.5: 12C addressing[2]

fully. Transmitter releases SDA line during ACK clock puls€hen if data was received
success fully receiver will keep SDA line low for the high joer of clock.

There are five conditions which result in NACK condition

No slave is there in the bus with address given by master.

» As receiver is performing some actions it is unable to reslpm transmission call

given by MASTER.

During the transfer, the receiver gets data or commandsttth@es not understand.

During the transfer, the receiver cannot receive any mata blytes.

A master-receiver must signal the end of the transfer tsldne transmitter.

3.2 12C HARDWARE

Hardware diagram of 12C master and slaves is shown in fig@re B 12C active devices
pull down the lines instead of pulling up. If active devicesrevpulling up lines,then when
two devices try to drive the bus to two different values, éhwerll be problems. If none of
the devices are active, pull up resistance Rp keep lines &.\Ge devices therefore need
to have open drain output. There will be only one n-chanrmeidistor in between ground

and output.
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vCC

in in ) in_ <
scL j scL j SCL
out : out :
SIMPLE SLAVE

MASTER SLAVE

Figure 3.6: Electronic interface of the 12C bus

The pull-up resistor Rp holds the line at VCC when there is ctividy, so both the
clock and data idle high. When a single device is on, NMOS af tievice is turned on
which pulls the line to VSS. Current flows to ground througé plull-up resistor . Nothing
changes if a second n-MOSFET on the same line on a differemntalis turned on because
it has the same effect as the first one. There are no shoritsitmeiween VCC and VSS
because there are no transistors connected between thesoartl VCC.

Contention arises if one device tries to write a 1 to the bussagecond writes a 0. The
second device “wins” because its output actively pulls ihe down, while the device with
an output of 1 does nothing itself, but relies on the pull-egistor to provide the voltage.
The value of 1 is therefore called recessive while 0 is dontin&he arrangement is also
called wired and because the value on a line is 1 only if alldénéces write a 1 to it. The
line is pulled down to O if one or more devices writes a 0.

A device that writes to the bus when there is any possibifigomtention must monitor
the value on the bus. It has lost control and must relinquistous if it detects any differ-
ence between the value on the bus and the value that it wilités.happens only if more
than one master attempts to start a transfer at the same tichtha procedure is called
arbitration. It ensures that only one master is left in calntr

Due to wired AND behavior of the i2c bus it avoids contention thhere are two disad-
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vantages.One is wastage of current through pull up resistdrence it needs to be as large
as possible. Secondly speed of the bus depends on resistneerp. Every output and
input on the bus will introduce capacitance on the bus ,théfde capacitance between
two wires also. When line goes to high ,current flows throughdcharge bus capacitance
Cb to VCC. Then the wave form will be an exponential curve wile time~RpCb.

In standard mode clock frequency maximum is 100khz. So tieveg is 1Qus . For
a rise time of us and bus capacitance of 100pf, pull up resistance Rp < (nse){{Cb) =
10k. Often the capacitance is higher and typical values oafepl—10 k.When Rp is 1k
current drawn is 3mA for a VCC of 3v, which is close to the limitMSP430. So when
Rp decreases rise time improves but current drawn incrgasesuch faster to pull the
bus down to VSS because the resistance of the n-MOSFET wigetuined on is usually

much smaller than Rp.

3.3 12C COMMUNICATION PERIPHERALS OF MSP430

Three different types of communication peripherals arereff by different families of

MSP430.

3.3.1 Universal Serial Interface (USI)

USI is a light weight module included in smaller devices sashiMSP430G2231 which
comes with launchpad kit provided by Ti. It includes a clodagrator ,shift register,bit
counter and some other hardware to support i2c communicade it does not have good
inbuilt hardware support for 12C, it needs good softwarepsup So i2¢c using USI will be

complicated and code size also will be high .

3.3.2 Universal Serial Communication Interface(USCI)

Some of the large MSP430 micro controllers has one or morel dg@dule, for example

MSP430G2553 which is supported by launchpad kit of Ti had4®€l module.lt has good
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inbuilt hardware support for 12C.Software only needs todiamnterrupts and data.So the
code size foe 12C communication will be less compared to B8th USCI contains two

channels, A and B. These are largely independent but shaw eefjisters and interrupt
vectors:USCI B is the synchronous channel which supportit2@ntains a full state ma-

chine to run 12C communications in compliance with the sfieation from NXP (formerly

Philips). This includes multiple masters and clock streigh

3.3.3 Universal Synchronous/Asynchronous Receiver/Tramitter (US-

ART)

The universal synchronous/asynchronous receiver/triiesif SART) is an older module,
which has been superseded by the USCI. In most cases it powidly asynchronous

communication and SPI but it also handles I2C in a few devices

3.4 12C EXPERIMENTS

First Implementation of I2C was done using USI module of M8R40ne MSP43092231
was used as master and another micro controller of the sgra@gyslave. Later these micro
controllers were replaced by MSP430g2553 which has USCluteaahd it has more 12C
support hardware compared to USI module.

For the first experiment with USCI two launchpad kits with MISBG2553 were used
.One Launchpad was made to act as 12C master and the oth@vas Bull up resistance

used was 10k.

