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Cubesat hardware architechture


On Board Computer (OBC)


FPGA


C161PI

MCU


Decoding Logic

(DCL)


Camera Control Logic

(CCL)


PROM


Flash ROM


RAM


ACS
PSU
Payload
Communication


PC
 I2C


Address/

Data bus


Control bus


Control bus 2


Cam. Control lines


RS232


@ nty@�-�p� 587��$9	:;7��$��7�� ' 
�<
 ��(') ���$��� � � ���(� ��7	 
34�
�I�
�	�����J >� ����7	�.<
�J >� �
� 74' � � `^q�q.�@z7n£chb
n�z3bdnouKs
cfm@s
} ~�� �ZsBefs5ntzIcfsBed|?g�irsPuºaI�¯|�{]�7eRa@�3bRbf�Kb®cws���b�k `�z
g]u7uKefsPbfbQg]z7u�g�u@g:chg.a@�7bZir{]z7z@sBircfntz@y.��s���{�ef� cf{�cfm@s
¦R���!gpz3u½c®��{�i�{]zIcfew{]q.a@�3bfbfsBb"i�{]zIcfew{]qtqtntz@yª�vm@noihm
��s���{�ef��ihm7n���m7g�b�g�i�irsPbªcf{�cfm@s´u@g:chgºa@�7b���}Tz@s
|�ew{]�+¦R���Ycw{�cwm@s �TsBi�{KuKntz@y81-{�y]noi��?���#1;�Zgpz3u�{]z@s
|�ew{]� ��gp��sBewg��Z{]zIcfew{]q 1-{�y]noi����v�#1;��cf{F��s���{�ef�]�
�CsBs.¶7y]�@ews��p�

34�
�I� 34����
  >� ����7	�!
�7	�$9�:;7	�$� <
�J >���
� 7I'(� � l&m7s�i�{]zK¢
z@sPijcfnt{�zÊa3s�c®�ZsBs�z�} ~��Âgpz7u�gpqtq�cwm@s��Js�ewnt�@m@s�ehgpqob.{]|
cfm7s��Z�@a3s��Kg:c���g�bT��g�uKs��vn�cfmÊgpzO¡®¸P��a@�7b�bf�Kb®cws����
@ {�eZuKsBa@�@y�y]ntz@y�gpz7u��7ef{�y]ehgp����ntz@yv­3g�bdm���sB��{]ew��{]e
 #©�} ¦ D g§bfs�ewntg]q�ntzIcfs�ef|?g]i�s���g�b���g]u@s D bf{"cwm7g:c�cfm@s
} ~��²ir{]�7qtu�aJs
ntzIcfsBed|?g�irsBu�cw{�g5 &�^��~��F�Kcfntqtnt¤�ntz@y
gÊaJ{C{pcwbdcfehgp�Yqt{Ig]uKntz@yª��sBihm3gpz@nobf� D n�c��&g]b��3{Ibfbfnta@qts
cf{
�7bds�cfm@s�gpqtefsPg]uK�
±Iz7{:�vz5uKs���s�qt{]�@��sBzIc�bf{p|oc®�&gpews D
� s�ntq��
`�z�s�¨Icws�ewz7gpq@i�{]zIcfew{]qCa@�3bxcf{ cfm7s�i�gp��sBewg^��g�bxz@s�sPuKsBu
aJsBi�g]�7bfs«cwm@nobÊuKs��Cnoirs�ews)*I�@ntefsPu�gº�Tn�ewsBirc5¦"s���{�ef�
`^iBirsPbfbÊ�E�T¦§` ��cf{Y©�`T¦ D uK�@sOcw{�n�chb�m@nty]m¯bf�Js�sBu
u@gpcwg cfehgpz3b®|�sBe�ewgpcfs]�]¡�c#�&g]bxcwm@s�ewsr|�{�efs�g]qtbf{.ir{]z7z@sBircfsBu
uKntewsBijcwqt��cw{�cfm@s�ntzIcfsBefz3gpq�u@g:chg�a@�7bv{]|Xcfm7s�} ~v�^�

34�
�I�
�I������� � ���  "
�� '(7	� ���$7 l&m@s�iBgp��sBewgv��{]ew±]sPu
�7bfntz@y+gÂew{]qtqtntz@y�bfmC�Kcdcws�e D gpz7u²cwm@s�ewsr|�{�efs»uKsBq�nt��s�ehb
bdcfewsBgp��ntz@y§u7g:cwgR{]z5cfm@s�a@�7b���`²i�qt{Cih±I|�ews)*I�@sBz7ir�ªg:c
�P� D �]¦§��¤��&g]b �7bfsBuR�vm@s�zOcwg]±Cn�z7y�g
�@noijcw�@efs D �vm@noihm
��s�zIcZcfm7gpc�z@sB�=u@gpcwg��&g]b�g��:gpntqtnta@qtsZ{�z�cfm7s u@gpcwg'a@�7b
s���s�ew�8A]�]z7b��]l&m@nobxefsK*��7n�ewsBu�cfm@s^n����7q�sB��s�zIcwgpcfnt{]z.{]|�g
� ¦§`F��{KuK�@qts#cw{ |�srcwihm�cwm@svu@g:chg D aJsBi�g]�7bfsZcwm@s�¦R���
�&g]b�z@{]c�|?g]bdc��Zl&m@s§bf{p|oc®�&gpews��7bfsBu«cf{5g�ijcfnt�:g:cws
cfm@s
� ¦§`�ihm7g]z@z@s�q D �&g]bvu@sBbfn�y�z@sBu�cf{�ef�@z
|�ew{]�µntz�cws�ewz7gpq
©�`T¦ {�z=cwm@sÊ¦R��� D aJsBiBgp�7bfsRcfm@sÊ¦R��� uKnou=z@{pc
gpqtqt{:�Fm7gpehuK�&gpewsTa7�7b�gpewa@n�cfehg:cwnt{]z��
�½m@sBz½cfm7sRbf{p|oc®�&gpews"��g�b�g]ircfnt�:g:cwsBu D n£c
�Z{��@qou��@�Kc
cfm7s.¦O���¯aJ{pcwm�ntz�ntu@q�sTgpz7u�m@nty]m�nt���JsBu@g]z7irsT��{KuKsp�
`�zFntzIcfsBefew�@�Kc�bfn�y�z7gpq D irewsBgpcfsBu«aC�5cwm@s§�T¦
`·�vm@s�z

