= LATTICE

Automate Stack 3.0 Demo

User Guide

FPGAUGO021811.1

June 2023



Automatg Stack 3.0 Demo ....LATTICE
User Guide

Disclaimers

[FGGAOS YIF{18a y2 41 NNIyGes NBLNBaSydl dA2y X 2NJ Idz NI yKiSS Sa axibil aaRIA y @a G KSR |
F2NJ Fye LI NOAOdz | NJ LIdzNLI2 & S & ' AtHTR - AdY JURNY 2 ONBRIHGIEIRAESNOY /A (OARAEISKE SEatd N RIZSRS NJ {& KU {f 5
NEfe 2y Fye RFEGE FyYyR LISNF2NYI yS8BAMSO: NRRAWADAIAY &322 R) RN YEG S KOE KNBBARSR

.d22SNH& NBaLRyaAoAftAlGe (G2 AYRSLISYRSyGte RSGSNNVAYS @LIN® RdooNi &l aKi2AdiE &R DHB Id

02 yadzy Ol As2AyR WA AIEKNI@AOF t 2NJ Fye 20KSNJ FLILX AOFGA2Y Ay 6KAOK GKS FFAf dzNB 2
RSIFGKZ aS@SNB LINBPLISNI & 2N SYyBANRYYSydlt RIEYF3IS YI2 [2IQ0WINDS ¢{KSY MG ZyeRaed diz
[FGGAOS NBaSNPSa G(KS NRIKG G2 YIS lye OKFIy3aSa (G2 GROSMYT2N¥VIGA2Y Ay

© 2023Lattice Semiconductor Corp. All Lattice trademarks, regidteaemarks, patents, and disclaimers are as listewva.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their regpéatiders. The specifications and information herein are subject to change without notice