3.4.1 Interrupts In Master

For read from slave receive interrupt bit UCRXIE is set in IR@errupt enable regis-
ter UCBOIE . Similarly for write to slave UCTXIE bit should beet in UCBOIE. UC-
NACKIE bit also can be set for not acknowledge interrupt. Wéhesr master receives data

in UCBORXBUF a flag is set and interrupt routine for recievéada executed .
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3.4.2 Interrupts in Slave

UCSTTIE bit and UCSSTPIE are set in 12C interrupt enablestegifor start and stop
condition interrupts.Whenever master gives a start cangiUCSTTIFG flag is set. An

interrupt routine is executed inside which slave sends tatsaster.

3.4.3 Single slave operation

A msp430g2553 which is acting as master, was made to recaiadrdm another msp430g2553
slave.Using rand() function random numbers were generatsldve and will send that to
master. In code composer studio, code was executed stepepyastd receive register
UCBORXBUF was observed on each reception of bytes. To véndycorrectness of data
transfer without step by step execution, check sum was ledémion both master and slave
,after all data is send slave will send this check sum to maktaster compares this with
check sum on it’s side ,if both are equal an led is turned on.

In another experiment an array of data was stored inside sl@his stored array of
bytes is then send to Master. Master will store this data infeebinside it. After executing
the code this contents of this buffer was observed in codepoger studio. In this way

number of errors in received bytes can be counted.

STOF I L CHz F
; . - . . =1 s
. EHu=

el

]

|||||||||||||||||||||||||||||

Rizef 13=3.3ALs : : : : :
CH1=: 1.@8U7  CHZ=  1.@80/ 28 . Baus S .BEMSa /=

Figure 3.7: 12C communication observed on a Digital Ossilmpe,top waveform is clock
bottom one is data
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The transmission of data from master was also done in the saypeCorrectness of
data transfer was verified using check sum. Different wirggyles ranging from 10cm to
30 cm were used for communication ,in all cases error ratessf than .01% was found .

Total time taken for transfer of 16 bytes at 100khz was 1.53 Before beginning the
transfer 8 bit address is also send. For every byte traesfehere is a overhead of one
acknowledge bit .So total time for completion of on trangiEx humber of bytes at 12C

clock frequencydi= (12

3.4.4 Multislave operation

In multislave operation two slaves which are msp430g2553csanected to 12C bus. Both
were given different address. Master Addresses slavestangrae ,does communication
with it. Once one communication is finished Master addregseanother one. Each slave
adds capacitance to the bus,so as number slaves are irttctigaisg issues will occur.Pull

up resistor is needed to be decreased if more number of si@eekto be added to the bus.

3.5 SCL rise time and Bus capacitance

As explained in 3.2 on page 20 with pull up resistance Rp asahpacitance Cb, rise time
of SCL changes.Experiments were done with different vati&p with single msp430g2553
master and slave. For this experiment frequency of clocksgaat 100khz as this is going

to be the data rate for satellite main bus.
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Figure 3.8: Rise time of clock with 10 k pull up and one slavgsarved on a DSO

With the same slave Rp pull up resistance was varied andmgatas measured using
Digital Oscilloscope. Current drawn on SCL line was also suead using Digital Multi-

meter.

| Pullup Resistance :Rp 10k | 6.2k | 4.7k |

Rise time :tr 2.71us | 1.75us | 1.26us
Bus capacitance: Ch 271 pf | 280pf | 269pf
Current drawn :iclk | .32mA | .52mA | .702mA

Table 3.1: Rise time and current drawn on SCL pin

As shown above bus capacitance due to two MSP430’s and tapeeidue to wire is
found to be 270pf.
Then for a pull up resistance of 6.2k different number of etawere connected and the

rise time was observed.

| Numberofslaves 1 | 2 [ 3 |
| Risetime:tr | 1.75us| 2.0lus | 2.2Qus |

Table 3.2: Rise time for different slaves

From table 2 it is found that each MSP430 slave adds aboutacitapce of 20 pf to

the Bus.
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SUMMARY

This chapter deals with i2c communication with MSP430 mizoatrollers. Single slave
and multiple slave 12C communication was successfully dmieg MSP430 micro con-
trollers. USCI module of MSP430 was used for this purposenipaecause of reduction
in code size. No errors were found in any of the operation.aBetn of 12C bus for different
values of pull up resistance and different number of slav@®wnalyzed. Depending upon

number of nodes going to be connected in main bus pull uptaesis need to be chosen.
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Chapter 4

SD CARD INTERFACE WITH MSP430

The data from payload need to be stored in an external mentdoyse keeping data from
OBC is also stored in this same external memory. The exteneahory size should have
sufficient enough store all the on board data . So this memasyakosen to be SD card

because it offers storage capacity of Giga Bytes .

4.1 SD card

SD card is a non volatile kind of memory storage device. Theysmall in size and
relatively simple and less in power consumption. The SeBugéal card is available in 3
different form factors. The three form factors are the ovajjisize, mini size and micro size.

pin diagram of SD card is shown below.

pin 7

- ©|
q & =
| 2

Figure 4.1: Micro-SD card pin diagram
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Many SD card pins are used different way depending upon tbtogqol it uses for

interfacing. A table is given below detailing the pin assigants.

| pin | Name | Function(SD Mode) Function(SPI Mode}
1 | DAT3 /- Data line 3 Not used
2 | CDICS Card detect Chip select
3 | CMD/DI Command Line Data in
4 | VvDD Supply voltage Supply voltage
5 | CLK/SCLK | Clock Clock
6 | VSS Ground Ground
7 | DATO/DO Data line O Data Out
8 | DAT1/- Data Line 1 Not used

Table 4.1: Pin assignments of micro-SD card

There are two modes of interfacing for SD card SD mode and S¥fem

* SD mode

The SD 1-bit protocol is a synchronous serial protocol. #auhree lines .One data line
for data transfer in bulk.One clock line for synchronisatnd one command line over
which command frames are send. SD 1 bit protocol supportsiasng .SD 4 bit mode
is slightly different from SD 1 bit. In SD 4 bit mode it uses fowires for to transfer data
parallely. So the speed of data transfer it can achieve witjumdruple of SD 1 bit protocol.