uK{]z@s�cfehgpz7bd|�s�ewntz@y§u@g:chg D �Z{��@qouª��g]±]s��@�Êcwm@s�¦R���
|�ef{���nouKqts&��{Cu@sp�]¡¿z�cfm7ntb���g��'cfm@s�iBgp��s�ehg.�T¦
`Y��g�b
cfehgpz7bf�7gpews�zIc�cf{���� ���
l&m@s§�T¦
`·��g�b���g]uKs�aC���3bdntz@yÊg5�K��a@n�c�i�{]�@zIcfsBe
cf{
m@{]qou�cwm@s�©�`^¦ g]u@u@efsPbfb���l&m7s�¶3ewbdc��KA�a@n�chbT��s�ews
�7bdsPuRu@n�ewsBircfqt��cf{"g]u@u@efsPbfb.©�`T¦,i�s�qtqob D gpz7u
cfm@s�qog]bdc
� a7n£chb�cf{½irewsBgpcfsBAFihm@nt�7bdsBqtsBijcª� ������bfnty]z7g]qobr�&l&m@s
ihm@nt��bfs�qtsPijcwb#��g]uKsvn�c#�J{�bwbfn�a7q�s�cw{�ir{�zIcwg]ircZgpqtq@z7s�sBu@sBu
©�`^¦·uKsB�Cnti�sBb�� @ n�y��@ewsv�.bfm@{:��bxcwm@s�nt���@qts���sBzIcwg:cwnt{]z
{p|@cwm@nobr�:l&m@s&g]u@uKewsBbwb1ir{]�7z�cws�e1��g�bXewsBbfsrcxgpz7u's�z7g]a@qtsBu
aI�.cwm@sv¦R����a3s�|�{]ewsvg]ijcwnt��gpcfntz@yvcwm@sv�T¦
`��]l&m@nob1��g�b
uK{]z@s'aI�
¶7ehbdc^�@�@qobfn�z7y�cfm@s�efsPbds�c^�@ntz D gpz7u
cwm@s�zR�@�@qtq
cfm@s�}T�Kcw�@�KcH+#z7gpa@qts �@ntz�qt{:�½{�z�cwm@s�ir{��@zIcfsBe��

20 bit

counter


3 bit

decoder


A19,A20,A21
 8 CS


ACC


CCLR


CU


Reset


Finish


Enable

decoder


OE
CCE


18 bit address

(A1-A18)


@ nty7�@�K� ����� 7I9I9	�$� � � 7���9 ' 
�< �J����� � ') '��$�(7	 ?< �	�

l&m@s²bfnt¤�s¹{]|Ycfm@s²�@noijcf�7efs+|�ew{]� cwm@s²iBgp��s�ehg¼nob
�P�	A��:¨��B�I�:¥]¨��P�pa@n�c��vm@noihm���gp±]sPbXn�c�ews)*I�@ntews�� D �p¦
~Ê{p|
©�`^¦�|�{]e�bdcf{]ehgpy�sp���Cntz7irs�sBg]ihmO©�`^¦,m@{�qtu7b.�@�P�:±K~ D
cfm@s§nt��g]y]s�ews)*I�@ntewsBb �ª©�`T¦ a@qt{Cih±J�#l&m@sR�:cfmYihm@nt�
bdsBq�sPijc D m7g]b"cfm@sBefs�|�{]ewsÊa3sBs�z»�7bfsBu»g�b§gpzºntzIcfs�ewew�@�Kc
bdnty]z3gpq D cw{�g���g]±]s�z�cfm@s�¦O���´|�ef{��¹nouKqtsT��{KuKs]�
�Cntz7irs'g�¥��]z7b'�����! " #�TuKs�qog���sr¨Knob®chb�ntz�cfm@s�ir{��@zIcfsBewb D
cfm@s�irqt{Kih±��@�@qobfs����3b®c�y�{�m@nty]m�¥��]z7bvaJsr|�{�efs'g�u@uKewsBbwb
ihm7gpz@y�sR�&g]b�s�¨K�3sPijcfsPu¯|�ef{�� ©�`^¦Ê� l;{Fu@{«cwm@nob"g
bdnty]z3gpq#iBgpqtqtsBuO`^�v�µ�?`^u7uKefsPbfb��Z{]�@zIcws�e��Zqt{Kih±@� ��g�b
y]s�z7s�ehg:cfsPu D aC��uKs�qog��Cntz@y´g»bfnty]z7g]q��@ew{:�InouKsPu�|�ew{]�
cfm@s³i�gp��sBewg D i�g]q�qtsPuµ�.�#1 � �?�^{]ewnt¤�{]zIchgpqR�Zqt{Kih±K�j�
l&m@nobvi�gp��sBewg'y]sBz@s�ehg:cwsBb&gpz7u�bf�Cz7ihm@ew{]z@nt¤�sPbQcwm@s�u@g:chg

�



bdcfewsBgp��� @ nty]�@ews � ntqtqt�7bdcfehg:cfsPbQcwm@s�qt{]y]noip�

HCLK


Delay 2

and swithing


Sync


WR

(MCU)


R/W


Delay 1

Q


Q

SET


CLR


S


R


Finish


VCLK


A


B
 C


ACC


Enable

Decoder


Word

Enable


@ nty@� � � � 7I �� � ���	< ' � �	� '��$�(7	 ?<
�������	� 7���9 � � �
� <
� ��7	� �

~���uKs�qog��Cntz@yFcfm7s�`^�v� |��7edcwm@s�e � �]z7b
cfm@sF� �#1 �
bfn�y�z7gpqZ��g�b�g]qobd{"�7bfsBu5|�{]e��@�@qobfn�z7y
©,EK� bdnty]z3gpqob cf{
cfm7s½©�`^¦ � ����
:�ªuKsB�Inoi�sBbOg]bªews)*I�@ntefsPu»�vm@sBz�u7g:cwg
bfm@{]�@qou³aJs½�vefn�cfcfs�z³cw{»cfm@s¯©�`^¦ª��� �#1 � m3g]b5g
�Js�ewn�{Ku�{]| A]�pz3b=�����  ������ �P��� �������C� D gpz7u+g
uK�Kc®�Âir�Kirqts�{p| �]�� D �vm@noihm���sPgpz7b
cfm7gpcªcfm@sYqt{:�
�Js�ewn�{Ku�nobx¥��pz3br�]©�`T¦¼efsK*I�@ntefsPb1g qt{:���Js�ewnt{Ku'{]| �]�pz7b
� �"!$#�� D cwm@s
©,E � bfnty]z7g]q&��g�b�cfm@sBefs�|�{]ews
y�s�z@sBewgpcfsPu
aC�5bdm7{]efcfs�z7n�z7y§cfm7s��.�#1 � ��l&m@nob���g�b�g�ihm@nts���sBuªaC�
irewsBgpcfntz@y.g.uKs�qog��]sPu'�.�#1 � g]z7u�cfm@sBz�`^�^�=n�cx�vn�cwm�g
z@{�zK¢�u@s�qog��]sPu�� �#1 � ��l&m@svews)*I�@ntefsPu�cwn���ntz@y nobQbdm7{:�vz
ntz�¶3y]�@ews.¥@�

HCLK


A


B, ACC


C, R/W

Done by


finish or VCLK signal


MCLK


t
mclk


t
p


0
 1
 2
 3
 1023
1022
1021


0
 1
 2
 3
 1021
 1022
 1023


t
acc


t
cd
 t
WP


Row data

nr.


Address

counter


@ nty@�T¥7� � 7I �� � ���	< ' � �	� '��$�(7	 ?<
�������	� 7���9 � � �
� <
� ��7	� �

@ �7edcws�ew��{]ews�cwm@s½ir{���a@ntz7gpcfnt{]z»{]|
g´­7nt��E�­7{]�³gpz7u
g»} ©�y�gpcfs«��g�b
�7bfsBu�cf{¯cf�@ewz�{]°+cfm@s�qt{]y�nti D aC�
m@{�qtu@n�z7y'cwm@s�ntz@�@�Kc�m7n�y�m�{]z
cfm@s�} ©¯yIg:cwsp�3l&m@nob&�&g]b
nt���@qts���sBz�cwsBu
cf{§sBz7bf�@efs�cfm7gpc�z@{�nobds�{�zÊcfm@s
� �#1 �
ntz@�@�Kc�uKnouYz@{]c�cfewnty]y�s�e�g5�vewn�cfs
g�i�i�sBbwbr� �½m@s�z=cfm@s
ew{]qtqtn�z7y«bfmI�@cdcfsBe§{p|�cwm@s�i�g]��s�ehg���gp±]sPb"gFqtn�z7sBbfm@n�|oc
����s�efcfnoi�g]q�bfm@n�|och� D cfm@svi�g]��s�ehg&m@{]qou@bXcfm7s&bfnty]z7g]q&%T�#1 �
�'%QsBedcwnoi�gpq��Zqt{Cih±@�1m@nty�m��Il&m@nob�g]qobd{�uKnobwgpa@qtsPb1cfm@sT�vefn�cfs
��sBihm3gpz@nobf�³{�z
©^`^¦ª�

34� 3)(�� �  ?:;7�� � 7	�$' 
�<
 ��(') ��� �

l&m@s�uKsBbfnty]z@sPu§bf{p|oc®�&gpews���g�b^��g�uKs�cw{�aJ{C{pcf¢��@�Ogpz7u
g:|ocws�ew��g]ewu7b
bfs�ew�]sOcwm@s���� ��� @ nty]�@ews �Fbdm7{:��b
cfm@s
bf{p|oc®�&gpews g]ewihm@n�cwsBijcw�@ews^{p|1cfm7s�} ~v�^�
`^b
bdsBs�zº{]z´cfm7sÊ¶7y]�7efs D cfm@s���� ��i�{]�@qou¯sr¨KsBi��Kcfs
uKn�°�s�ews�zIc�|��@z7ircfnt{]z7b'{]zªcwm@s
} ~��^�1l&m@sPbds�|��@z7ijcwnt{]z7b
g]ircfsPu
g�b&m7gpehuK�&gpews u@efnt�]sBewb#|�{]e�cfm@s���� ����~Z���7bdntz@y
cfm7sBbfs�uKewnt�]sBewb�u@n£°�s�ews�zIc�chg]bf±Kb^��s�ews'��g�uKs�cfehgpz3bd�7g]ed¢
s�zIcRcf{º��� ���'��� ���&g]b
s)*I�@nt�3sPuº�vn�cfm�g=bfnt���@qts
bf{p|oc®�&gpews�ntzIcfs�ef|?g]i�svcf{�u@n£°�s�ews�zIc&m7gpehuK�&gpews^|��7z7ijcwn�{�z7b��

Hamming

code


Flash

Memory


I2C Bus

Take


Picture

Measure


Temp.