FPGAUG021811.1 2


http://www.latticesemi.com/legal

= LATTICE

Contents
y o (007 0 TR N I 1 I L T U0 =Y o S 8
R [ 11 o [0 Tox 1o ) o P PEPRRPR 9
2. DEIMO SYSLEIM SEEUMD....ceetttititittinaa e e e e et e e e e et e ettt et eteeeeteataaaa s e s o e e e e e e e e aaaaatete et eeeeaeseebnbsbabsna s e e e aeaeaeaeaaas 10
2.1, System Level BIOCK DIBGIAM.........uuiiiiiiiiiie ettt e st e et e e e et et e e s e ssbb e e e e s e nnreeeeennnees 10
3. Communication ProtOCOIS (OPCUA)......uuiiiiiiiie ettt e e e e e s e st e e e e e e e e e e e e e aannbnbeees 11
3.1 Main System to Host PC CommuniCaH@IPCUAL.........cooiiiiiiiieiee e 11
3.2, UDP OMIMUNICALION. ... uteieiireeesiieee st e stree e e et e e e ss e e e s s e e e bt e s s e e e asne e s amre e e sane e e snneeesnneeanreeenanneeas 11
N o Fo 0 7 1 P PP TP PP UPR PRI 12
4.1. Hardware REQUINEIMENTS ......cii ittt e et e e s st e e e et b e e e e s aab b et e e s snbbeeeesannbeeas 12
4.2. HAIAWAIE SEIUD. ... ettt ettt ettt e e s e e bt e e e e s kb ettt e e s bbbt e e e s eabbe e e e e snbnaeeeesnnneeees 12
4.3. Hardware SYStemM REAMINESS ........uuiiiiiiiiiie ettt e e e e e et e e e s e b e e e e s b e e e e annees 13
D, SOMWAIrE REQUITEIMENTS ...ttt e oot ettt e e e e e e s e e e et bn b b e e et e e aaaeeesaasnnbbbbneneeeaaaaaeeas 15
5.1, OPLONAl SOMWAIE. ... ..ottt e e e e e e e e s bbb s b e e et eeee e e e e e s e e anabbabeeeeeaeaaaeaens 15
5.2,  Software SYStem REAMINESS.........cccuiiiiiiiiiii e s e e s s r e e e e e e e e s s s s e e e aeeeeeaaeeesanannnns 15
6. Automate Stack File DIr€CIOrY StUCIULE ........coi i ittt eee e e r e e e e e e e s s s s e e e e e e e e e e s eesannnrennneees 16
6.1. ST o1 = ][ USSR 16
G O I |V =11 IR V1 (=1 1 OO PP PP PRP 16
S B Lo T [y (=] o 4 I PP P PP PPPPTP 16
ST €1V L B PP 16
12 T €1 U ) B T OO T PP P P UPP PP PPRTN 16
6.3. (D oo 0] 1T o] e= Ui o] o APPSR PSPPI 16
7. Running the Motor through Automate GUI Application (PC).......ccooiiiiiiiiiieiiieeee e e 17
7.1.  Start the ApPlication 0N HOSE PC.......oooiiiiiiiiiiiiee ettt et e e e e e 17
7.2, CoNNECt t0 the MaiN SYSEML.......ueiiiiiiiiiiie et s et e e s st e e e e nbbe e e e e e nnees 18
7.3. (D= 1] o] o T T= 1o I 1= o P PR OPUERPT 19
AR B N - U= =] g T =1 7o ) o P PP UP PR TRP 20
7.4. (o] (] Q@0 ] a1l 0] =14 o] 1 1< TP TR PPPPI 21
7.5. Target RPM, Voltage, and Drive Status Using the Dashboard.Tah..........ccccooiiiiii s 25
7.6. IMIOTOT SEALUS TEST.....eeeiieiiiieiie ettt e et e s e e e s e e e e st e e e e e e e e s enrne e e e s eennes 27
7.7. Forward/Reverse ROTALION TESL......c.uiiiiiiiiieeeiiere ittt stee ettt e e e et essneesnre e e nnneeens 28
7.8. L 11V - - W @ ] 1= X 1T 30
AR S B T O | [ Tor o 1Y B T - W USSP 30
AR S B2 = - 1 (o o 1 1Y (o o = PSS 34
7.8.3. Details about PDM Data COlleCtioN PrOCESS..........cuuviiiiiiiiiiee ettt e s 36
7.8.4. Collecting PDM Data from a Simulated Faulty Motor Using the Ssitch.............ccccccces 38
7.9. Testing NOAE PEIHPNEIALS........cccce it e e e e e e e e s e e s e rreeaaaeeeaaan 39
7.9.1. Make the Connection in Total Phase Control CeMLer...........ocuiiiiiieeriiie e 40
48 I 7 SO S 42
28 T 1 44
A | o T | o U P UERRUP RSP 45
Appendix A. GUI Application INStallation (PC).........ueiiiiiiiiiee et 48
Appendix B. Programming the Automate Stack on Respective ELASH...........ciiiiiii e, 52
2 I V= U S V7] (=] o SRS 52
7 N\ [o Lo [TV £ (=Y o 1SR 58
Appendix C. Programming a Fresh Main SEB@aAr...........coooiiiiiiiiiiiiiiee e 65
AppendiX D. Ethernet CONNECLIQN..........coii it e et e e e st e e e e e sbb e e e s e snbae e e e e snres 70
D.1. Connection Between Main system and Laptop/RC.........oooiiiiiiiiiiiiiee et 70
D.2. Ethemet Configuration SETHNG.........coeiiiiiiiie ittt e e e et e e e s st e e e e e s abb e e e e e s aabneeeenans 70
D.3. Check the Connection With @ PG ..........uuii it e e e e e e e e e e e e aaas 73
D.4. UDP PaCKEE TIANSACTION .....eeeiiutiiieeeiittieeee e ittt e e s sttt e e sttt ee e e s ssbe et e e s sk be e e e e s asbeeeeeesaabneeeesabrneeeesanbnneeeesanes 73