For bulk data transfers a crc protection is required in SRqual.

* SPI mode

This mode is different from SD mode ,it works with the genesiel protocol which is
largely used by many micro controller peripherals. MSP486 supports SPI communica-
tion which has dedicated peripherals to implement SPI. Goagpto SD mode SPI speed

will be less .
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Interface with Micro- sd card was done using SPI as it is senpd implement com-

pared to SD mode and well supported by MSP430.

4.2 SPI Protocol

SPI interface was introduced by Motorola . It does not havedfigtandard ,it has
different variations. There should be at least two devic@sie will be master and the
other slave. Master provides clock .If there are more thanstewe devices , each slave is
selected through chip select CS. SPI is full duplex as it camsfer data in both directions
simultaneously between both devices. The two data lineMasger in slave out (MISO)
and Master out Slave in (MOSI).

Each device has one shift register. They are connectedhigeet form a loop. These
registers are usually 8 bit long. On positive edge of cloekhedevice output their msb bit
on the bus. On negative edge each device will read data omldustare it in the Isb of shift
register. So in eight clock cycles new data will be trangf@tetween devices. In order to

receive it is necessary to send something.

MOSI

msb Isb msb
7 4 7

Isb
0 (J

A
)
o

MISO

[ [T

AN

SCIK »
>

Ccs

MASTER SLAVE

Figure 4.2: SPI interface between master and slave

Multislaves are possible in SPI communication . There aervwethods to do that. In

first method as shown in the figure below ,Different chip sakeprovided for each slave.
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Figure 4.3: SPI multislaves

All the MOSI pins are connected together, as are the MISO. @8tgves must ignore
data on MOSI when their CS pin is idle, even if clock signahiere, and must leave their
MISO pins in a high-impedance state .

The next method is to connect them in a daisy chain. In thiswateMISO pin of a
slave is connected to MOSI pin of another slave.MOSI of thal falave is connected to
MISO of master.Effectively all the shift registers insitie tdevice forms a loop. So Master

shift register should contain total number of bits in shéfgisters in all the slaves. But this

is usually done in software.

SCLK
MOSI

SCLK

Y VY

MOSI

MISO |<€— MISO

cs

»| cs

MASTER SLAVEL

Y

SCLK

MOSI

Y

MISO

cs

Y

SLAVE2

Figure 4.4: SPI Multislaves in daisy chain
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4.3 Micro-SD card SPI interface

SPl interface connections of Micro-SD card with MSP430 isvahbelow. MSP430G2553
was used which is supported by the launchpad kit. It has or@ d®dule ,which has two
channels USCIA and USCIB. Both can be used for spi commupitaBut USCIB was
used for I2C communication,USCIA module was used for menmaerface. A GPIO pin

of MSP430 was used as chip select pin. Supply voltage of Mé@avas given as 3.3 volts.

T, vee
RSV —1

Ccs CcS
DI MOSI

MSP430

VDD ——F

ST O — scik
(C N —
DO MISO

RSV —1

GND

Figure 4.5: SPI interface with MicroSD card

4.4 File System

General file system used in SD card is FAT file system. Therevagy open source

implementation of FAT file system.

« EFSL
* Net labs FAT32

* FATFS and Petite FATFS [4]

RAM memory of msp430g2553 is 256 bytes so it cannot suppolg gystem which con-

sumes lot of RAM space. So petit file system was chosen.
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4.4.1 Petitfile system

The features of Petit file system is given below

* Small RAM consumption.
* Supports FAT 32

* File write has some restrictions

Application

Petit FATfs

“ Low level disk i/o

Figure 4.6: Petit File system modular structure

Petit file system application interface provides followfngctionality to the user

Pf_mount :mount a volume in Micro-SD

pf_open :Open a File

pf_read :Read a File

pf_write : Write File

pf_Iseek : Move read/write Pointer
» pf_opendir :Open a Directory

» pf_readdir :Read a Directory Item
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Petit FatFs is completely separated from disk 1/O layer. daeas the disk it needs some
functions in the lower layer. Depending upon the devicefilmetions varies . This should

be provided by the user.Those functions are

* disk_initialize :Initialize disk drive
« disk_readp : Read partial sector

* disk_writep : Write partial sector

4.4.2 Experimental Setup

In order to connect Micro sd with launchpad a breakout boasd used. It can hold micro
sd and can provide pin connections for SPI interface. A uarhection with computer was
made through which commands were given to micro controllermite 2.6 was used as

hyper terminal. Baud rate was set at 9.6 kbps.

Spl MSP430 UART

Figure 4.7: Experimental setup

SD CARD

After power up Micro sd card need to be initialized. This ilwes issuing certain
commands to sd card which check for the voltage compatihiétsion etc of SD card.
Next step is initialization of file system. Pf-mount is cdll®r doing file system initialize.