CDH


Boot-up seqence


@ nty7���K� (����  :;7	�$��7��$'(
=<
 >�('� ?���$��� � � ���(�*( 7	 
l&m@sZuKewnt�]sBewb-g]z7u.cwm@s�~�{C{pcf¢��7��bdsK*��7s�z7i�s#nobXuKsPbfi�efntaJsBu
n�z�cfm7s.|�{]qtqt{:�vn�z7y@k

34� 34�
�I� � ��� �+(�7I � ¸ �-, ���=� l&m7s��3sBefnt�@m7s�ehgpqKa@�7b#��g�b
bdsBq�sPijcwsBu�g�b�cfm@s�¡®¸:�#¢�a@�7bvbdcwgpz3u@gpehu Ã ¡d�����E�]�]�@����Ä��
}Tz@qt�^c®��{�a@�7b;qtntz@sBb-g]efs#efsK*��7n�ewsBu�kB`«�CsBefnog]q]�Tgpcwg41-ntz@s
�E�K��` ��gpz7u«gÊ�Cs�ewnogpq��Zq�{Kih± 1-ntz@sª�E�3�#1;�h�#l&m7s�c®��{
�vn�ewsBb D �K��`+gpz3uO�7�#1 D i�g]efew�"ntzK|�{]ew��g:cwn�{�z�a3s�c®�ZsBs�z
cfm@s
u@s��CnoirsBb�i�{]z@z7sBijcwsBu�cw{ªcfm@sRa@�7b��Z`·��g]bdcfsBe§��ntz
cfm@nob#iBg]bfsvcfm7sT¦R��� �QnobQcwm@sTuKsB�Cnti�sv�vm@noihm�ntz@n�cfnog:cwsBbxg
u@g:chg�cwewg]z7b®|�sBeT{�z§cwm@s�a7�7b�gpz7u
y]sBz@s�ehg:cwsBbvcwm@s�irqt{Kih±
bdnty]z3gpqob1cf{��3sBef��n�c�cwewg]z7bd|�s�ehbr�4�½m@s�z�cfm@nobZntbZuK{]z7s^cwm@s
uKs��Cnoirs.g]u@u@efsPbfbfsBu�nob�i�{]z7bfnouKs�ewsBu�g�bdqog��]s]�

RAM/
ROM

DATABUSCOM−DATABUS

SDA

SCL

COM OBC PAYLOAD

ACS PSU

External
PC

@ nty7�K�@� � ¸ �-,�. �=� �  � ��') ?���$�

l&m@s«�Z�@aJsBbwg:c
bdcfew�7ijcw�@efsª�&g]b"uKsPbdnty�z@sBu=cf{½i�{]z7bfnob®c
n�zIcws�ewz7gpqtqt��{]|�¶7�]s�uKn�°�s�ews�zIcT��{KuK�7q�sPb����v} ¦ D } ~�� D
`^�&� D  ��K��g]z7u§ Qg��Cqt{�g�u7��g]b bdsBs�z"ntz"¶7y��@efs��K��l&m@s
qtg�b®cQ��{KuK�@qts&{]z�¶7y��@ews��.ntb#gpz�{]�Kcwnt{]z7g]qKsr¨CcfsBefz7g]q@ ��
�7bdsPu�|�{]e&cfsPb®cwntz@y�g]z7u�bdnt���@qog:cwn�{�z�{p|Xcwm@s�bf�CbdcfsB���
����<
 ?< 7	� <0/)7I < ����� �  "
�� � ¸ �-, � �=�+1 l&m@sO¡®¸P�#¢�a@�7b
��g�b
ir{]z@¶7y]�@ewsBu D ��{]z@n�cw{]ewsBu�gpz7u½i�{]zIcfew{]qtqtsBu�aC��bfsrcfcfntz@y
gpz7uRefsPg]uKntz@y
uKn�°JsBefsBzIc ntzIcfsBefz7g]q;ews�y�nob®cws�ehbrkQ��¡f�v� @ - D
¡f�v�v} � D ¡f�&�Kl´gpz7u§��©xlv~v� Ã ¦R���¾�E�p���@����Ä��
Æ �P���'(&�
D ¡®¸P� ir{�zK¶7y]�7ewgpcfnt{]z·ews�y�ntbdcfsBe���l&m@nob
efsBy]nob®cws�e�sBz7gpa@qtsPu�cwm@s
uKsPbdntewsBu�¡®¸P�¾a@�3b��J{]efcwb��
l&m@s�¦R����m7g]u
c®��{
i�{]���@qtsrcws'¡®¸:�ºntzIcfsBed|?g�irsBb��
l&m@s.efsBy]nob®cws�e#g]qobd{�bds�cZcwm@s.a@n�c�ehg:cws�|�{]e�cwm@s.a@�7b��
¡®¸P�#¢�¡¿z�cws�ef|?g]i�s���{]z§cwm@s�¡®¸P�´�&g]bT�7bfsBu D �vn�cwm
g
a@n�cfehg:cfs.{]|1À�2C� ��±Ca�E:b��

Æ �P������	OD ¡®¸���i�{]zIcfew{]q�ews�y�nob®cws�eB��l&m7ntb.ews�y�nob®cws�e
ir{]zIcwef{�q�qtsPu�ntz"�vm@noihm"��{KuKs�cwm@s�¦R������g�b^bfsrc D
¦§g]bdcfsBe�{�e�bfqog��]s]��¡�cvgpqobd{�uKsBi�ntu@sBu��vm7srcfm7s�e32�{�e
�B�Oa@n�c�g]u@u@efsPbfbfsBb���s�ews��7bdsPu��Zl&m@s§¦O���·��g�b
bds�cZntz���g]bdcfsBe���{KuKs D gpz7u42�a@n�cZg]u@u@efsPbfbfsBbQ��s�ews
�7bdsPu��

¥



Æ �P���X��D ¡®¸��=bdcwgpcf�7b&ews�y�nob®cws�evl&m@nob&efsBy]nobdcfs�evi�{]zK¢
cwg]ntz@sBu�cfm@s�ir�@ewefsBzIcvbdcwgpcf�7b�{p|1cfm@s�¡ ¸ �Ya@�3b�gpz7u
ntz7uKnoi�gpcfsPu�n�|1g]z�ntzIcfsBefew�@�Kcv�&g]b��3sBz7uKntz@y