wwaw. latticesemi.com/legall


http://www.latticesemi.com/legal

Automate Stack 3.0 Demo ....LATTICE

User Guide

D.5. Packet Sender COMMANUS.........coouiiiiiiiiieee et e e s e s sn e e s e e e sn e e e nnneeaa 78
D.5.1. MOtOr CONfig COMIMANTS. ... ..uiiiiiiiiiiieee ittt ettt e e ettt e e st e e e s st et e e e s sabe e e e e s sabbeeeeesaabbeeeeessnbneeeessnnes 78
D.5.2. Recommend Command Sequences to test basic functianality.............ccccccovriiiiiiiiniiincee e 79

ApPENdiX E. TroUDIESNOOTING . .....cco ittt ettt et e e e e e e s e et b b e e e e e e e e e e e e e e e annrnbbeeeeeas 80

E.1. Automate 3.0 GUI TroubIESNOOLNG. ......coi ittt e e e e e e e s e e s e e e eeaaaeens 80
E.1.1. Motor ConfiguEBIN VAIUES @rE Q.......ueeiiiiiiiiiiiiiiiet ettt e e e e e e e e e r e e e e aaaaeeeesaannes 80
E.1.2. Motor Status Tab Failure (RPM Lock Status, Voltage Status and Drive Status.are.Red)................ 83
E.1.3. One of the Selected Motor RUNNING WaAIMING. ......uuuiiiiiiieee e ieescciiiinee e e e e e s s st re e e e e e e e e s s e enannnnnes 83
E.1.4. Did not Receive Response from the Board Wariing..........cceeoiiiiiiciiiiiiiiireeee e ccieieeneeee e e e e 83

AANNBXUNE-A ettt ettt et e ettt e e ettt ta e e e et e ee bt e e e e eeta e e e et e ee b o e e et e e en b e e e et et b e e e e e e enba e e e e e ernn s 87

TeChNICAl SUPPOIT ASSISTANCE. .....cii ittt e e et e e e sttt e e e s st b bt e e e e e bbbt e e e e anbbe e e e s e aabbeeeesannrees 88

REVISION HISTOIY ...ttt ettt ettt e e okttt e e e sa kb e et e e e okt et e e e e ek b et e e e e st be e e e e s anbbeeeeeaasbnneeesanne 89
© 2023Lattice Semiconductor Corp. All Lattice trademarks, regidteaemarks, patents, and disclaimers are as listewva.latticesemi.com/legal

All other brand or product names are trademarks or registered trademarks of their regpéctiders. The specifications and information herein are subject to change without notice

