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SUMMARY

The McTronX research group has conducted extensive research concerning Active Magnetic
Bearings (AMBs). This research involved the establishment of an advanced AMB laboratory to aid
in assisting industries that implement AMBs in their applications. This year the McTronX group’s
focus shifted toward the development of an AMB system to be implemented in the Pebble Bed
Modular Reactor (PBMR). The AMB system was designed to be used in a helium blower

application. This involved the development of both the mechanical and the electronic components.

The main goal of this AMB system was to develop a completely digital integrated controller which
is responsible for the control of the AMB system, from here on referred to as the AMB drive and
electronic system (ADES). The need arose for a totally digital system to increase the reliability and
robustness of the ADES. These requirements are crucial in a nuclear environment. In order to
develop a totally digital system a new issue had to be addressed. This involved the

implementation of digital communication.

This project involved the development of a communication sub-system for the ADES. The
communication system was divided into two sections, the internal and external communication
system. The various interfaces were identified as well as their specifications formulated. The
optimum solution was then selected for each of the interfaces by using a design process that

involved comprehensive trade-off studies.

The external communication system and the internal communication system were specified and
the necessary hardware was procured. An in-house developed protocol was developed and
implemented between the internal functional units of the ADES. The designed protocol adhered to

the specific needs of an AMB application.

The protocol was extensively tested by carrying out verification and validation tests and
evaluation plans. The test and evaluation plans for verification were carried out by making use of
simulations and laboratory experiments. Validation of the in-house developed protocol was
carried out by analyzing the internal communication system whilst the ADES was controlling the
bearing module. During this phase the communication system was also subjected to error

conditions.

The protocol proved to be completely functional, robust and reliable, meeting the performance
specifications and the requirements. During this project a foundation was laid for digital

communication in AMB systems in the McTronX research group.



A communication sub-system for the ADES

vi



vii

ACKNOWLEDGEMENTS

I would like to acknowledge the following people:

e My loving husband (and colleague), Gordon Gadney, for all his support, encouragement and
advice during the good times and the tough times. He is my inspiration and without him
this would certainly not have been possible.

e My two supervisors, Prof. G. van Schoor and Prof S.R. Holm for their gquidance.

e Jacques Jansen van Rensburg my assistant supervisor.

o Rikus le Roux my dedicated colleague who fought this battle with me every step of the way!

e Andre Niemann and Dewald Herbst my colleagues and co-workers on the ADES project.

o Eugen Ranft my project manager.

o Jannik Bessinger and Kristoff Vosloo for their work on the RDS.

e My family for their ongoing support through my studies.



viii

A communication sub-system for the ADES



ix

Soli Deo Gloria

“but those who hope in the Lord will renew their strength. They will soar on wings like eagles; they

will run and not grow weary, they will walk and not be faint. Isaiah 41:31”



A communication sub-system for the ADES



xi

Contents
A communication sub-system for the ADES..........cccoevruvviirerennsnicennns 1
DECLARATION .uutiiinitiiessesiisssesesissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes iii
SUMMARY ..cotititiestitissesesssssssesssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssenes v
ACKNOWLEDGEMENTS.......outiintctciisisnssssssssssessssssessssssssssssssssssssssssssssssssssssssssssssasss vii
LiSt Of fIGUIES ettt bbb XX
List Of tables ...ttt ane xXxvii
List Of abDreviations........eeeeiicictteee s eaene Xxxi
LiSt Of SYMDOLS....ucuiiiirciititititiiiiiiiinnssssssesssssessssasssssssssssssssssseas xxxiii
CRAPLET T cuuerririririrnniniiiinnisisiinssiisetssssisesesssssssssssssssssssstsssssssassssssssassssssssssssssssessassssssssssssassssssssssssssanes 1
T INEPOAUCHON ottt bbb bbb b nen 1
1.1  The digital PhenOmMENOM . ...t sssssssssssssssassssssssasassnes 1
I 5 710l 34 {017 1 4 U O 2
121 ADMBS ... 3
122 ADES o 4
123 Proposed system StruCture ...........cocciuriiiiiiiiicicicccc s 4
1.3 Problem statement.........eeininininininininineineniesssss s e sne 5
1.4  Issues to be addressed and methodology .............ccu.... 6
14.1 Literature stUdY ...t 6
142 Conceptual deSigh ..o 7
143 Detailed deSign ........ooeiiiiiiiccccccc s 7
1.4.4 Verification and validation.........c.coceeeirreniiininiinincnccneenenrctrrcteee et 8
1.5 Dissertation JAYOUL ... sssasss s s sases 8
1.6 CONCIUSION ittt s s s s s s s s e s s bbb bbbt 9

CRAPLET 2 ..ttt s b s b bbb bbb bbb bbb e 11



xii

2 Literature StUAY ......cviininiriniiniiinniiiinsiinniinsiiinssiissssissssssssssssssssssssssssssssssssaes 11
21 INEPOAUCHON ettt se s ssssssae e ssssssssesesssssnesenens 11
22  Electronic communication SYStems .........ccceevuieererennsnincesennsnencnnnnns 12
2.3 Analogue tranSmiSSION....uiirceniiisisnsiiisisnniisisisssaisisisissssssisssssssssissssssssssssssssssssssssssssssess 13
24  Digital cOMMUNICAION . ... sene 14
2,5  Analogue versus digital communication ..........cceeeueueucncne 14
2.6 Analysing and designing a communication system .........cocecveeurrrncrenees 14
2.7  Digital communication SYStemM ... 15

2.7.1 Digital transmissSion ..o 15
272 Data tranSmiSSION ......cociiiiiiiiiiiiiiiiii s 17
2.7.3 Data transmission tOPOLOZIES..........ccvuvuruiuiiririiieiiririecctr et 19
274 Electrical interface Circuitry ..o 20
2.7.5 Data signalling rate, data signalling frequency and data transfer rate.......................... 22
2.7.6 Data transmission standard ...........cccooiiiiiiiiiiii 23
2.8  Open Systems Interconnection (OSI) reference model.......................... 24
2.9  Data transmission standards ... 25
29.1 RS 232 ottt 26
292 RS 422 s 26
293 RS A5 ... e 28
294 Serial peripheral interface (SPI)........ccccoeeiiiiicininiiiciiecte et 29
295 Universal serial bus (USB).......cooeeiiriiiniriecincerenetne ettt 30
2.9.6 Low voltage differential signalling (LVDS), LVDS — multi point (LVDM) and ........... 31
Multi-point LVDS (M-LVDS) ..ottt 31
29.7  PCIl and CompactPCI (Peripheral Component Interconnection).............cccccevvurrurununnee. 33
29.8 Comparing local bus SOIUHIONS ..........coveviiiiiiiiiii e 33
299 ProfibUus .....cviiiiii 37