Æ �P���.����D ¡®¸��
cfehgpz7bf��n�c�g]z7u�ewsBi�s�nt�]sxa@�K°�s�exl&m@s
a@�K°�s�exir{�zIcwgpntz@sPu�cwm@s#ewsBi�s�nt�]sPuTu7g:cwg�{]e-cwm@sZu7g:cwg
gpaJ{]�@cvcf{�a3s�bfs�z3u��

� ¸ � � � �	 >�)'(�	�01 ` �@ew{pcw{Kir{]q �&g]b
uKsBbfnty]z@sPuY{]z=cf{]�
{p|^cfm@s�¡®¸P�#¢�a@�7b���l&m@s"ir{����@qtsrcfs��@ef{]cf{Kir{�q#cwm@s�ewsr|�{�efs
ir{�z7bfntbdcfsPu�{]|Xcfm7s.|�{]qtqt{:�vn�z7y���{�ewuKsBefsPu�g�b&n£cv��{]�@qou�a3s
cfehgpz3bd��n�cdcwsBu7�jk
�Ichgpefc D `Tu@uKewsBbwb D ©,EK� D `^ih±Cz@{:�vqtsBuKy�s�a7n£c D |�{]qtqt{:��sBu
aC��g'm7sBg]u@s�evgpz7u�ihm@sBih±Kbf�@�¹uKsPbdnty]z7sBu�sPbd�JsBi�ntg]qtq��'|�{]e
cfm7s i��@a3sPbfgpc D |�{]qtqt{:��sBu�aC��cfm@s.�Tgpcwg�gpz7u�g��Icw{]��a@n�c��
��sPg]uKsBe�k^l&m7sÊm@sBg�uKs�e§g�b"bdm@{:�vz´{]z¯¶7y��@efs 2�i�{]zK¢
cwg]ntz@sBu�n�z@|�{]ew��g:cfnt{�z5gpaJ{]�Kc�cfm7s
qtsBz@ypcwm«{]|^cfm7s�bfs�zIc
u@gpcwg �7g]ih±:g]y]sBb��:¡�c#gpqobf{Tir{�zIcwgpntz@sPu'g ��{KuK�@qts�zI�7��aJs�e
�7bfsBu�cf{�uKsPbfi�efntaJsTsBn£cwm@s�e&�vm@noihm���{Cu@�@qtsTntz�cwm@s�bfqtg���s
�&g]bvir{�zIcwg]ircfsPu�{]ev�3bdsPu
g�bvg�bd�JsBi�n£¶Ji i�{]����g]z7u��

Header

In Bytes

Length Module Number

@ nty@� 2I� � ¸ �-, 
��(749I��� �

Æ %#AC<1H7NP/�� l&m@s�¶7ehb®c.cwm@efsBs�a@n�cwb.{p|�cfm7s�m@sBg�uKs�e
uKs�cfs�ew��ntz@sBuOm@{:����g]zI�Ou@g:chg"�7g�ih±�g]y]sPb.�Z{��@qou
|�{]qtqt{:�Fcfm7s�m@sBg�uKs�e

Æ ��0-G191>?A�� l&m@s§qog]bdc �Oa@n�cwb�ntz7uKnoiBg:cfsPu«g�ir{]��¢
��gpz3u�{�e&cfm@s�uKsB�Cnti�sT��{KuK�7q�s zC�@��a3sBe��

�Zm@sPih±Cbf�@��k:l&m@svu@g:chg �7g]ih±:gpy�s�|�{�q�qt{:�vntz@y&cwm@s&m@sBg�uKs�e
�&g]b�g]z A�a@n�c.��©��º�Zm@sBih±Kbf�@���3l&m@s�ihm@sBih±Kbf�@�¾�&g]b
i�g]qoir�@qog:cwsBu�ntz�cfm@s.|�{�qtq�{:�vntz@y��&g��Jk

Ã ����� Ä��
	 Ã �
����� Ä � Ã ��������������� Ä �d�P�

`�qtq�cfm@sYu@gpcwg=�7g]ih±:gpy�sBbRgpz7u�cfm@sFm@sPg]uKsBeObfs�z7u�ntz
{]z7s�cfehgpz3bd��nobwbdnt{]zR�ZsBefs�g]u@uKsPuªcf{�y]s�cfm@sBe D cfm@s A"a@n�c
ewsBbf�@q�cX{p|@cwm@nob;iBgpqoir�7qtgpcfnt{]z �&g]bXcfm@sBz�bf�@aKcfehg]ircfsPu.|�ef{��
Ã @0@ mKÄ D cfm@nob��Cnts�qouKsPu�cfm@s���©v�´ihm7sBih±Kbd�7���3l&m@s�u7g:cwg
�&g]bvihm@sPih±]sBu�ntz�cwm@s.|�{]qtqt{:�vntz@y���g��Jk