For reading data from a file ,that file need to be opened firstofn function of petit
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file system will take care of this. When a file is opened datanat file is transferred to
micro controller through pf_read function. A buffer of aart length was set inside micro
controller. The received data is stored inside this buffer send to computer over uart for
display, in this way it is possible to verify whether dataddeom Micro-sd is correct or

not.

RESULTS

After successfully reading data from Micro-SD ,profilingrebd and write speed was done.
Time required for disk initialize and file system initialineas also measured. A DSO was
used for this purpose. Probes were connected to clock lidelata line of SPI interface.

Burst width was measured using DSO.

| File size(bytes) File open time(ms) File dump time(ms)

1 145.33 2.44
2 140.44 2.88
4 134.88 2.55
8 92.77 2.61
16 107.2 2.61
32 113.55 2.44
64 118.66 2.44
128 124 2.44
1KB 98.81 20.2
10KB 77.81 211.11
100KB 85.61 2001.12

Table 4.2: Read profiling of Micro sd Card with SPI clock 4 mhz

As shown in the table file open time was almost constant arklabout 100 ms. So
file read operation take s approximately 50 kbytes/s apprately. Disk initialize took 20
ms to complete. File system initialize took 39 ms. Write spakso was measured in the
same way as read and found to be approximately 35 kbytes /s.

To improve the transfer rates clock speed of SPI was incdgasgmhz. Same profiling

was done but it was found that read speed was improved to @ektsyonly. The idle time
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between each 8 bit transfer remains the same in both the castes6 Mhz clock Micro
SD stopped responding.

High overhead time of file open and low data rates showed thatriot feasible to
implement file system for our application. Same results vadr@ined for ARM board
interface with Micro sd which is used for PAYLOAD by ITMSAE&am. So it was decided

to remove file system and use SD card in its raw form.

4.5 Micro SD interface in Raw format

In raw format read and write is performed in blocks. Blockgtmis 512 bytes. Before
each action command is issued to SD card which specifiesnactibe performed by SD
card. If command was received successfully it returns art@seresponse. Then required

action can be performed.

45.1 Block Read

In Read Block function argument it specifies the location loick. Command number
needed to be send is 17. After this command is accepted a pesdtion is initialized. If
a valid data token is received by the micro controller ,thatadytes will be transferred to

micro controller. A two bytes of CRC data is also received hgrmcontroller.

45.2 Block Write

Write command is issued to SD card for the start of Block Wri@dmmand number is
24. If a valid token is received by the micro controller agpmsse from SD card ,it will
immediately start sending the data bytes. When a data paelsebeen sent, the card

responds a Data Response immediately following the dateepaéfter the data response
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a busy flag is set by the Micro sd card in order to do the prongssireceived data. During
this time chip select of SD card can be deasserted such tmat siave devices in the bus

can be enabled.

Results

After Reading data from Micro SD card it is stored in a buffieside micro controller.

The buffer size was set to be 512 bytes. Contends of thisbwHis observed after read
operation . No errors were found. To verify write operatitre written sector was read
back to microcontroller and viewed. Total time taken fordred512 bytes block, and write

of 512 bytes were measured.

* SPI clock 4mhz
Read time for 512 byte block - 2.42 ms

Write time for 512 byte block - 3.44 ms

» SPI clock 8 mhz
Read time for 512 byte block - 1.2ms

Write time for 512 byte block - 1.78ms

45.3 DMA for data transfer

In DMA operation data in one resource is transferred to aratsource without CPU in-
tervention. This can help reducing power consumption. C&tadso process any interrupt
unrelated to memory DMA is using ,during this time. MSP43882 does not have DMA.
MSP430F5436 has 3 DMA channels. With this micro controkerSD interface interface

DMA was utilized.
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For block read operation two DMA channels are required. Beike anything in re-
cieve buffer in msp430 it need to send something. So for onéAlMannel the source
address was given a variable which holds value OXFF,andnd¢isin address as spi trans-
mit buffer. And source and destination address remains $antiee whole transfer. Block
length was set to be 512 bytes. For the another channel saddress was SPI recieve
buffer of MSP430 and a destination address was given asastdréss of buffer in which
read data bytes are stored. Destination address will getrimented after each byte transfer.

For block write only one DMA channel was used. Source addeestart address of
buffer in which data to be transferred is stored. Destimaéiddress is spi transmit buffer.

Destination address is incremented after each byte tnansfe

4.6 Memory sharing

This SD card is shared between PAYLOAD micro controller a@MCmicro controller in
topology 5. Both Micro controllers are using SPI interfacedata transfer. If both micro
controllers try to access SD card at the same time it may causécts in the bus . It may
result in failure of SD card which is not desirable.

This SD card is shared between PAYLOAD micro controller a@Mmicro controller.
Both Micro controllers are using SPI interface for data $fan If both micro controllers
try to access SD card at the same time it may cause conflickeibus . It may result in
failure of SD card which is not desirable.

So some hardware arrangements were needed to make suretthatibro controllers
will not access memory card at the same time. When one miantralter is accessing
the memory card , in order to avoid conflicts other micro coligr SPI pins should be
put in tri state condition.3 State octal buffer 74hc541 wsedufor the purpose.It has input

capacitance of 3.5 pf and has a delay of 10 ns.
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Figure 4.8: Memory sharing between two MSP430s

As shown in figure, this arrangements was tested between t®B4d0s sharing a
common SD card. The 74hc541 is enabled if micro controllaneated to it want to access
SD card. The other buffer is disabled so that the other miendroller is disconnected from

SD card. In this way Memory sharing was success fully tested.