FPGAUG021811.1 4


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 2.1. System BIOCK DIagEaImM........cccuuiiiiiiiiieeee e i s et e e e e e e e e e s s s e e e e e e e e e e s s s sae e et eereeeeeeeeesaannsssanrnnnneeeaes 10
Figure 3.1. OPCUAGHILEVEl BIOCK DIAGIAML.........etiiiiiiiitieiiiiie ettt e et e s s sab e e e e e enbbe e e e e annnes 11
FIQUIE 3.2. UDP 1P €O OVEIVIBW.......ieiiiieieeeeeeeae e e e ettt et e e e e e e e e s s s abab e et e e e eaaa e e e s e s e nabbbbeeeeeeeaaaeeeaaaannnbbnrnneeaaeaans 11
Figure 4.1. System Setup with Host PC (Example with ONe.NOGE) ........ccuvriiiiiiiiie e 12
Figure 4.2. Main SyStem REAAY LEDS........cooo ittt e e e e e e e e e e s e bbb e e e e e e aaaaaeeas 13
Figure 4.3. Node System REAAY LEDIS. ...ttt e e e e e ettt e e e e e e e e e s e e anb bbb e e eeaaaaaaeaas 14
Figure 7.1. GUI ApPliCatioN LOGIN SCEEEBIN......ciiiiee e i et i i ittt e e e e e e e e e s e ee e e e e e eeeeaessa s anbaaae e et aeaaeeesasannnsnsraarrereaaeaes 17
Figure 7.2. GUI Application Dashboard.Tah...........ccciiiiir e e e e 17
Figure 7.3. GUI Agfication System Configuration: 1P AQOIESS........uuiiiiiiiiiie et 18
Figure 7.4. GUI Application System Configuration: Updated Successfullp Pap...........ccocceeeviiiiiiiniiee e 18
Figure 7.5. GUI Application System Configuration: IP Address Configured.SIatus............ccooceeeeiiiiiine e 18
Figure 7.6. GUI Application DashbOard: LISt STALUS..........ceeiiiiiiiiiiiiii ittt er e e e e e e e s e seeeeaeaaeeesesaaaeae 19
Figure 7.7. GUI Application Dashboard: 2 NOdes CONNECIE........ccuiii i 20
Figure 7.8. GUI Application Dashboard: 1 Node Caadedter Refresh........cccccceeeiiiiiiiiiiiiiec e 21
Figure 7.9. GUI Application System Configuration: Motor Config.Eile................oooiiciiiii e 21
Figure 7.10. GUI Application System Configuration: Updated Successfullp.Rop..........cccoocvveiiiiiiiiiiiiiiiiieee e, 21
Figure 7.11. GUI Application Motor Configuration: Node SeleClion.............ccuviiiiiiiiieiiiiiiieee e 22
Figure 7.12. GWpplication Motor Configuration: NOde SeleCte...........c..uviiiiiiiiiieiiiiiiie e 22
Figure 7.13GUI Application Motor Configuration: Configuration Value Changes............ccccovirereeiiiiieie i 23
Figure 7.14. GUI Application Motor Configuration: Warning MESSAG..........uuueririiaaaiaaiiiiiiiieieee et rsereieeeee e 23
Figure 7.15. GUI Application Motor Configuration: AuthentiCationD.........ccoviiiiriiiiiie e 24
Figure 7.16. GUI Application Motor Configuration: Update Configuration.............ccccccvveeeei i 24
Figure 7.17. Motor Config File Saved in HOSLRPC...... ...t 24
Figure 7.18. Motor Config.IXt file in HOSERP.C.........iiiiii e e 24
Figure 7.19. Gl Application Dashboard: Set Target RPIM...........c.uiiiiiiiiiiieeii it 25