210  Limitations Of DUSSES c...uueeeeeeerrreesrureerreessveessseesssseessssessssesssssesssssessssasssasesssssessssesssasessssssssasasssnns 38




xiii

2101 AteNUAtION....coiiiicicic s 39
2002 JIHEET o bbb 39
2103 DIifteiiiiii st 40
211  TranSmiSSiON JiNeS ....ceeeeerieerereneneieeeeeeeeee et s s se s s s s sass s s nens 40
2.11.1  Types of transmission LINeS ...........cccceiuiuiuiimiiiiiiicicccccccicctse i 40
2.11.2  Transmission line MOdelling........cccceoinirieiiininiiieiiinectece e 43
212 Communication systems evaluation ..........eceeenencnenes 46
2121 PhySical Jayer ... 46
2.12.2  Protocol analysis (data Nk layer) .......cccoveeeinnirecininiecinecieecnceeeee e 49
2.12.3  Transmission line analysis.........cccccoviiiiiiiiiii s 50
213 Critical Jiterature TeVIEW ... bssssesssessene 50
204 CONCIUSION cucueirrreiriisissnisissssissssssssssssssssss s s s s s s s s s s s e e s e s s s s e s e s s s b s b e s b s b saebsasasbsasasnene 52
(@11 013 i S 53
3 Conceptual design of the total communication system .............ccoeeeeeerurnnicrcncncncncnnes 53
3.1 INtIOAUCHON ettt a s bbb bbb bbb bbb bbb ene 53
3.2  ADES reqUirements OVEIVIEW.......uiveririiriinnisinsiieniissiisnisissiisississssissssssssssssssssssssssssessssssssses 53
3.3  ADES architectture OPtionS......ciircririntiintiitnitniinciiscissiissiissssisssisssisssssssssssssessss 54
3.3.1 Pros V. COMS c.uouiiiiiiiiiiicic s 58
3.3.2 Final architecture SeleCtion...........coeceeveuiririirieueninieirietreerctee ettt 58
3.4 Communication system reqUIirements..........cvvneererenininscesnsisnseesnsissssesessssssssesssssssesesens 60
3.5 DESIZN PIOCESS weucreerririreiinnirisiisnssisisiisnssisisismssssisisismssssssssssssssssssssssssssssssssssssssssssssssassessssssssssens 60
3.6  Internal interface identification........eeeceecicce 61
3.7 Engineering trade-off study.......eieiiiiiicc s 61
3.8  Trade-off study fOr IFL T.....niiiiniiiiiinniiiinnceisnscesinsssssesssssssssssssssssssessssssssssens 62
3.8.1 ReqQUITEMENLS ...ttt 62
3.8.2 Identify viable data communication alternatives...........ccoceeeeinrricricinnereicinneeeeinnes 65

3.8.3 Proposed communication SYSteIMS. ........ccveuieiicuiuriiiniicciccecee e 67



xiv

3.84 Define objectives and values.............cooiiiiiiiiiicccc 71
3.8.5 DeCiSiON CIIteria ..c.coviviiiiiiiiiiiiiiiicic e 71
3.8.6 Assign WeIght faCtOTS.....c.eviuiiviiiiiiiicc e 72
3.8.7 Utility FUNCHIONS ...ovviviiiiiciiiics e 72
3.8.8 Evaluating alternatives ............ccccovieiiiiiiiiiiii e 72
3.9  Trade-off study fOr IF 1.0u..iiiiiecccccssssssssssesssssesesssssssssssesens 76
3.9.1 ReqUITEMENLS ...t 76
3.9.2 Identify viable data communication alternatives...........c.ccooeeieiniiiiiiiccs 78
3.9.3 Proposed communication SYSTEMS.........cccvvvvurueiiniririeieiririeetrrereteee et 80
3.9.4  Define objectives and values...........cccocvuviviiiiiiininiiiiii e 81
3.9.5 Evaluate alternatives ... 81
3.10 Trade-off study fOr IF 1.2.....uiviiiirnniniiinnniniiinnciiiniscnsiisessseissssssssssssssssssesssssssssens 83
3.10.1  ReqUITEMENLES ....ccvoviiiiiiiiieicntcccec e 83
3.11 Trade-off study fOr IF Td...niiiiiniiiniieniniiinnsisisiissssisisiissssiisiississssssssssssssssssssesens 85
3.12 Trade-off study fOr IF L.5...iicccictnssssssssssesssesesesssssssssesens 85
3121  ReqUIreMeNt ..ottt 85
3.13 Trade-off study fOr IF 1.5...uniiiriinininiiiniiiniinnsisisiissnniisisissssiiisissssesssmssssesssssssssesens 86
3.14 Trade-off study for external interfaces.........vviverisererenserecccnnnes 86
3.14.1 Interface identifiCation ..........cccccoviiiiiiiiiiiniiiiii s 86
3.14.2  Requirements for IF6.0 (Maintenance port)..........cccccoeveiriiiniininininininiiececccnaee 86
3.14.3 Requirements for IF 7.0 (ADES and SCADA)........ccccccmmeiinnneienreicseeeesesenens 88
3.144 Requirements for IF8.0 (Remote access).........coviviriiuiinininiiiiiininiciies 89
3.14.5 Identifying viable data communication systems & screening alternatives................... 89
3.14.6  Proposing different communication SYStemS ..........cccceeurrueriiniriniericinnneriireeeesenens 90
3.14.7  Define objectives and values...........cccccvuviiiiiniiininiiiii s 93
3.14.8  DeCiSION CrItTIA ...ovouviviiiiiiiiiniiiiiiiiccc e 93

3.14.9  Assign Weight FACOTS ....c.cccovivieiiiiiiiciiiiiccrccctete e 93



XV

3.14.10 Utility FUNCHONS ..ottt 94
3.14.11 Evaluate AIEIrNatives .......cccev ittt 94
3.15 Final communication SYStemM.......iiiniiiiiicnissssssesssesesesssssssssesesens 95
3.15.1  Internal iNterfaces ... 96
3.15.2  EXternal INTEIfaCeS ....c.coeuevirueririeinieinictnctete ettt ettt ettt ne e 97
316 CONCIUSION uueeeectiitirctciintitceinsceissseeisssseesisssssesssssssesssssssssessssssssssessssssssssessssssssesssess 97
CRAPLET 4 ...oueerriririeniininiinnniseeinsaeisssssesissssssststsssassssssssssasssstassssasssstossssassessessssassessessssssssssssssssssens 99
4 ADES internal digital communication system design .........oeuvueuiririucicnnisnsninnnnnnen 99
41 INtrOAUCHOMN ettt sas s s s s s s s s s s s s s ssssesssesssesasasenes 99
4.2 HaIAdWATE ..ttt bsse bbb bbb bbb bbb bbb bbb bbbt 100
4.2.1 Master node (PMC MOAUIE).......ceeiririiriiieieieeetrt ettt sttt se s e sae e e enees 100
422 AXM-DO03 digital mezzanine module............ccooviiiiiiiiii 101
423 SCSI CADIE........oiiiiiii s 101
424 Termination Pamnel ..o 102
425 SBC (CPCIL MOAUIE) ...ttt st se ettt e s e e seesessessessessensenenns 102
4.2.6 Profibus OPtiON........cooiiiiiiii e 103
4.3  Protocol functioning.........iieninnniiniinnniiiiissssssssssssasie 104
44  Internal communication data flow path..........inninnncninene 105
45 Communication tMING ......iiiiiinniiciiniiiiiiiisesessssssessssessssessassses 105
4.6 Protocol JAYETs ......cuceviviieireeniiinitinitineeise e sse e s b s nes 106
4.6.1 PhySical [AYer ......c.cooviiiiiiii e 107
4.6.2 Electrical Specifications..........ccccveveiiieieiiiiiic e 107
4.6.3 MO ... 107
4.6.4 Cable SeleCtion..........cccuiuiiiiiiiiiiic s 107
4.6.5 GIOUNAING ..ottt 108
4.6.6 DIIIVETS ..ttt 109