Ã ��������������� Ä�� 	 Ã �
����� Ä � Ã ����� Ä ���]�

l&m@sObd�@� {]|�efsPirs�nt��sBuFu@g:chgÊ��s�ews
g]u@u@sBuY�vn�cfm½cfm@s
ihm@sPih±Cbf�@���X¡�|^cfm@s�efsPbd�@q�c'�&g]b�uKn�°JsBefsBzIc�|�ef{�� Ã @2@ mKÄ
cfm7s.u7g:cwg��&g]b&ir{�efew�@�KcwsBu�g]z7u��Z{��@qou�a3s.ewsrcwewg]z7bd��n�cf¢
cfsPuª�?bfs�s.sr¨@gp���7q�s ntz�¶3y]�@ewspk�A��j�
�Z{]z3uK�7ijcwntz@y«m7{]�7bfs�±�s�s��7n�z7y«gpz3u´i�{]zIcfew{]qtqtntz@yÊ�@z@n�chbrk
`�|��@z7ijcwnt{]z§�&g]b uKsBbfnty]z@sPu
cf{
ir{]qtqtsBirc�m@{]�3bdsB±]s�sB�@ntz@y@�
�½m@sBz«g
i�{]qtqtsBircfnt{]zR{p|�m@{��7bdsB±]sBs��@ntz@y"�&g]b�ntz@n�cfnog:cwsBu
cfm7s"��g]bdcfs�e���s�ews�{]z@qt�Êcw{5g]u@uKewsBbwb�gª�@z@n�c�gpz7uFbfsrc
cfm7sR©,E � ir{]z3uKn�cfnt{]z«cf{�É�©vsBg�u@ÉK�&l&m@s§�@z7n£c��Z{��@qou
cfm7s�z�u@s�qtnt�]s�e-g]qtq]n�cwb;m@{]�3bdsB±]s�sB�@ntz@y�u@gpcwgvcw{�cwm@s�¦O�����
+#g�ihm�bdsBz7bd{�e-{]z�g��@z@n�c;�&g]b�nouKsBzIcfn�¶7sBu aC�Tcfm@sZ��{Cu@�@qts
zC�@��a3sBeZcwewg]z7bf��n£cfcfsPu�ntz�cwm@s�m@sPg]uKsBe��
l&m@s¾|��@z7ijcwnt{]z!|�{]e³ir{�q�qtsPijcfntz@y¼m@{��7bfs�±]sBs��@ntz@y¼�&g]b

[10110101]

[01101101]

[11111111]

[11011101]

−

+

=

(FFh)

(DATA)

(CRC)

SEND DATA

[11011101]

[01101101]

[10110101]

[11111111]

(CRC)
+

+

RECIEVED DATA

DATA OK

(FFh)
=

@ nty7��A@� � 7	� '�� � 7I < ���B���8' 
��('���� � �
i�gpqtqtsBu�¡d������{��7bfs�±]sBs��@ntz@yJ�E�j�
�½m@s�z�g��7z@n�c'��g�b'i�{]zIcfew{]qtqtsBu�|�ew{]� cfm7s�¦R��� D cwm@s
¦R���!�Z{��@qou=m3g��]sRcf{½bfs�z7uºu@gpcwgFgpqt{]z7y«�vn�cfm´cwm@s
g]u@uKewsBbwb D m@sBg�uKs�e�g]z7uªihm@sBih±Kbf�@����¡¿zO{�ewu@s�e cf{"�vewn�cfs
u@g:chg'cw{�g��@z@n�c&cfm@s�¡d�I�;�Oewn�cfs����#|��@z7ijcwnt{]z
��g�b&�7bdsPu��
¡�c'��g�b�gpqobf{��3{Ibfbfnta@qts�cw{§ewsBg]uªu@gpcwg�|�ew{]�)g§bf�3sPirn�¶3i
bdsBz7bd{�e��P¡¿z'{�ewuKsBe-cw{TuK{^cfm@nob D cwm@s�|��@z3ijcfnt{�z�¡d����©vsPg]u-���
��g�b&�7bdsPu��

34� 34� 3 � ��
�� . �K�	 , �K� � �! �������'(� }Tz@s
{p|^cfm@s���{�bdc
�In�chgpq�|��7z7ijcwn�{�z7bR{p|�cfm7sY} ~�� nob"cwm@s�~�{C{pcf¢��7��bds�¢
*��7s�z7i�sp�1l&m7s��@�@ew�3{Ibds�{p|&cfm@s
~�{I{]cd¢��@�ÊbdsK*I�@s�z7i�s�nob
cf{Êir{�zK¶7y]�7efs�cfm@s"¦R���¼gpz3u«g�ijcfnt�:g:cws���� ���Z`�|ocfsBe
cfm@sFg]ircfnt�:g:cfnt{�z»{p|���� �,cfm@s½} ~�� ��g�bRuKsPbdnty�z@sBu
cf{Oa3sPir{]��s�g
�7g�bfbfnt�]s��@z7n£c�cwg]±Cn�z7y§{]ehuKs�ehb D qtnt±]s�cwm@s
¡d���;�ªefn�cfsI�E�-{]ex¡d�����^{]�7bfs�±�s�s��7n�z7y3�E�-ir{]����g]z7u D |�ew{]�
���T����l&m@sZa3{C{]c1bfs)*I�@s�z3irs��&g]b-cf{�aJs�iBgpewefntsPu^{��Kc1g]�K¢
cf{]z7{]��{]�3bdqt� D a3sPi�gp�3bds�uK�@ewn�z7y�a3{C{]cd¢��@�§cwm@s�ews'��{]�@qou
a3s�z@{
ntzIcfsBq�qtnty]sBzIc ir{�zIcfew{]qT�����T� �'g]z7uªz@{Oir{]�����K¢
z@noi�g:cwnt{]zYaJsrc®��s�s�z=cfm@sªsPgpefcfm¯g]z7uYcwm@sÊbfgpcfsBq�qtn�cfs]�Z¡�|
cfm@s§aJ{C{pc�bfs)*I�@sBz7irs�|?g]ntq�sPu«g]z7u«cfm@sª} ~v�¹�&g]b�z@{]c
�@efsB�7gpewsBu�cw{�u@sBgpqJ�vn�cfm�cfm@sT|?gp�@q�c�aI��n�cwbfs�q�|�cwm@s bwg:cws�q�¢
q�n�cws�ir{��@qou§aJs�q�{Ib®cB�-lX{�s�z3bd�@ews�cfm7gpc�bf{p|oc®�&gpews'sBefew{]ehb
ir{]�7qtu�a3s.ir{�efewsBircfsBu�n�|;u@srcfsPijcwsBu�gp|ocfsBeZqogp�7z7ihm D n£c���g�b
��g]uKs��J{�bwbfn�a7q�s&cw{��7�@qt{�g]u D aJ{I{]cZ�@��{]z�g]z7u��3bdsTz@s��
bd{]|oc®��g]efs]��l&m@s&z@sB�«bf{p|oc®�&gpews#��{]�@qou'a3svbdcf{]ewsBu'ntz'cwm@s
{]z�a3{Igpehu�­3g�bdm���sB��{]ew�p�:�Tgpcwg ntz'­3g�bdm���s���{�ef��iBgpz
a3s.ir{�efew�@�KcwsBu�uK�@sTcf{�ewg�uKnog:cwn�{�z���l;{'sBz7bd�7efs^cfm7gpcZcwm@s
irewn£cwnoi�gpq:aJ{C{pc;bf{p|oc®�&gpewsQ�&g]b-z7{pc;i�{]ewef�@�@cfsBu D cfm7s#ntzIcfs�ef¢
z7gpqIgpz7u���s�ew�^ew{]a@�3b®c; Z©�} ¦���{Cu@�@qtsQ��g�b��7bfsBu��:l&m@nob
��{Cu@�@qts
��{]�7qtu«m@{�qtu«cwm@s§{]ewnty]ntz7g]q�g]z7uF�ZsBqtqvcfsPb®cwsBu
bd{]|oc®��g]efsT�7bdsPu��vm7s�z
cfm@s�bwg:cws�qtqtn£cws��&g]b�qogp�@z7ihm7sBu��K¡¿z
cfm@nobQ�&g���cfm7s^ #©�} ¦µ�@ew{:�InouKsPu�cwm@s } ~��5�vn£cwm�g |?gpntq
bfgp|�sQ��{Cu@sp��¡�|@gpz�sBefew{]e�{KiBir�@ewefsPuTu@�@efntz@yvaJ{C{pcf¢��@� D �7bd¢
n�z7y�cfm7s z7s��=bf{p|oc®�&gpewsvcfm7s�} ~���m3g]u�aJs�sBz�uKsPbdnty�z@sBu
cf{�gp�Kcw{]��gpcfnoi�g]q�qt��ews�aJ{C{pc�gpz3u�cwef��cw{�a3{C{pc��7���7bfntz@y
cfm@s�{]ewnty]ntz7gpq;bd{]|oc®��g]efs]�Jl&m@nob gpqobd{��Z{�ef±�sBu
cfm7s�{]cfm@sBe
��g���g]ef{��@z7u
ntz"i�g]bfs�{p|xcwm@s'bf�CbdcfsB�¹cwef�Cntz@y�cf{�aJ{C{pcf¢
�@�Ê�7bfn�z7y�cfm@s�{�efnty�n�z3gpqxbd{]|oc®��g]efs]�X~Z�Ont���@qts���sBz�cwntz@y
cfm@nob�ntzIcf{Ocfm7s
~�{I{]cd¢��@�YbdsK*I�@s�z7i�s D cwm@sR} ~��¹i�{]�@qou
uKsBg]q#�vn�cfmª|?g]�@q�cwb�ntzª{]z@s�{p|&cfm@s�c®�Z{"aJ{C{pc�bd{]|oc®��g]efs
�]s�ehbfn�{�z7b"cwm@s�ews�aC����g]±Cn�z7yYcfm@sY~�{C{pcf¢��@�³bdsK*I�@s�z7i�s
��{]ewsTews�qtnogpa@qts]�
l&m@s�} ~v��~�{I{]cd¢��@�Rbfs)*I�@sBz7irs��vntqtq;aJs�uKsPbfi�efntaJsBu§ntz
cfm@s
|�{]qtqt{:�vn�z7y@��l&m@sRg]qty]{]ewn�cfm@� {]|�cfm@sObdsK*I�@s�z7i�s§nob
bdm@{:�vz«ntz5¶7y��@efs
ÀK�#l&m@s�~�{C{pcd¢��@��bdsK*��7s�z7i�s���{]�@qou

�



yes

yes

no

from PROM

no

Reset boot−watchdog

New bootsoftware

Basic Boot from PROM

     flash memory
checksum ok? from flash memory

     Start CDH

Load CDH

Load CDH

in Flash memory?