Figure 7.20. GUI Application Dashboard: Start/UPAte.............c..eeiiiiiiiiiiiiiiiee et e e 25
Figure 7.21. GUI Application Dashboard: RPM Lock Achieved.StatlsS...........cooiiiiiiiiiieeeeeee e 26
Figure 7.22. GUI Application Motor Status: RPM Lock, Voltage, and Drive.Status............cccuuveiiiieieeieeenen e, 26
Figure 7.23. GUI Application Dashboard: Stop and Power Off BULLONS. ........cuviiiieeiiiiiiiiiiieeie e e e e 27
Figure 7.24. GUI Application Motor StatBart/UPate...........ceeeeeiii it e e err e e e e e e e e e s e e e e e aaaae s 28
Figure 7.25. GUI Application Motor Status: RPM Lock Status When Target RPM is Achieved............ccocoveennnn. 28
Figure 7.26. GUI Application Motor Status: Forward ROtation StAtUS...........ccueeeiiiiiiiiiieiiiieee e 29
Figure 7.27. GUI Application Motor Status: Reverse ROtation SIALUS. ..........ccuueiiiiiiiiiiie e 29
Figure 7.28. GUI Application Motor Status: Motor POWELOff.........ooiiiiiiieee e 30
Figure 7.29GUI Application PDM Data: Path NAIME............ooiiiiiiii e e e e 30
Figure 7.30. GUI Application PDM Data: Updated SuccesSTUHYpPOP.........uuvviiiiieiiiiicciieec e 31
Figure 7.31. GUI Application PDM Data: ColleCt PDM.DALA.............ccoiiiiiiiiiiiiieiieee e e ceccitereee e e e e e e e e e s esanraareeeeeeee s 31
Figure 7.32. GUI Application PDM Data: Collecting PDM Data from NOGE..........cueeiiiiiiiiiiiiiiiiiecieeee e 32
Figure 7.33GUI Application PDM Data: Analyzing PDM Data from NQEe............cooiuiiiiiiiiiiiiiiiiiie e 32
Figure 7.34. GUI Application PDM Data: PDM IMAGE..........coiiiiiiiiiaeiiiiiiee ettt ettt e s ssaee e e e asanee e 33
Figure 7.35. GUI Application PDM Data: Clear Status and MOtOr .SEAtUS.........c.coiiiiieeiiiiiiieeeiieeee e 33
Figure 7.36. GUI Application PDM Data: Browse Button and ZOOmM .SIAEr...........cccuiiiiiiiiiiiiiieeiieeeeee e 34
Figure 7.37GUI Application PDM Batch Mode: Number of PDM fIES..........uvviiiiiiiiiiiiceee e 34
Figure 7.38. GUI Application PDM Batch Mode: Updated SuccessfHINgPOP..........uuviiiiiiieeiiie e, 34
Figure 7.39. GUI Application PDM BatCh MOGE: STAIL.........ccoiiiiiiiiiiiiiiee ettt e et e e s sbeeeee e ees 35
Figure 7.40. GUI Application PDM Batch Mode: Batch Mode 100%0. SLAUS. ........vuveeeiiiiirieeeiiiieee e siieee e sieeee e 35
Figure 7.41GUI Application PDM Batch Mode: Collecting Multiple IMages........coocviiiiiiiiiiieiiiieeee e 36
Figure 7.42. GUI Application PDM Data: NOrMal MOUE. ........coiuiiiiiiiiiiie ittt e ee e 37
Figure 7.43. GUI Application PDM Data: Components Involved in PDM Data Collection.Pracess.............cccceeeunee. 37
Figure 7.44. GUI Application PDM Data: Process Flow for PDM Data Callection.............c.eceiiiiiiiiiniiiiiiiiieeeeeeee 37