4.6.7 Termination OPONS ..o 110



Xvi

4.6.8 BIASING ... 110
4.6.9 [SOlation OPHIONS......ccoviiiiiic e 112
4.6.10 Connector types and pin CONNECHONS. .......cccivirurreriiririeieriirieete et 112
4.611  ENCOAING cviviiiiiiiiiiiiiiici s 112
Z S/ D F: 17 10§51 7 5 O 113
4.7.1 Framing ... 113
4.7.2 Medium access CONETOL.......cciiierieiriririereteietetr ettt ettt et be et sae et 115
4.7.3 EXTOT d@tECHION ..ottt ettt ettt b et e 115
474 ETTOT COTTECHION ...ttt ettt s 116
4.8  Protocol IMplementation.........iiiiiiiinsmmss 116
4.9  Basic functional BDIOCKS......ccoviiiniiinininiieinicnincsencstncsssscssssstsasstsacstsaesssssssssssssnsssssssanss 118
49.1 Design of UART receiver entity ...ttt esessnenenen 118
492 Design of UART transmit @ntity........cccccocoiviiiiiiiiiiiiiicccccccccccccccnnes 119
49.3 First In First Out (FIFO) .....coooiiiiiiiiiiiiiiciictcctce e 119
494 Dual Port Ram (DPR) ...cc.couiviieieieieiseseieteteeetet ettt ettt ste et ee s sessessesseeenees 120
4.9.5 CROC fUNCHOMN .ttt ettt ettt sttt st sb et s e se e ne 121
410 S1AVE NOAES ..cerrinrriurriincnnitsctsestsestsssstssstesssssstessssssstssssssssssssesssssssssststssessessssesssssnsasessssss 124
411 Communication CONEIOL......cevirvievinuinuisnniirininisisnnstnisisisissisassesstsssssssssssssssssssssssssssssssssssssens 125
4.12 ISensorboard and main controller interconNection..........cecvvcrncsnirnisssisessescsscscnns 125
12T DPR ettt ettt ettt sttt ettt b ettt b et b et b et b etk et et et e st e e benesaenesene e 126
4122  UART-top level MOAUIES .......cociviiiimiiiiiiciictc et 126
4.12.3  UART controller module (ISensorboard)........c..ceceeeviereererereneninenieneeneneneieeeeeeenes 126
4124 UART controller module (Main controller) .......c..coccoeveveirenenineneneineneneeeeeenes 127
4125 Communication controller MOdUles.........cccoecerevrerrerinernieeneencere e 127
4.13 ISensorboard communication CONIOLIET ........cceiviviirinenriunisnisinisinisinisinseisseesssessssenes 127
4.13.1  TX state MAaChiNe.......ccceiiiiriiiiieie ettt ettt ettt sttt eaes 127
4132 RX State MaChine......coeeviemirirminieiinieieteietrtctrie ettt ettt a et s sae b e 130



XVii

414 Main controller communication CONIOLLEr.........iririvenriiirinenriniirenesriiiisnssisiiesnsssseaennes 132
4.14.1  Main controller state MACKINE........c.cceuieiriieiieireee e 132
415 Power amplifier and Main controller interconnection...........cceeueuereuerinencninsncnsesnensnsnennes 133
4151 DPRS e 134
4152 UARTHOP-1EVEIS ...ttt 134
4.15.3 UART controller (main CONEIOLIET) ......c.ceverueieirirerieieteteeeestesteete et eve st sseee e neenes 134
4154 UART controller (power amplifiers)..........ccccoeeveieieiiieieiiiiciicec 135
4.15.5 Communication controller MOdUles..........ccocccvieireeinecinicniireeereeee e 135
416  CONCIUSION ettt sese s s sesssssssesessssssssssessanes 135
CRAPLET 5 coverrriririinnininiieinisiiesisssiiessssssiiissssssesisssssssssststssssssssesssssssasssssssssssssesssssasssssasessssssssnsenens 137
5 Verification and validation of the communication sub-system...........ccceueurvrueuercnenes 137
5.1 INIOAUCHON ettt ss s b s bbb bbb bne 137
52  Test and evaluation Plans ... 139
5.3  Test and evaluation plan for verification.........ccccecciccsnens 139
5.4  Physical layer verification......iininiiiiiiisss 139
5.5  Electrical standard - and cable selection ...t 140
5.5.1 WaAVELOTIN ... 141
5.5.2 Eye diagrams ..o 144
5.5.3 Characteristic impedance and termination...........cccccocoveviiiiiniiiiie, 150
5.6  Data link layer verification ... 152
5.6.1 Transmission Parameters ..ottt 153
5.6.2 EXTOT TNOAULES ...ttt ettt st 159
5.6.3 ISensorboard and main controller intercONNECtion ..........cccocevveruereivineriericirinnereienneenes 162
5.6.4 Error coNditions .......cceiviiiiiiiiiiniiiiii s 166
5.6.5 Communication timing & synchronization ..., 169
5.7  Test and evaluation plan for validation ... 171

5.8  Physical layer validation ... 171




Xviii

5.8.1 Eye diagram cONStruCtioN.........cccoeieieieiiiiiciicc e 171
5.8.2 Eye diagram construction and measurements ...............cocoeveveininininininininnnn, 172
5.8.3 Eye measurement CONCIUSION.........cceiviriiiiuiininiiiciirceeteecte e 178
584  Impedance mismatch ... 179
5.9  Datalink layer — Lower level assemblYy .......ccovviriecnnirininnnninisesnsniisesnsnneisssnssssesssssses 181
59.1 Validating framing fOrmat .........c.covvueeeiininieiiininiiccicee e 181
59.2 Validating data frames............ccoeoviiiiiiiii 182
593 Validating the CRC cONtroller ... 185
59.4 Validation under error cONditions...........ccociiiiiiiiiiinccccnee 188
5.9.5 Validating timing and synchronization............ccccoccviiiiiiiiiiccccce, 190
510 Communication controllers and validation...........cecceecececccccccccecnennens 193
5.10.1 Data Value estimation..........ccccoueieiiiiiiiniiiiiiiiici s 193
511 Analogue vs. Digital......ccocevivimrniiiiirniiniiiiiinniiiennsessssssssssssssns 199
512 Communication system validation — highest level of assembly .........cccccovvierverrncccennes 201
513  CONCIUSION .cuneeectriirctieiiinencnntisesennsssesensssssessnsssssesssnsssssssssnsssssssssssssssssssssssssssssssssssssens 204
CRAPLET 6 ..cuvneerriririiiinininieiisisiiesisisiissssassesissssssassssssssasassestsssassestassssssasssssssssssssesssssasasssssessssssssssenens 205
6 Conclusions and recommendations..........iiiiiiinicae 205
6.1 CONCIUSIONS ..cuvrirriiriririsinssinsssissssssssssssssssssssssssssssssssssssss s s sssssssssssesssesssssassssssssssssssssssssssssnns 205
6.1.1 The communication sub-system design for the ADES............cccooviiiiiiiniiinnnns 205
6.1.2 Analysis of the designed ADES digiComm protocol .........ccccevueecivininicricennnerccnnennenes 206
6.2 Recommendations for future WOrk ... 207
6.2.1 IMOTOT ATIVE .ttt ettt sttt ettt es 207
6.2.2 Implementation of external communication architecture ...........ccoovueecennrucicinnnnenes 208
6.2.3 Standardizing the ADES digiComm protocol..........ccccccvviviiiviiiniinniniie, 208
6.3  Possible improvements to the internal communication system........c.cecevvccseensnrcrccnnes 209
6.3.1 BERT (Bit €101 Tate tESTET) ..eoueeviireiiieiiriteieriteteieet ettt sttt ettt be st et sbe et 209