@ nty@�7ÀK� � .�� . �K�	 , �K� ���! ��� ��'(�

aJs½sr¨KsBi��KcfsPu�g]b5bf{C{]z+g]bªcwm@s=¦R��� �&g]bÊcf�@ewz@sBu
{]z-�&l&m@sª¦R��� ��g�b�uKsPbdnty�z@sBu�cw{«gpqt�&g��Kb�b®chgpefc�aC�
ir{�zIcwg]ircfntz@y�cwm@s
 Z©�} ¦ ��{Cu@�@qtsp�;l&m@s�¶7ehb®c��7gpefc�{]|
cfm7s'��{KuK�@qts D cwm@s'a3g]bfnti.aJ{C{pc D �&g]bv��g�uKs�cf{�ir{]zIchgpntz
cfm7s�a7g]bfnoi�bf{p|oc®�&gpews�z7s�sBu@sBuRcf{"bfsrc��@�Ocfm7s�uKn�°JsBefsBz�c
�7g]ewg]��srcfsBewb#ntz�cws�ewz7gpqtqt�'ntz�cfm@s�¦R�����7l&m@nobZ�3gpefc��&g]b
±]sB�KcTntz�cwm@s� Z©v} ¦!aJsBiBgp�7bfs�n�cT�&g]bvcfm@s���{�bdc��Cn£chgpq
�7g]edcv{p|;cfm@s�aJ{C{pc�bf{p|oc®�&gpews g]z7u�s]� y7�@ntz7uKnoi�gpcfsBu��vm7g:c
cfm7s=ntzIcfs�ewz7g]q�¦R��� bfsrcfcfntz@y»ews)*I�@ntews���s�zIchbObfm@{��@qou
aJsp��~��+±]sBs��@ntz@y»cwm@sºa7g]bfnoi½aJ{C{pcYbdsK*��7s�z7i�s´gpcFg
��ntz@nt���7� D n�c���g�b'�J{�bwbdnta@qts�cw{Og]q£cws�e���{]ews�ntz�cws�ewz7gpq
¦R���«ir{]z@¶7y]�@ehg:cwnt{]z7b�ntz�cwm@s#aJ{C{pc;sB�]sBz'g:|ocws�eXqog]�@z7ihm��
¡�|�g��J{]efc m7g�u"cw{�aJs�efsPir{]z@¶7y]�@ewsBu§qtgpcfsBe D cfm@nob ir{��@qou
aJs�uK{]z7s�aI�R�@�@qt{�g�uKntz@y
z@s���bd{]|oc®��g]efs�g�b�uKsBbwirewnta3sPu
qog:cws�e&{]z��
�½m@sBzªcfm@s
��� �+�@�7q�{Ig]uKsPu
z7s���bd{]|oc®��g]efs�n�c��Z{��@qou
bfs�z7u�g�ir{�����gpz7u.cwm@ew{]�@y�m�cfm7sv¡®¸��Êa@�7bxcw{Tcwm@s� Z�@� D
cfsBqtq�ntz@yRn�c�cwm7g:c�z@s��µbd{]|oc®��g]efs��&g]b��@�@qt{Ig]uKsPu��� Z�K�
��{]�@qou.cwm@s�z�bdnty�z7gpq]cfm@nob1a7g]ih±.aC��s�n�cwm@s�exg^m7n�y�m�{]exqt{:�
bfn�y�z7gpq�{�z"g�ir{�z@z@sBircfnt{]z�uKntewsBijcwqt��cf{�cwm@s�} ~��^�3l&m@nob
ir{�z@z@sPijcfnt{�z��&g]bZcf{�aJs��7bdsPu�u@�@efntz@y�cfm7s aJ{C{pcB�3`v|ocws�e
cfm7sTa7g�bdnoivaJ{C{pc�cfm@s.¦R���=�Z{��@qou�cfm@sBz�s�¨Kg]��ntz@s&cfm@nob
ir{�z@z@sPijcfnt{�z��:¡�|7cfm7s�ir{]z7z@sBircfnt{]z'u@ntu�z@{]cxntz7u@ntiBg:cws#z@sB�
bf{p|oc®�&gpews.cfm@s�¦R������{]�@qou�ir{�zIcfntzC�@s.cfm@s�a3{C{]c�|�ef{��
 #©�} ¦ª� ¡�|�n£cRn�z3uKnoi�g:cwsBu´z@sB�!bf{p|oc®�&gpewsªcfm7s«¦R���
��{]�@qou�sr¨@g]��n�z7s n�|Qcwm@s�bf{p|oc®�&gpews'bdcf{]ewsBu�ntz�cwm@s�­3g�bdm
��s���{�ef�
�&g]b �:gpqtnou���l&m7ntbT�&g]b.uK{]z7s�aC�"cwsBbdcfntz@y�cfm@s
bf{p|oc®�&gpews �3bdntz@y�g�ihm@sPih±Cbf�@� D g�b�uKsBbwirewnta3sPu�qogpcfs�ev{�z��
¡�|@cwm@s�bf{p|oc®�&gpews��&g]bX��g]qtntu.n�c1�Z{��@qou�ir{]zIcwn�zC�@s#n£chbXaJ{C{pc
|�ew{]� cfm@s�­3g]bfmÊ��s���{�ef�]�-¡�|�z@{pc�n�c'�Z{��@qouÊir{�z�cwntzI�7s
cfm7s5a3{C{]c
�7bfn�z7yFcfm@s5{�qou´bf{p|oc®�&gpewsªntzºcfm@s� Z©�} ¦
��{KuK�@qts m@s�z7i�s��Z{�ef±Cntz@y�ntz�g�|?gpntq-bfgp|�s.��{Cu@sp�
l&m@s� Z�K����g�b;bfsrc;cf{Ti�{]zIcfew{]q]cfm@nobXa3sPi�gp�3bdsZn£c1m7g]u�cfm@s
�J{�bwbdnta@ntqtn�c®�R{]|.ews�aJ{C{pcwn�z7y
cwm@sO} ~��+�vn�cwm@{]�Kc�aJs�ntz@y
g:°�sBircfsPu�aC��n�cB�
` bd�JsBi�ntg]q�g]qty]{]ewn�cfm@� ��g�bRu@sBbfn�y�z@sBu�{]z�cwm@sF Z�K�
�Kcwn�qtnt¤�ntz@y�g���gpcwihm7uK{�y@�@l&m@s�g]q�y�{]ewn�cfm@��nob�n�qtqt�7bdcfehg:cwsBu
ntz�¶3y]�@ews��B�K�
l&m@s´ntz@n�cfnogpq�bdcwgpcfs´{p|§cwm@s»ir{�z@z@sBircfnt{]z¬�E �} ©xl��
ntzF¶7y]�7efs5�P������g�b�qt{:�²ntz7u@ntiBg:cwn�z7yRcwm7g:c�cfm@sª¦R���
bfm@{]�@qou³aJ{I{]c5|�ew{]� cwm@s={�efnty�n�z3gpq�bd{]|oc®��g]efs]� �½m@s�z
cfm7s� ��K�µ�3{:��s�ehb��@�«cfm@sR} ~��Âcwm@s
¶7ewbdc�cfnt��s�cfm@s
} ~����Z{��@qouOcfm@sBefs�|�{]ews�a3{C{]c'|�ew{]�  #©�} ¦ª�x`^b'cfm@s

PORT X  = 0

(PORT X status is programmable via I2C)

TURN ON OBC

START TIMER

YES

SET PORT X = INV. PORT X
TURN OFF OBC

WAIT X SEC.

RESET TIMER

NO

YES

(RESET FROM OBC)

TIMEOUT?

TIMEOUT?
NO

(RESET FROM OBC)WAIT

WAIT

TURN OFF OBC

WAIT X SEC.

BOOT from flash memory:      PORT X = 1

BOOT from PROM:                PORT X = 0
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