wwaw. latticesemi.com/legall


http://www.latticesemi.com/legal

Figure 7.45

= LATTICE

. Three Resistor Switches Tilted Towards the Resistors (Meaning All Three Resistors are Enabled and the Motor is

G T 2 2R E Dottt ettt ettt ettt ettt ettt ettt ettt e A e et et ae et et e e et et e et et e et et e e et et et et es e s et e s s et et ene s rens 38
Figure 7.46. PDM Data collection: Example PDM Image of a Faulty.Matar............cccooouieiiiiiiiiiieee e 39
Figure 7.47. Certus NX BOAHAC CONNECLION. ......ciiiiiie ittt e e e e et e e et e e e e e e e e s aabbb e e eeeeaaaaaeaeaeaaannbebneeeeeas 39
Figure 7.48. Certus NX BOAIBEP] CONNECTION. .......cuuiiiieiitiiiee e ettt e e st e e e sttt e e s abb e e e s sib e e e e s sbbeeeeesabnneeeesannneeeesanes 40
Figure 7.49. Total Phas@dapter Setting (12C)......cooi it e e e e e e e e e e e e e e e e e e e s 40
Figure 7.50. Total Phas@2GSPl SEIECHQN..........coiii ittt e e e siisreeeeeeae e e e e e s snnnnnnneeeeeeeeee e A0
Figure 7.51. @tal Phase 12C CONrOl (I2C)....cuiiii et e e e e e e e e e e e s s s sssnnrnnnneeeeaeeesesessnnnnnnnnsneeeeeneennnn 0L
Figure 7.52. Total Phas&P| Control: SPI ENADIE............ccuviiiiiiiiecc e ssrnnee e e e e e e e ssnnnnnnneenenn . AL
Figure 7.53. Total Phas®C and SPI Control ENaBled.............cooiiiiiiiii e 42
Figure 7.54. Application Softwar@lode PeripheralS: [2WIIIE .......ccooiiiiii el 42
Figure 7.55. Total Phas@ranSaction LOGRC........ccoiuuiiiiiiiiiiiie ettt e ettt e e s st e e e e s ambbe e e e e s anbneeeeeaaes 42
Figure 7.56. Total Phase Aardvark 12C CONrOl.GUL.........cooiiiiiiiiiiiii e e e e e eaeen 8 43
Figure 7.57. Total Phas@ransaction LOGIZ2C.........coooiiiiiiiiiieiie ettt ettt e e e e e e e e e b e e e e e e e e e e e s 43
Figure 7.58. Application Softwar&lode Peripherals: I2ZRead............c.uuueiiiiiii e 43
Figure 7.59. Application Softwarélode Peripherals: STWIILE............c.vviiiiiiiie e 44
Figure 7.60. Total Phas@dapter Setting: Transaction LEBPL............cooiiiiiiiiiiiiiiee et 44
Figure 7.61. Total Phas@dapter Setting: SPI CONIOL........uuiiiiiiiiii e e e 45
Figure 7.62. Total Phas@dapter Setting: Transaction LEEP1.............coooriiiiiiiiiic e 4D
Figure 7.63. Application Softwar&lode Peripherals: SRIead.............cccoiiiiiiiiii e 4D
Figure 7.64. Application Softwar&lode Peripherals: MOADEM/IItE ..........cceiiiiiiiiiiii e . 4O
Figure 7.65. DOCKIiIght COM SEIECHON.........uuiiiiiiiiee e e e e e e e s e s re e e e e e eaeeeeessasnnnrrnnreeeeeeeesd 46
Figure 7.66. USB Serial POrt SEIECHON. ... i e e e r e e e e e e s e e se s st e e e e s e e e aeeeeeesnnnannnensd 46
Figure 7.67. DOCKIIGRIPIOJECT SEINGS. ... .vveiie ittt s bbbt e e e e sabb e e e e sabb e e e e e snbeeee s e anree 46
FIgUIe 7.68. DOCKIGRTIRUN.......ciuiiiiiei ittt ettt e e o bttt e e s sb b b et e e s s bbbt e e e s bbbt e e e s anbbee e e s anbnneeeean a7
Figure 7.69. Application Softwardode Peripheral: MOADUBYIITE. .........ccoiiiiiiiiiiiiie et a7