6.3.2 W AVELOTIIIS ..ottt e e ettt e e s bt e e s s ettt e e e ssaaeeessssatseessssaeessssssesasanes 209



Xix

6.3.3 Implementation of isolated driVers..........ccocooiiiiiiiiiicc 209
6.3.4 Design of impedance matching Circuit ... 209
6.3.5 EITOT COTTECHON ...ttt 209

6.4 CLOSUT@....ceeeeetrtrteetetstsesetetetss ettt st be s s b s s s et s s s e ettt bt s s st et s s abn s sasanes 209

7 BiblIOGIaphy ..ttt saees 211
APPENAIX Aucrrrriririiinniniiininiiisiiissssiisisssssiissssssssssssssssssists sttt ssasas st sasasas s sasnsassens 217

1 Appendix A.1: Photos of the completed system ...........uevevicrcrircciccnsnnncnsncncninenes 217
Appendix B: Data CD ...ttt 219

1 Appendix B.1:
2  Appendix B.2:
3 Appendix B.3:
4 Appendix B.4:
5 Appendix B.5:
6 Appendix B.6:

7 Appendix B.7:

System requirements specification ... 219
Communication drivers data sheets...........ccoevvrerevrvcrinncrenncrccnnsncnnes 219
CRC ArtiCle ..uuiiiiircniiinniniirciiiniscinesinnessnsssssnsescsssssssssssssessssssessssans 219
Y/ 00 J 4 T« U 219
1\ NS YN o T U 219
Example of Modelsim® test benches ..........eiircriicieenisnsncncncnenes 219

Hardware guides........iiiniincitccciinnssssesesesenes 219

APPENAIX C ettt b bbb bbb bbb bbb bbb bbb bbb bbb 221

1 Appendix C.1:
2 Appendix C.2:
3 Appendix C.3:
4 Appendix C.4:

Power amplifier communication controller .............coueueueuruencnencncnnee 226

Main controller communication cONtroller ......eeeeeeeeeeececerrrvvnnneeenees 228



XX

List of figures

Figure 1-1: The basic operating principle of AMBS [8]........cccccicmreiirnniiirnieeerceeceeeenne 3
Figure 1-2: dASPACE® system cOnfiguration............ccceeeieiiiiiiieiiinieiiececee s 4
Figure 1-3: Proposed system configuration and definition of the scope of this project ....................... 5
Figure 2-1: Model of an electronic communication system [16]. ........ccccovuviviviiininiiiiiniiiiccen, 12
Figure 2-2: Analogue signal and baseband transmission [15]........c.cccoeuviriniiiniiininiiniiiccce 13
Figure 2-3: Analogue transmission using modulation and demodulation [15].......ccccoceiiiininiiinnincns 13
Figure 2-4: Digital signal transmitted over a digital channel [15] .........cccccooviiiiiiiiie 14
Figure 2-5: Asynchronous communiCation...........cocoueueieieiiiniiinininicc e 16
Figure 2-6: Synchronous transSmiSSiON.......c.couvueueueiriririiieinirieieeiireeetresee ettt sae et seaes 16
Figure 2-7: Single-ended transmiSSion ..o 20
Figure 2-8: Differential mode signalling..............cccoeeiiiiiiiiiiiiiiii e 20
Figure 2-9: Differential transmiSSion ...........cccooeuiiiiiiiiiiiiiiii e 21
Figure 2-10: Balanced interface CirCuitry .........cccooovviiviiiiiiiniiiiniiii e 27
Figure 2-11: BUS tOPOLOZY ...cvvviiiieieicicteict s 29
Figure 2-12: Full-duplex bus structure for RS 485 [23].......cccececviriiecinnieiiiirnerciieeecieeeneeeseees 29
Figure 2-13: SPI CONfIGUIAtION ...eviveuiiieiiiiiirieicciireectire ettt sae e s 30
Figure 2-14: USB system architeCture ............coooeoveveieiiiiiiiiiic e 31
Figure 2-15: Signalling rate vs. cable length [14]........cccccoovoiiiiiiiiiiiiii e 39
FIGUIE 2-16: JIEOT c.vviiiiiciiiecct s 40
Figure 2-17: A coaxial cable...........ccooiiiiiiiiiiiiiiii s 41
Figure 2-18: A two-wire transmission LINe............cccoeuieiiiiiiiiiiiniiii e 42
Figure 2-19: Unshielded twisted Pair.......c.cccovueeiriniriiiiiininieiciinectir ettt 42
Figure 2-20: Shielded twisted Pair..........cccoeueieieiiiiiiiiici e 42
Figure 2-21: A microstrip transmission line............cccccocoveiiiiiiiiiniis 43

Figure 2-22: Unit cell representation of a transmission line ...........cccccoovviiiiniinnie, 44