SUMMARY

This chapter discusses Micro SD interface with MSP430. #feand that using file system
data rates are not satisfactory for our application. WithcaR in raw format data rate of
up to 500 kbytes/s was achieved. DMA controller of MSP430 widied for Micro SD

interface as it helps in power reduction. Suitable Micro<&d need to be chosen which

is industrial grade, as normal SD cards may fail in space itiond.
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Chapter 5

12C BUS NODE ARCHITECTURE

All the health data communication is done through 12C busl @mtroll of subsystems
based on the commands from Ground station is also done throag bus. As explained
earlier main bus is using i2c protocol. Even though 12C pitesireliable way of communi-
cation, for space applications extra reliability need tatded. So extra Hardware is added
to main bus to make it more reliable[3].

Extra hardware should be implemented in such a way that éeey iof the connected

nodes failes total bus should not fail. It should be singlapilure free.

Power from EPS

ON/OFF

12 1/0 port » — ©

PCF8574 Local EPS:switch
fault protection

Fault Data

\\\\\\ Subsystem Microcontroller

SCL  SDA

Figure 5.1: Bus node architecture

As shown in figure for each sub system there is a local eps Iswikich is controlled

through an i/o port, and a protection circuit.
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5.1 12C Protection Circuit

For synchronisation , slaves such as micro controllerslieed to pull the clock line low
till some internal operations within slave are completechc®this line is released then
only master can control the clock line . In case of some epos@&vents occurring inside
slave which causes clock line to be pulled low , it can resuljlobal failure of the bus.
Protector circuit is implemented to prevent this kind oftgdbbus failures[3].

Protector circuit is basically a timer which monitors both/ASand SCL lines. If any
of the lines connected to any of the nodes stays low for a peeténed time it electrically

removes the subsystem which is causing problems, from bus .

Sub System MCU

Resetl
Timer

p— Reset2

Output

Local SCL
Local SPA

12C Repeater

Enable

SCL

SDA

A A

Figure 5.2: 12C protector block diagram

Timer is implemented through RC circuits. P82B96 chip whech dual bi directional
buffer . This adds a minimal loading to the Bus. So number oflesdhat can be connected

to the bus increases.
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Figure 5.3: 12C protector implementation

As shown in figure if any of the the line goes low the capacitom@l begin to charge
to Vcc through Rc since the transistor is turned off. If thétage across capacitor goes
above VIH of the NOR gate 74HCO02, its output will become zérbis is given as power
supply of buffer ic. Since Buffer's power supply is cut , ettgally the subsystem which
pulled downed the bus line is removed from master side of tise ®nce erroneous slave
device works again the bus lines on its side will go high arghcdors will get discharged
through the ON transistor. NOR gate output will go to logi@oiThis results in enabling

the buffer which in turn connects the sub system to main bus.

5.1.1 Protection circuit Testing

In order to understand the need of protection circuit ,Midires i2c communication was
done without protection circuit. Two MSP430 slaves werenamted to the bus. Another
MSP430 was made master. In one slave, inside the start camditerrupt a while loop
was inserted. If this slave is addressed by master , starrimt routine of this slave will

be executed. So it will pull down the clock line low,as it Wik inside while(1) loop.
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SCL

MASTER SLAVE B

SLAVE A

Figure 5.4: Test without protection circuit

Slave A and B were made to be addressed by the master at ragelaals of time.
Slave B will start executing infinite loop once addressedh®ymaster. After addressing
slave B, it was found that master was not able to address slav&o without protection
circuits single node failure can result in global hanginghaf bus.

In the next test After this protection circuit was implenmeghfor slave B. Timer inside

protection circuit was set at 1ms by setting proper valueméid Cc.

SCL

12C

rotector SLAVE B
MASTER soa [P

SLAVE A

Figure 5.5: Test 2 with 12C protector

When clock line was pulled down by slave B protection circainoved slave B from
Bus, so master was able to address slave A and data transmigss success full between

the two.
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In another test certain delay of period less than timer valuprotector,was set in
slaveB. This was to make sure that protector circuit doesauages any problems to normal
i2c communication. In this case it was observed that duheglelay period, capacitor Cc
begins to charge to Vcc,but as set delay is such a way thatediéfeaches VIH of nor gate
, clock line is released.Capacitor discharges to zero. Sdliffer will be on all the time,
communication was un interrupted and no erroneous behaasiobserved.

| . — 1 -
CMeEEEE— 1668 . Au=
cTCurB:= —& .88@us |

- 1 Akc: 1593 . Hus

STOF

o

||||||||||||||||||||||||||||||||||||||||||||||||

TH 1 e 1.2aus CHZ= Saamlls SE .a0u=s S Z .88MsSas=s

Figure 5.6: Capacitor charging in 12C protector

As shown in figure when clock line is pulled low during the deteeriod capacitor Cc

charges, but once clock line is released it is dischargedrm z

5.2 12C input/output Port

I2C i/o port is used to controll local EPS in each subsyste@FE8574 which is a common
I2C expander ,was chosen to serve this purpose. It has tdeess pins ,so total of eight

such devices can be connected to main bus.
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Figure 5.7: 12C i/o port typical connection with MSP430

PCF8574 has low stand by current consumption ofiAQand can work at 100khz 12C
clock frequency. The ports PO to P7 of PCF8574 can be direotijrolled by sending 12C
commands. In typical applications these pins can be coad¢cottemperature sensors,push
buttons,leds etc. There is an Interrupt line ~INT which carcbnnected to interrupt logic
of the micro controller. Whenever there is an incoming datany of the pins which are set
to be inputs, it interrupts the micro controller without imy communicate through 12C.
INT line goes low when there is an high to low or low to high s#ion in any of the
port pin. This goes to high again soon after this port is réadugh 12C by master micro
controller.