Figure 7.70. DOCKIGNT PIINTS.......ciiiiiiiiiee ittt e ettt e e et e e e e s a b e e e e e ekt b et e e e st b et e e e aanbneeeeeanbreeeeennes a7
FIgure A. L. INSTaller Dir@CHDE.....cco ittt ettt e e et ee e e e e e e e e e s e s nbbebeeeeaeaaeeesesssnnnrnnneneeeeeeeeseesss A0
Figure A.2. Automate 3.0 INitial INSTAIl SEIUD. ......coii it e e e e e e e ae bbb eeeeeaaae e 48
Figure A.3 AULOMALE 3.0 NEXE STB .....cii ittt e e et e e e e e e st e et e e e e e e eaeeesesaaaanstasaaeeeeeeeeeaessannsnnrrnrenes 49
Figure A.4. AULOMALe 3.0 NEXE STEP......cuuuiiiiiiiiie e e ce s ccrte e e e e e e e s s s s srrrre e e e eeeeeeessssnsssnresssesseeesssssnssnsssseeeneeseeess 24O
Figure A.5. Automate SONCK INSTALL.......cooiiiiiiii ettt e e e st b e e e s sbbe e e e e s snbeeeeenanes 50
Figure A.6. Automate 3.0 INStallation N PrOgrESS. .....oouuuiiiiiiiiii et e e e e 50
Figure A.7. Automate 3.0 Installation FiNISK..............oiiiiiiiii e 51
Figure B.1. Main System JUMPEr CONNECTION.........oiiiiiitiiiiie et e e e ettt et e e e e e e e e e e e bbb e e e eeaeaeeeeaaeaanbnbbnaeeeeaeaeeess 52
Figure B.2. RadiafProgrammer Default Screen (Main SYSEM).......ccoii it 53
Figure B.3. Radiant Programménitial Project Window (Main SYStEM).........cceiiiieiiiiiiiiiiiiiieireeee e e e e e sseitnraeeeeeeea e e e 53
Figure B.4. Radiant Programméddevice Selection (Main SYSIEIML)........cuiiiieeiiii it e e sscrrree e e e e e e snnaes 54
Figure B.5. Radiant Programmédevice Operation (Main SYSEM)........coicuuriieiiiiiiiieeiiiiee e 54
Figure B.6. Radiant ProgrammeErase All (Main SYSEM).........uuiiiiiiiiiiie ittt nbbee e e e e 55
Figure B.7Radiant ProgrammerBitstream Flashing Settings (Main SYStEm).........coocouuiiiiiiiiiiieiiieee e 56
Figure B.8. Radiant ProgrammeBinary Flashing Settings (Main SYSLEIMN).........ccoiiiiiiiiiiiiiiiiiiiieeee e 57
Figure B.9. Node System JUMPEr CONNECHON. ..ottt ettt e e e e e e e e e et e e e e e e e e e aeeeeassaanbbbbeeeeeeaaaeeess 58
Figure B.10. Radiant Programmddefault Screen (NOAe SYSIEM).......uuiiiiiieeiiii it e e eanaes 59
Figure B.11. Radiant Programménitial Project Window (NOde SYSIEM)........uuviiiiieeeiiiiiiiiiiiiieieeeee e e e scsnvvernee e e 59
Figure B.12Radiant ProgrammerDevice Properties (NOOE SYStEM).......ccoiiiiiiiiiiiiiie et 60
Figure B.13. Radiant Programméevice Operation (NOAe SYSTEIML)........cooiuiiiiiiiiiiiee et 60
Figure B.14. Radiant Programmétrase All (NOAE SYSIEIM)........cooiiiiiiiiiiiiiie et 61
Figure B.15. Radiant Programméit Stream Flashing Settings (Node SyStem)..........cceeiiiiiiieriiiiieeeniiiieee e 62
Figure B.16. Radiant Programmdinary Flashing Settings (NOde SYStem).........ccuuuiiiiiiieieiiiieiiiieieeeee e 63
Figure B.17. Reset Button SW3 of CertusPro NX VErsa.BOAL...........cuiiiiiiiiriiiiiiiiie et 63
Figure B.18. Button SW3 of Certus NX VErsa BOAIM...........ccuuiiiiiiieiii ettt e e e e seinineee e e e e e e e e e s e e snnnnnnnnnne e 64