XX1

Figure 2-23: Eye diagram.......ccccooueiiiiiiiiieieieieeeee s 46
Figure 2-24: Data stream with jitter [45]........cccoooiiii 47
Figure 2-25: Sampling point variation [45] ..ottt 48
Figure 2-26: BER graph (bathtub plot) [45] ... 48
Figure 2-27: Modelsim® simulation design ...........cccccoeiiiiiiiiiiiniiiii e 49
Figure 2-28: Digital waveform simulation .........c.cccoveueienniiicnnecieccteeecteeereeeeeeee e 50
Figure 3-1: Interfacing entities of the ADES. ... 54
Figure 3-2: Architecture ©.......ocooooiiiiiiie s 55
Figure 3-3: ATChIteCtUI® 2 ..ottt et 55
Figure 3-4: Architecture 3.........ccooiiiiiiiiiiiiii s 56
Figure 3-5: ArchiteCture 4..........ccoviiiiiiiiiiic s 56
Figure 3-6: ATChIteCTUIE 5 ....c.ccoviiiiiiiiiiiccicc ettt 56
Figure 3-7: ATChiteCtUure 6 .......ccovvviviiiiiiiiiiiii s 57
Figure 3-8: ArchiteCture 7 ........cocioiiiiiiiiic s 57
Figure 3-9: ATChiteCtUIe 8 ......ccooiviiiiiiiiiiciciiecc ettt 57
Figure 3-10: Selected system architecture. ..o 59
Figure 3-11: DeSign Process [A7] ...ttt 60
Figure 3-12: Internal interface identifiCation..........cocoeueecviriiieicininiiicicc et 61
Figure 3-13: Proposed communication System T..........ccccovviiiniiiiininiiiiiccsccen 67
Figure 3-14: Proposed communication SYStem 2..........cccceuvveuiiiinininiiininiiniiicccccccsccsssnene 68
Figure 3-15: Proposed communication SYStemm 4..........c.ccouvurieiecinininieieinininierciinerciieeeseeeseenenesseees 69
Figure 3-16: Proposed communication SyStem 5..........cccccoeveieiiiniiiniiininiii s 70
Figure 3-17: Proposed communication SYStem 6............cccoueveieinininininininiiiiccc s 70
Figure 3-18: Proposed communication SYStEIM 7..........cccuvirurueiecinininieieininiierciireereteseereseseeseenesesseees 71
Figure 3-19: Proposed communication System T.........cccceviiiiniiiiiininiiiicces 80
Figure 3-20: Proposed communication SYStem 2...........ccccoueveueiniiininiiininiiniiiniccccccccsccssnens 80

Figure 3-21: Proposed communication System 3...........ccccooviiiiiiiiiniiininiiiiccccscneees 81



xxii

Figure 3-22: External interface diagram ..........cccoooveieiiiiiiiiiiii 86
Figure 3-23: Proposed communication system T..........cccocoevoieiiiiininiiininiiii e 90
Figure 3-24: Proposed interface with the remote access SEIVET .........cccovrueveciniviniericinneeeicireeecnnees 91
Figure 3-25: Proposed communication SYStemm 2..........ccccuvvvvviiiininiiiiiiniciics e 92
Figure 3-26: Proposed communication System 3............cccooveveiiiiininiiininiiniicas 92
Figure 3-27: Top-level functional architecture of the communication sub-system..............ccccccoceeuee. 96
Figure 4-1: General overview of the master node. ...........c.cccoooveieiiiniiii, 100
Figure 4-2: AXM-D03 mezzanine module.............ocoeeiiiiiiiiininiii 101
Figure 4-3: SCSI cable With CONNECTOT .....c.ccoviiiiiiiiiiciiicctcc e 102
Figure 4-4: Termination panel..........ccooviviiiiiiiiiii 102
Figure 4-5: Single Board Computer (SBC).........cccooiiiiiiniiic e 103
Figure 4-6: Profibus Card .........cooeiiirinieiiiiiieiiinccteeetre ettt 103
Figure 4-7: The communication structure of the system............ccccovviviiiiiiinii, 104
Figure 4-8: Communication data path...........ccccoooiiiii 105
Figure 4-9: System timMINg.......cccccviiviiiiiiiiiiiiiccc s 106
Figure 4-10: Interconnection media - BLDNO841 .............c.cccoiviiiiiiiiiini 108
Figure 4-11: Grounding policy [52] ......ccoceiiieiiieiiieiiieiieieee e 109
Figure 4-12: Failsafe biasing schematic [12].......cccccoeeiiinmiiiiinininieieiirceiineeee e 111
Figure 4-13: Fail-safe biasing circuit [12] ........ccccccoviiiniiiiiiiniiiiiiiiii e 112
Figure 4-14: Data frame ..........cccociiiiiiiiciiccc s 114
Figure 4-15: EXTOT fTaIMIE.......cociiiiiiiiiiicieiiiineeeet ettt ettt 114
Figure 4-16: Frame description .........cccceueiiieiiiiiiieieiice e 115
Figure 4-17: Important units in the functional architecture..............cccocoovvinii, 117
Figure 4-18: Functional architecture of master NOde ..........ccccccivvieieiiinineriinnccccce e 117
Figure 4-19: Graphical representation of the oversampling technique...........c.ccccevvvivniinniiiininnnen. 119
Figure 4-20: The FIFO CONCEPL.....coiiiiiiiiiricieicicicieeee s 120

Figure 4-21: DPR component €ntity .........ccccccviiviiiniiiniiiiiiiiicccneceeesee s 120



XX1iii

Figure 4-22: Graphical representation of the CRC hardware implementation............cccccceoevvernnnen. 123
Figure 4-23: CRC 15 polynomial division Circuit..........c.cococeeieiiinieiiiniiii, 124
Figure 4-24: Functional architecture of the slave nodes. ........ccccoeeicinnieiinnccincccreccnes 125
Figure 4-25: ISensorboard and Main controller communication functional architecture................. 126
Figure 4-26: Transmitter state machine on the ISensorboard.............cccccooveviiinniiniie, 128
Figure 4-27: Receiver state machine on ISensorboard. ...........ccoeevicinnieieninnnecinnecereceeenes 130
Figure 4-28: Communication controller state machine on the Main controller..............c.cccooovennnenen. 132
Figure 4-29: Connection between the power amplifiers and the main controller.............cccccoco...... 134
Figure 5-1: EXperiment SEtUP .........cccoiiiiiiiiiniiiiciccee e s 141
Figure 5-2: Experimental setup in the 1aboratory ..., 141
Figure 5-3: Receiver waveform analysis (2.24 MbPS) ........cccoceuririeiniiininiiiniiiic e 142
Figure 5-4: Transmitter waveform analysis (2.24 MDPS) ...c.ccccuvvereirinneeininneeiirercesee e 142
Figure 5-5: Transmitter waveform analysis (8.31 MbPS) .......cccccceviriiniiniininiiiices 143
Figure 5-6: Receiver waveform analysis (8.31 MbPS) ........cccoceviriiiniiininiiiiiiiie 143
Figure 5-7: Eye diagram at the receiver €nd ..........ccccceivivirieieiinniiieiinicciccce e 145
Figure 5-8: Eye diagram at the transmitter end............c.cococooiiiiiiii, 145
Figure 5-9: Cross section for jitter and noise measurement [65]...........ccccoeveviiiiniiiiiniiinininininiine, 146
Figure 5-10: Statistical properties of eye diagram [42] .......cccccvreeviiinneeninnnccirecereeeeeeeenes 146
Figure 5-11: Eye diagram at the receiver end ............cccccovuviiiiiiiiiiiiii e 147
Figure 5-12: Percentage jitter measurement [68]...........ccooiiiiiiiiiiiiiiiicc 148
Figure 5-13: Eye diagram transmitter €nd ...........ccoeeivininiiieiiinniieiiccecereeee e 149
Figure 5-14: Noise peak to peak whilst the system was Off.............cccooviniiiii, 150
Figure 5-15: Eye diagram of un-terminated transmission lines.............cccocoevevrininiiininiiinnnnine, 151
Figure 5-16: UART transmit simulation 1 ........c.ccccveeivinniiiiinneiiceeieeeereeese e 154
Figure 5-17: UART transmit simulation 2 ..........ccccccviiiiiiiiiiis 154
Figure 5-18: Test bench SEtUP........couiiiiiiiiiiiicicccc s 155