Fault data input from Local EPS is given to one of the input®6F8574. On/Off
control of local eps is given to another pin of PCF8574 whiehte be output. When
a fault data is given by the local EPS switch ,PCF8574 inpgsr® BC micro controller.
OBC will command PCF8574 to switch off local EPS switch tighu2C. So whichever

sub system drains more power than limits of EPS can be imnedgishut down.

5.3 Local EPS switch

Local eps switch present in each subsystem distribute pisar@rEPS to subsystem micro
controller and protection circuit of that micro controllérfault happens in that subsystem

Jlocal eps should report it to OBC micro controller. TP202xnily power distribution
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switches from Ti were chosen for this purpose. These dewaieebl-channel mosfet power
switches.

When the output load exceeds the current-limit threshold short is present in con-
nected subsystem, the TPS202x limits the output currensstfalevel by switching into
a constant-current mode. It makes the over current (OC¥ logiput low. This output is
connected to PCF8574 which interrupts OBC micro controlleen OBC can turn off the
switch by giving logic zero to the enable pin of TPS202X. Whiegover current condition

is resolved it automatically makes the OC out put high. Th&C@an turn ON the switch

When continuous heavy overloads and short circuits ineréaes power dissipation in
the switch the junction temperature of the switch riseseattal protection circuit shuts off
the switch to prevent damage. It is then automatically reced from thermal shut down

after temperature has gone down sufficiently.

Summary

The need of 12C protection circuit was justified. It was fouhdt protection circuit can

successfully prevent global hanging of the bus due to singtke faults. The timer setting
for each subsystem need to be analyzed. The I/O port PCF8&34ested. 12C communi-
cation with this device was successfully established. Ddjpg upon current consumption
of each subsystem suitable device of TPS202X family nee@ tchiosen. Testing of these

switches need to be done.
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Chapter 6

BACKUP FUNCTIONS OF OBC

OBC collects House Keeping data from other subsystem ataemguervals of time ,which
is not frequent. Rest of the time it is put in idle state. So Qi@ be made to act as back
up for any of the subsystem. PAYLOAD and ADCS are using ARMmngontrollers , itis
difficult for OBC to do their functions . As drivers and hardeanterfaces Will be different
for them. COM subsystem which is responsible for managimgraanication between GS
and IITMSAT is using MSP430 micro controller.

COM is an important subsystem, if COM fails, control overedde will be lost from
GS. So it was decided to make OBC to act as back up for COM. If GaMmanage to
do OBC functions OBC can be put in idle state. OBC then act aslandant system for
COM. If COM fails it comes to active state. Testing was neettecheck whether COM
could do House Keeping also while it is in most active stagehen satellite is over GS.

The level of redundancy needed to be implemented was alssidsoyed. A simple
method would be replicating the COM subsystem and sharirdpaae resources between

COM and OBC.
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Figure 6.1: OBC as back up for COM

As shown in figure Transmit and receive Hardware of COM candmmected to OBC.
During normal operations as OBC is put in sleep mode so it doeaffect COM function-
ality.

To test the OBC for COM functions some level of understandibgut COM was

needed.

6.1 COM subsystem

COM micro controller which is MSP430 is connected to a reeehardware and transmiter

hardware.

6.1.1 FSK Receiver (ADF7020-1)

ADF7020-1 is a FSK/ASK transceiver manufactured by Analayibes. When satellite
is over GS the receiver will receiving data from GS. As soorSa®C word which is

stored inside a register of ADF is received it interrupts M3®micro controller. ADF7020
uses SPI interface to transfer received bits to MSP430.r Atie Synch interrupt MSP430

receives data from ADF7020 for 9 clock cycles. SPI frequaady2 kHz.
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6.1.2 GMSK base band modulator (CMX7164)

CMX7164 is using c-bus protocol which is same as SPl. CMX Ha&&ltwo internal buffers
CMD FIFO and command buffer. From MSP430 15 bytes of datanid seCMX7164. An
interrupt is generated when CMD FIFO is empty. Down link gnranssion is occurring at

. : 1
19.2 kbps. So interrupts will occur TZZLO%: 6.25 ms. At 2 Mhz speed of SPI, MSP430
17x 8

> 1P 0.68 s to fill the buffer.

takes

6.1.3 Test Setup

The MSP430 which is to be used for OBC now needs 3 spi (one fdt AdbDe for CMX7164
and one for memory card) and one i2c peripherals. So 4 USQingis are needed.
MSP430f5436 has four USCI modules,so it was chosen.

To simulate ADF7020 and CMX7164 two launch pad kits with MS@g2553 mi-
cro controllers were used. They were connected to MSPA4&B-84rough SPI inter-
face. Memory card was also interfaced through SPI. Anotlemkchpad was connected

to MSP430F5436 through I12C.