Figure 5-19: Simulation T UART RX .....ccoiiiiiiiiiiiii s 156



Figure 5-20:
Figure 5-21:
Figure 5-22:
Figure 5-23:
Figure 5-24:
Figure 5-25:
Figure 5-26:
Figure 5-27:
Figure 5-28:
Figure 5-29:
Figure 5-30:
Figure 5-31:
Figure 5-32:
Figure 5-33:
Figure 5-34:
Figure 5-35:
Figure 5-36:
Figure 5-37:
Figure 5-38:
Figure 5-39:
Figure 5-40:
Figure 5-41:
Figure 5-42:
Figure 5-43:
Figure 5-44:
Figure 5-45:

Figure 5-46:

XX1V

Simulation 2 UART RX ... 156
Simulation 3 UART top-level ... 157
MATLAB® program calculating the CRC for the 32 bit input message...........ccccccucu.. 160
ModelSim® simulation of the CRC calculation for the 32 bit input meassage............... 160
MATLAB® program calculating the CRC for the 32 bit input message..........c.c.cccuc.c... 161
Modelsim® simulation of the CRC calculation for the 32 bit input message ................ 161
Test bench setup to verify communication controllers ...........coooveviiiiiiiniiinnnnnes 162
UART controller ISensorboard verification ..........cccovviiivniiiinniiiiniicn, 163
UARTcontroller main controller verification...........cccccoovviviviiiiiiiiiiicccccnes 164
Verifying the FIFO RX component..........ccccoviivniiiiiiiiiccccccccccccccecncennes 165
Verifying the remaining section of the state machine ..........c.cccooovovviin, 166
Error response to loss of synchronization signal............c.ceccceceenieiicnncinnnnccinnnes 167
Error response to CRC mismatch ..o 168
Synchronization verification ..o 169
Communication timing during normal operation ............ccccccvvveiceninncicnneecnneenes 170
Communication timing during error conditions. ..........ccccooeiieiniiiiniciccccccenes 170
Eye diagram constructed whilst levitating ..........cccccooevvmiiiiiiicccs 172
3D representation of the eye diagram whilst the ADES was fully operational............ 173
Eye diagram construction and a persistence histogram .............ccocoeoviiiiiiiiiinnnns 173
Eye diagram constructed as well as vertical persistency histogram .............c.cccccoo.e.. 174
Noise peak to peak (fully operational) .........cccoccceiverrieeinnnieeinecineeeeeeees 177
Eye diagram’s sampling WindOW ...........ccoouviiiiiiiiiiiicccccc e 178
Amplitude separation measured at ringing effect .............ccocoovviii 179
Overview of internal communication SYSteML.........ceeeiviririeriinininiecirnecceeeeeeaens 180
Termination of the BLDN cable..........ccccooiiiiiiiiniiiecciec e 180
Termination of the BLDN cable and the SCSI cable ............cccoooviiiiiiiiiiiicns 180
Framing validation .........ccoeeivniiiiiiiniiciicccctenec e 181



Figure 5-47:
Figure 5-48:
Figure 5-49:
Figure 5-50:
Figure 5-51:
Figure 5-52:
Figure 5-53:
Figure 5-54:
Figure 5-55:
Figure 5-56:
Figure 5-57:
Figure 5-58:
Figure 5-59:
Figure 5-60:
Figure 5-61:
Figure 5-62:
Figure 5-63:
Figure 5-64:
Figure 5-65:
Figure 5-66:
Figure 5-67:
Figure 5-68:
Figure 5-69:
Figure 5-70:
Figure 5-71:
Figure 5-72:

Figure 5-73:

XXV

Data communicated between the ISensorboard and the main controller ..................... 183
Data communicated between power amplifier unit and main controller-..................... 184
Decoded X ValUes .........ccciiiiiiiiiiiiiiicc e 185
Decoded Y ValUes ... 185
Decoded Z ValUes ... s 186
Decoded eIror ValUes ..........ccocviiiiiiiiiiiiiiic e 186
Simulation results obtained from sample data 34............cccooooiiiiiiiii 187
Simulation results obtained from sample data 72..........c.cooooiiiiiiiiiiis 187
Decoded Error frame..........ccccooiiiiiniiiiiiiii e 187
Accurate ValUe.........cccciiiiiiiii e 187
Normal OPeration ..........cceieieieiiiiiiii s 188
Response t0 1055 Of SYNC SIGNAL ......cuiiiiiiieuiiiiiciciiccece s 189
Command line indicating that the sync error was flagged...........ccccccoeviviiiiiiinnnns 189
Command line indicating that the CRC mismatch error was flagged..........ccccceeuee. 190
Data received from main controller was corrupted.........ccoeveivnnieccicnnecinnnnccnenn 190
ISensorboard timing during normal operation ............cccoovveviiiiiiiiiiiiccccnes 191
Communication timing between the ISensorboard and the main controller................ 192
Power amplifier response to the sync signal ..........ccoceecivnneiinnicccinccieecen 192
Communication timing between the Power amplifiers and the Main controller......... 193
Communicated ISensorboard values...........cccoouiiiiiiiiiiiiccce 194
Scaled communicated values received from ISensorboard ............ccocoviiiiniiininnnns 195
User interface displaying the position values..............cccocoeveieiiiiiniiie, 195
Raw unscaled true current values received from power amplifier board 1.................. 196
Scaled true current values received from power amplifier board 1.........ccccoeueriinnnnes 197
User interface of true current values...........cocoovvviiiiiiiiiiniiiiniiccccces 198
Communicated reference value............cccvuiiiiiinininiiiininiiiinces 199
ASPACE® SELUP ...ttt et 199



XXVi

Figure 5-74: ADES SEtUP .....ceuiuiiiicicieictcteee s 200
Figure 5-75: Position signal of ASPACE®.............cccooiiii e 200
Figure 5-76: Position signal of ADES ........ccccocoioiiiniiiiiciieetreet e 200
Figure 5-77: Sensitivity analysis setup [73] .......cccocoviiviniiiiiiiiii s 201
Figure 5-78: Sensitivity analysis functional breakdown [46]............cccccoevvniiiiinininie, 202
Figure 5-79: Radial AMB's sensitivity of the X axis .......cccoeverieirrieieiiininciciirncccirecereeeeeenes 203
Figure 5-80: Radial AMB's sensitivity of the Y axis .........ccccoceeieiiiiiiniiiiii, 203
Figure C-1-1: UART receiver state machine..............cccoooiieiiiiiiiiiiiiii 221
Figure C-1-2: Start bit deteCtion.........covueuiiviriiieiiiiiicitrcteer e 222
Figure C-1-3: WaitFirst COUNTET .......cccviviiiiiiiiiiiiiii e 222
Figure C-1-4: WaitBits COUNET ..ot 223
Figure C-1-5: State addition .........ccccccvuiieuiininiiiiiiininiicicetteettse e 223
Figure C-2-1: FSM for UART transmitter..........cccoceiiiiiiiiiiiiiniiiiniiiiiiss s 224
Figure C-3-1: State machine implemented on the power amplifier ............c.cococovvniinniniinnnnn, 226

Figure C-4-1: State machine implemented on main controller .............cccocovvviiininninnie, 228



XXVii

List of tables

Table 2-1: Serial and Parallel data transmission comparison [14] .....cccococeeevvreicinneeecnneecinenees 18
Table 2-2: Data transmission topology cOMPAriSON ..........cccoeveieieiiiiininicini e 19
Table 2-3: Differential transmission versus single ended transmission............cccocoevvvivviiciicinccncnnnen. 22
Table 2-4: RS 232 standard specifications............cccccviriiiiiiiniiiniiii e 26
Table 2-5: RS 422 standard specifications............ccceueieieieiiiniiiiicii s 26
Table 2-6: RS 485 standard specifications............cccccueueieieiiiniiiiiiii e 28
Table 2-7: SPI standard SpecifiCations...........oeueeiviniiiiiiininiiicciineeetre ettt 30
Table 2-8: USB standard specifications............cccoeueveieiiiniiiiiciiicic e 30
Table 2-9: Basic low voltage standard specifications.............ccccoeveirininiiininininniee 32
Table 2-10: PCI specifications [28].........cccceiuiiiiiiiiiiiiiiiiiiiiiii s 33
Table 2-11: Tabulated local bus comparisons [14] ..........ccccovvviiiiiiiiiies 34
Table 2-12: Profibus SpecifiCations ...........cceeieveiiiiiiiiiiiic e 37
Table 2-13: Profibus variants COMPAriSOM..........ccccvuvurueiiriririeieiniieeire ettt sesseaen 37
Table 3-1: Architecture description..........cccoeieieiiiiiiieiiii s 55
Table 3-2: Pros and cons of different architectures...............ccocoovieiiiiiiiiiiiie, 58
Table 3-3: Deciding factors of architecture Selection ...........ccccevvieieieinininieiicinnicctreeceeeeeteeen 59
Table 3-4: Refined functional analysis ..o 63
Table 3-5: Amount of data to be communicated .............ccooveviiiiiiiiiiinii 63
Table 3-6: Data transmission standards.............cccoeeiiiiiinii 65
Table 3-7: SCreening 1........cccoiiiiiiiiiiiie s 65
Table 3-8: SCIEENING 2......c.cuouiiiiiieicieieicieee s 66
Table 3-9: SCIEENINE 3.....ooviviiiiiieiciciir ettt e a et 66
Table 3-10: Viable communication alternatives...........ccovviiiiininiiiiiiic e 66
Table 3-11: RS 485 SpecifiCations .........cccccueveieieiiiiiiieiciie e 67
Table 3-12: TIA/EIA 899 specifications [14] ........ccccceviiiiiiiiiniiiniiiiiiniins 68

Table 3-13: USB2 specifications [14] ..o 69



XXviii

Table 3-14: IEEE 1284 specifications [14] ........ccccccvuiuiiiiiiniiininiiiiiiiisiiiiccc e 69
Table 3-15: Fibre optic SpecifiCations .............coeueieiiieieiiiniiii e 70
Table 3-16: DeCiSiON CIiteria ...c.coueereruerirreririeirieirtetrtctrte ettt ettt ettt ettt se e s b eneene 71
Table 3-17: DeCISION IMALIIX .cveueiriiririiieieieietetetrt ettt sttt ettt ettt et b ettt sttt e st st e st e e aebenaene 72
Table 3-18: RaW SCOTe MOtIVATION. ....cctiiriiriirteieiieirterte ettt ettt ettt st ettt st besbe et eneeneebenee 73
Table 3-19: Evaluation MAtTiX ......c.ceceeeuereririeririeinieinieeneeenteit ettt et s ettt ettt see s s seene 75
Table 3-20: Refined functional analysis ...........c.cccceeieiiieiiiniiiii 76
Table 3-21: Amount of data to be commuUNICAted .......cceoueieirerinieieieierereeee e 77
Table 3-22: SCIEETHNIE T.....vcviviiiieiciciirieicetre ettt et ettt a et ne 78
Table 3-23: SCIEENINEG 2........cucuiviiiiiiiiii s 79
Table 3-24: Viable alternatives that satisfy the go/no go constraints ............ccccooovvvviiinnnnnn. 79
Table 3-25: Evaluation MAtTiX ...c..cceeeeeererrieririeinieirietnee ettt ettt s ettt sae st sa e aeseneene 81
Table 3-26: RaW SCOTe MOTIVALION. ...cc.etitiirieirieiirteirteerte sttt ettt ettt ettt ettt ss et ebeseene 82
Table 3-27: Refined functional analysis ... 83
Table 3-28: Amount of data to be cOMMUNICAtEd .......coecerueuirirriniriiriiercrcec e 84
Table 3-29: CONSETAINES....c.coerireieieieieeiie ettt sttt ettt eb sttt et e bt s b e st st e st et e bt sbesbesbebesaeneeneebenee 87
Table 3-30: Data to be cOMMUNICAEd.......ccevueieiririirierieeetee ettt ettt e 87
Table 3-31: Amount of data to be coMMUNICAtEd .......coecerueuirieiiririiiierreeerec et 88
Table 3-32: SCADA SpecifiCations..........ccceuvuriiiiiiiiiiiiiiiiii s 89
Table 3-33: Remote access CONSETAINES ......cc.evuerieiiiriiniesieieietee ettt sttt ettt sttt e ebe e 89
Table 3-34: Fast Ethernet specifications [48] ........cccovrueiinrniecciniectr ettt 91
Table 3-35: DECISION CIILETIA «..eoveveureeereriiriententetetetet sttt sttt ettt st s bt e et ebe st s b sae e st eneebeebenee 93
Table 3-36: DeCIiSION MALTIX ....ervetenieieeriiriententeteteeet sttt ettt et be st st e s b e et et ebe st s b sbebesaeneeneebenee 93
Table 3-37: Evaluation MAtTiX ......ccceceeeerernieireinteinietneeeneei sttt ettt sr ettt st sa e aeseseene 94
Table 3-38: RaW SCOTe MOTIVAION. ...cc.ciitiirieirteiirteirteente ettt ettt sttt sttt ettt st e et benene 95
Table 4-1: CONNECLOT TYPOS ....voviviitiiiitctcictete et 112

Table 4-2: TranSMiSSiON PATAIMELETS ......c.ccccuvuereuiiririeieritririeieetresete ettt snene 118