SD
card

-1

SPI SPI
Launchpad n Launchpad
ADF7020 P MSP430F5436 _’ CMX7164

l 2

Launchpad

Figure 6.2: Test setup for OBC as back up

As receiver has higher priority it was connected to USCIA2akthas higher priority.
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USCIA1 which has next higher priority was connected to Tnaitar launch pad. For 12C
communication USCI B3 was used.

As from Tx it will receive interrupt at intervals of time 6.2Bs from function generator
a square wave of period 6.25 ms was given to port 2.0 of MSPAB@. port 2 interrupts
were enabled. So MSP430 will get interrupted in every 6.25 Titeen it will send 15 bytes
of data to Tx launchpad.

As memory read and write is done through DMA it won’t be aféetby various inter-

rupts. 12C communication done in between this interrupts.

1 .| @CHZ F

?f . [CurA: —6.300ms
[CurE: SEEENE

..... :'\_ e

[ lesak: 162, 3H:

=
=

Freac 1)=80.97H: Frea(2i>2. ekt -
CHi= 2,880/ CHZo 2.000/  2.B80ms/ || 26.0kSa/s

Figure 6.3: Figure showing SPI communication at interv&l.25 ms and i2c communi-
cation of 16 bytes in between it.

For I2C communication of 16 bytes it takes about 1.5 ms to detapSo it is possible
for the COM to do the House keeping also as it has lot of free ilmbetween each 6.25

ms.

6.2 Flow diagram for COM with CDMS function

COM need to have two internal buffers read buffer and HK buffée data to be transfered

to CMX7164 is stored inside read buffer. House keeping datzetstored in SD card is
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saved inside HK buffer. Both buffers are of 512 byte size hseanemory can be accessed
only in blocks of 512 bytes.

As SD card is accessed by payload also, there need to be swztion in between
them. When PAYLOAD writing data to SD card it gives a signaénmenp to COM indi-
cating COM to hold its memory transfers. Similiarly if COMascessing SD card it gives
a signal,memenc to PAYLOAD indicating PAYLOAD to hold. HeukKeeping can be done

at regular intervals of time by keeping a timer.

Initialize
COM

4

Fill Read Buffer

A
Fill Tx Buffer

If RX
interrupt

Receive command from
Rx chip

'

Process command and
send to corresponding
subsystem through
I2c

¥

Send 15 bytes to
Tx chip

I2c Communication
For 16 bytes

If HK Buifer
Full

If memenp
on

If memenp
on

Read from SD card ‘Write to SD card

¢ A 4 l

Figure 6.4: Suggested flow chart for COM
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Both buffers read buffer and HK buffer are two in number. \Wtohe read buffer is
getting filled from memory card other can be used for sendiribxtchip. Similiarly when
one HK buffer is full ,and while it is getting written to SD chthe House keeping data can

be stored in other HK buffer.

6.3 Disadvantages in this topology approach

In this topology back up is provided for communication micamtroller. Any of the receive
or transmit hardware is also prone to failures. If Rx chifsfaven if Back up of COM is
there the controll of satellite over GS will be lost. Similiaif Tx fails science data cannot
be transferred to GS. But it is not of high importance. Theniy is for Rx. Similiarly as
we are connecting same hard ware to the OBC ,it is possibi¢iteaeason which caused
COM to fail will cause problems for OBC also.

The memory sharing is done through buffers. It is additiorxtfa hardware in the
system. If any of the buffer fails or synchronisation betw®AYLOAD and COM is lost
it will result in damaging the memory card. And the bufferedigre not proven in space

conditions.

6.4 Backup in terms of Rx Hardware

Instead of giving back up for COM micro controller it was disil to provide a extra Rx
hardware as back up. In order to reduce number of micro ciers«cCDMS was given EPS

functions also.
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Figure 6.5: Topology with back up RX ADF

In this topology storing of both SC and HK data is done by CDN&YLOAD will
collect SC data and send to CDMS in every .1ms. The interfaed is SPI and this bus
can be called SC1 bus. CDMS will keep a buffer of 512 bytes aock st to SD card
attached to it. DMA can be utilized for this purpose. And wi@DM needs data on which
framing needs to be applied , CDMS read data from memory andssié to COM. This
interface with COM and CDMS is also SPI,and this bus is cei€@ bus. COM stores data
from OBC in a external memory attached to it. For SPI intexfaetween COM and OBC
,COM is the master. So whenever it needs data from CDMS,itruéiate data transfers.
For the SPI bus between OBC and PAYLOAD,PAYLOAD is decidetlédhe master.

RX ADF (backup) interface is also SPI. It is the master for tbenmunication. This
back up RX can receive from GS at a speed of 300 bits/s. So if @@dvb controller fails
RX ADF (back up) attached to OBC can be turned on and can reagimnmands from
GS.So some level of control of satellite can be maintaine@X ADF fails ,as COM also
is connected to RX ADF(backup) it can receive commands titrau

There will be interrupts from various subsystems and hardwamponents for the
OBC micro controller. So the priority of them needs to ass@jproperly. There is four
SPI connection and one 12C connection for OBC micro corgrolhs maximum number
of USCI module available for MSP430 micro controller is fosame module need to be

used for two buses. Data transfer to SD card is done through &M it does-not have
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any interrupts. And 12C communication is done intervalsest seconds for HK data. So
same USCI module can be used for them. USCI A for memory andl BSGr the SD
card. Even though USCIA and USCIB interrupts are sharedetivent be any interrupts
from USCIA channel as it is used for SD card.