XXIX

Table 4-3: XOR truth table ... 123
Table 4-4: Error CONAItiONS .......ccviuiiiiiiiiiiiiiiiii e 127
Table 4-5: Error CONditions .........cccceiiiiiiiiiiiiiiiicccc s 127
Table 4-6: State description Of TX PIOCESS.......cccvuiiiiiiiiiiiiiiiiii s 129
Table 4-7: State description of RX Process ..........ccccceeieieieiiiiiiiiiiiiniicccc e 131
Table 4-8: State description of the communication controller situated on the main controller ....... 133
Table 4-9: Error CONAItioNS .......ccvviiiiiiiiiiiiiiiic e 135
Table 4-10: Error CONAItioNS ........cccviiviiiiiiiiiiiiiiiiiiiii e 135
Table 5-1: Key differences between validation and verification testing ...........cccccecvvuereevernercccnnennes 138
Table 5-2: Physical layer verification ...........ccccccciiiiniiiiininiiiiii s 139
Table 5-3: Verification teSt .........cociiiniiiiiiiiiiiiiiiiii e 140
Table 5-4: Rise time analySis ........cccicrreuiirrieieiiininiieetrenieeete ettt e saene 142
Table 5-5: Rise time analysis .........ccccciiiiiiiiiiiiiiii s 143
Table 5-6: Statistical eye diagram measurements on the receiver end.............ccccccevviiiiinnnicnninnas 148
Table 5-7: Statistical eye diagram measurements on the transmitter end ..........ccccceeveievenncccceinnnes 149
Table 5-8: Data link layer verification............cccoooiiiiiii 152
Table 5-9: Transmission parameters Specifications.............ccoceeveieieieiiiniiiii 153
Table 5-10: Observations concerning the UART TX cOMPONENt .........eeueeviveruereinininuerenenirirercnnineenes 155
Table 5-11: Observations concerning the transmission parameters............c.cccocevvviininninninnnnnn. 155
Table 5-12: Observations concerning the UART RX component............cccceevevvininiiinicininninniicnininnne. 158
Table 5-13: Observations concerning the oversampling procedure............cccooeecevvnuericennncecnnnneenes 158
Table 5-14: Observations concerning the UART top-level............cccocoeiiiiniinini, 158
Table 5-15: Transmission parameters verified............ccocooeeiiininiiici 159
Table 5-16: Components VETified. ........cccoicivriiiuiinniiieiiinicitreeetse et 159
Table 5-17: Variables for 32 bit message test...........cccocvviiiiiiniiiiiiiiii 160
Table 5-18: Variables for 64 bit message test...........c.cccoeeiiiiiiiiiiii 161

Table 5-19: RESUILS fOI CRC £0SES...ccuvviiieiiitiieeeeeeeee ettt ettt e eae e e et e ebeeesaeeessaesensessnnesenneessnessennes 162



XXX

Table 5-20: CRC controller specifications............ccceueveieieieieiiiiiiiicc e 162
Table 5-21: Observation concerning the ISensorboard communication controller ..............c.cc......... 163
Table 5-22: Observations concerning the main controller's communication controller .................... 164
Table 5-23: Observations concerning the loss of the synchronization signal...........ccccceeveiiinininnnee. 167
Table 5-24: Observations concerning a CRC mismatch ..........cccoovvveviiiiiiiiiii, 168
Table 5-25: ISensorboard and main controller interconnection verification............cccocoevveiiiiiinnnee. 168
Table 5-26: Communication timing & Synchronizations specifications ...........c.cccoceeveveieiiniiininnnen. 169
Table 5-27: Requirements to validate...........c.ccooveviiiieiiii 171
Table 5-28: Statistical properties obtained from horizontal slicing. .........cccccovvevecivvneicnnncccininnes 174
Table 5-29: Statistical properties obtained from vertical Slicing ..........cccccovuviviiniininniicie, 175
Table 5-30: Values obtained from random samples ............c.cccoeueieiiiniiiiiiniinii, 186
Table 5-31: COmMPAring FESULLS .........cccviieuiirrieieiiireecrre ettt e 188
Table 5-32: Sensitivity ratings .........ccccoviiiiiiiiiiiiiiiii s 202
Table 3-1: State deSCIiPHiON ........ccucuiiiiiieieieieecc s 227
Table 4-1: State deSCIIPHION ...cccovvveviiiirieiiiiece et 229



List of abbreviations

A/D
ADC
ADES
ADSL
AMB
ARCNET
AWG
B/s
BER
BERT
bps
BRAM
B-SPEC
CAN
CCITT
CMOS
COTs
cPCI
CRC
DAC
DDR
DPR
DSP
EIA
EMI
ESD
FCS
FEC
FIFO
FPGA
FSM
Gbps
GPIB
HD

Analogue-to-digital converter
Analogue-to-digital converter
AMB and drive electronic system
Asymmetric digital subscriber line
Active magnetic bearing

Attached Resource Computer NETwork
American wire gauge

Bytes per second

Bit error ratio

Bit error rate tester

bits per second

Block RAM

B specification

Controller area network
Consultative committee on international telephone and telegraph
Complementary metal-oxide-semiconductor
Commercial off the shelf

Compact PCI

Cyclic redundancy checks
Digital-to-analogue converter
Double data rate

Dual port RAM

Digital signal processor

Electronic industries alliance
Electromagnetic interference
Electrostatic discharge

Frame check sequence

Forward error correction

First in first out

Field programmable gate array
Finite state machine

Gigabit per second

General purpose interface bus

Hamming distance

XXX1



HDL
I/O

12C
IEEE

IF

ISDN
ISO
LIN-Bus
LFSR
LVDS
LVTTL
Mbps
MBUS
M-LVDS
NRZ
OSI

PC

PCB

PCI
PCI-X
PLB
PLC
PMC
PowerPC

Hardware description language
Input/Output

Inter-integrated circuit

Institution of electrical and electronic engineers
Interface

Integrated services digital network
International organization for standardization
Local interconnect network

Linear feedback shift register

Low voltage differential signalling

Low voltage transistor transistor logic
millions of bits per second or megabits per second
Message-Bus

Multipoint LVDS

Non-return-to-zero

Open systems interconnect

Personal computer

Printed circuit board

Peripheral component interconnect

PCI eXtended

Processor local bus

Programmable logic controller

PCI mezzanine card

Performance optimized with enhanced RISC performance computing

Profibus-DP  Profibus-Decentralized peripherals

Profibus-FMS Profibus-Fieldbus message speciation

Profibus-PA Profibus-Process automation

R&D
RAM
RISC
RS
RTM
RX

SBC
SCADA
SCSI

Research and development

Random access memory

Reduced instruction set computer
Recommended standard

Rear transition module

Receive

Single board computer

Supervisory control and data acquisition

Small computer system interface

XXxii



SDRAM
SERCOS
SMBUS
SNR
SPI

STP
TEM
TIA

X
UART
Ul

USB
USS
UTP
VHDL
VHSIC
WAP

Synchronous dynamic RAM

Serial Real-Time Communication

System management bus

Signal-to-noise ratio

Serial peripheral interface

Shielded twisted pair

Transverse electromagnetic
Telecommunication industries associations
Transmit

Universal asynchronous receiver/transmitter
Unit interval

Universal serial bus

Universal serial interface

Unshielded twisted pair

VHSIC hardware description language
Very-high-speed integrated circuit

Wireless application protocol

List of symbols

"= QXX I OSSO

T <=

Capacitance
Efficiency
Conductance
Height
Current
Inductance
Meter
Resistance
Standard deviation
Time

Mean
Voltage
Width

XXX1i1



XXXiv

A communication sub-system for the ADES