In MSP430 different USCI module has their priority order. I8gher priority one is
connected to RX ADF (back up). Next priority is given for PAYAD SPI interface.
COM SPI has the next priority. And 12C bus is given least ptyorThere are two GP
IO interrupts for the OBC. Whenever a SYNCH word is detectgdRX ADF (backup) it
gives interrupt to the OBC micro controller. This GPIO imtgat is given higher priority.
And When COM receives a valid command frame which need to®ngb any of the sub
system it interrupts OBC micro controller. OBC then inigisan 12C communication with
COM receives this command. OBC addresses the subsystenhicin the command need

to be issued and transfers it through 12C.

Summary

This chapter discusses about back up that can be providd@MSAT system. Various
methods were discussed and back up functionality that candwéded by OBC sub system

was analyzed. A new topology was chosen and its testing rodael done.
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Chapter 7

Conclusion And Future work

7.1 Conclusion

Different topologies connecting all subsystem, were teatad a topology was chosen for
efficiently store and transfer SC and HK data. Suitable basopols, micro controller
,external memory and other hardware components has besstextl Communication of
CDMS with different subsystem has been established. bterbf external memory card
with CDMS was implemented and suitable drivers were deweslofreliability of the bus
was improved by providing extra hardware at each subsystelas,and protecting the bus
from single node failures. Analysis of level of back up tham e provided by the CDMS

was also done.

7.2 Future Work

The chosen topology need to be implemented in a PCB and tektdele new topology
CDMS is doing EPS functions also. So testing need to be dowerify the feasibility of
this implementation. Different sensor modules such as ésatpre sensor ,current sensor
and voltage sensor need to be interfaced with CDMS subsys$tetare work also includes

fault tree analysis of developed system.
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Appendix A
|I2C communication Register Settings

A.0.1 Master code USCI register settings

» Control register 0 ,UCBOCTLO :

Master bit should be set in this register , sync bit for synaisation. 12C mode need to be

set in this register .

UCBOCTLO = UCMST + UCMODE_3 + UCSYNC,; // 12C Master, synchronous mode
» Control register 1,UCBOCTL1:

Clock for I2C can be choosen from different sources by chanbiCSSEL bit. For this ex-
periment SMCLK was chosen.UCSWRST should be held highldimélsettings of module

is completed.Default SMCLK will be 1 mhz ,this was set at 8mhz

UCBOCTL1 = UCSSEL_2 + UCSWRST; // Use SMCLK, keep SW reset
« Baud rate control register, UCBOBRO and UCBOBR1.:

The 16-bit value of UCBRX in registers UCBxBR1 and UCBxBRQHhe division factor
of the USCI clock source, BRCLK. The maximum bit clock thahdze used in single
master mode is fBRCLK/4. The 16-bit value of (UCxxBRO + UCEBx 256) forms the

prescaler value UCBRX.
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UCBOBRO = 0x48; // fSCL = SVICLK/70 = ~100kHz
UCBOBRL1 = 0;

« Own address register, UCBOI2COA:

For master there is no need to set this as this will be zero fautte
» Slave Address register,UCBOI2CSA:

Address of the slave need to be stored in this register.

UCB1I2CSA = 0x46;

A.0.2 Slave Code USCI register settings

« Control register 0 ,UCBOCTLO :

No need to set Master bit in UCBOCTLO for slave
UCBOCTLO = UCMODE_3 + UCSYNC; // 12C Save, synchronous mode

» Control register 1,UCBOCTLZ1:

Keep the module in reset untill all settings are done

UCBOCTLL1 |= UCSWRST;
« Own address register, UCBOI2COA:

The address of the slave is kept in this register

UCBO0I2COA = 0x48; // Own Address is 048h
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Appendix B

SD CARD INTERFACE

The read and write speeds of SD card with petite files , weresared using DSO ,with

probes connected to clock line and data line. Burst width mveasured to calculate the

data rates for different file sizes.

Figure B.1: Test Setup to measure Data rates

To measure read and write speeds of Micro SD in raw format, @GRS turned ON
and OFF in between each block read and block write. The halbghef the GPIO output

will give the read and write speeds. The below code is run @@ times in a loop.
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P10OUT |= BITO; //turn on pin O

D readSngleBlock(0);// read block 0

P10OUT &= ~BITO;//turn off pin O

D readSngleBlock(0);//read block O

1 I| WCH1 F

? [CurA=—Z25 . 88u=s

....................... - [ETE=EL. 195ms
Ais 122 0ms

[1-a¥:819.7H:

Prdi13=2.42fms

Figure B.2: GPIO output for read at 8 MHZ SPI clock
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Figure B.3:

Write time GPIO output at SPI clock 4Mhz

Write time for one block= 3.44ms
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Appendix C

PCB DESIGN

C.1 Board1l

A PCB was designed for testing 12C communication and SD aatelface. Protection

circuit and 12C i/o port also was included. MSP430G2553 mimwntrollers were used as

Master and Slave.Debug interface used was SPi BY ware.
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Figure C.1: PCB schematic for board 1
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C.2 Board?2

Second PCB was designed with MSP430F5436 for testing thkupaiunctionality of

OBC. Debug interface used was J-TAG.
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Figure C.2: Board 2 schematic
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Figure C.4: Image of board 2

Figure C.3: image of Board 1
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