wwaw. latticesemi.com/legall


http://www.latticesemi.com/legal

= LATTICE

Figure C.1. Radiant ProgramméFefault SCrEEN...........cic i e e e s e e e e e e e e e s s s e reeeeees 65
Figure C.2Radiant Programmerinitial ProjeCt WINQOW............cooiiuiiiiiiiiiiiiie et 65
Figure C.3. Radiant Programm@EIeViCe SEIECHION............uiiiiiiiiiie ettt e rnrre e e sneead 66
Figure C.4. Radiant Programm@EIeViCe OPEIatiOn.............uieiiiiaiaiiiiiiiieitee et e e e e e e e st bsbeeseeeaaaae e e s s s anabbsbeeeaeeeaaaaaaaaess 66
Figure C.5. Radiant Programmé&uad Mode Programming.............oou et e e eeeeaaa e 67
Figure C.6. Radiant Programm@EIEVICE PrOPEITIES. .......uu ettt e e e et eeeeeaaaaeee e 68
Figure C.7. Radiant ProgrammEITASE All..........coo ittt e e e e e e e s e e s s b e aeeeeaeaeeea e s 69
Figure D.1. Run the ncpa.cpl to Open the Network Connections Control.Ranel.............ccccovevvevieei e, 70
Figure D.2. EtNEBT SEHINGS. .. uuueiiiiieei i ittt e e e s s e s st r e e e e s e e e e s s s ssnnnnteseeeeseeeasessssssnssnsnsssseseeeessssnssnnsnsennneeeesdd O
FIgUIe D.3. ClICK ON PrOPEIIES ... cii ittt ettt ettt ettt e e e e sttt e e e et b et e e e s sa b bt e e e e s aabbeeeesabbeeeeesaabbeeeaessnbbeeeasanes 71
Figure D.4. Double Click on Internet ProtOCOI VEISION. ........ouuuiiiiiiiieie ettt e e 71
FigureD.5. CoNnfiguIe the SEIINGS ... ..ci ittt e e et e e st e et e e s s bb e et e e asb b et e e s annbn e e e e s annneeas 72
Figure D.6. DiSable the SEINQG.........uu ittt e e e e e e e ettt e e e e e e e e s e abbbb e b eeeeaaaaeeeaesaannnes 72
FIgure D.7. ENADIE the SELHNG. ... ..uuetiiiiiiiie ittt et e e e e e e e e bbb b e ettt e ae e e e e e s s ababbebeeeeaaaaeaeaeaaannnes 73
Figure D.8. PING 0N CMA TEIMINAL ...t eee et e e e e e e e e s e e e e e e e e e e e s s s s ne e beeeeeeeaaeeeesaansssrrnrnnneeeeeens 73
Figure D.9. Downloadabl@nk Of WIr€SharK.............eeiiiiiiiiiiiicciiieeee et e e e e e e s e r e e e s e e e e e s e s s nnnnrnneeees 74
Figure D.10. Downloadable Link of PACKEt SEIMAEE........coiuiiiiiiiiiiee et 74
Figure D.11. DOCKIIGRICOM SEIECHOMN........eiiiiiiiiiiie ittt et e e e e s bbbt e e e s snbbe e e e e s abneeeas 74
Figure D.12. DocklightCom and Baud Rate SEIECHQMN............eiiiiiiiiiieeiiiiiie et 75
FigureD.13. Docklight Run (Start COMMUNICALION)..........eiiiiiiiiie ettt s e e e e e e e sanreas 75
Figure D.14. Wireshark TOAEthernet SEIECHON..........coui it e e e e eeeeeee D
Figure D.15. Packet Sender ToBend 64 Bytes 0f ASCI Characters.........cuvieeeeeiiiiiciiiiiiiieeeee et e e e e 76
Figure D.16. Packet Sender TOBENA UDP PaCKEL..........uuuiiiiiiiiei e e e e s s s r e e e e e e e s s s s aneneeaeaeeaneas 76
Figure D.T. Packet Sender TOOTTANSACHON LA .. .. uuuttieiiiiiiieeiiiiiiee ettt ettt et e e s seb e e e s sbbseeaesannrneeens 76
Figure D.18. DOCKIGRLOGS IN ASCLL......eeiiiiiiiiie ettt e et a et e e s sttt e e s sbb b e e e e e snnnneeeens 76
Figure D.19. Wireshark TOONIIte UP.POIT == 148B.......c.coiiurriiieiiiiiiie ettt e ettt e e e e e s eas 77
Figure D.20. Source and Destination UDP PaCKeL............cccoiiiiiiiiiiiiiiie et e e ssnneeeessnnneee e s €
Figure D.21Wireshark TOO! FirSt UDP PACKEL........c.cuii ittt e e e e e e e e e eeee s 77
Figure D.22. Wireshark Todbecond UDP PaCKEL.............uu i e e e e e 7
Figure E.1. Motor Configuration Values are All.Q..........cooiiiiiiiieee e e e e e e e s e e e e e aae e e s e e enrnraees 80
Figure E.2. Motor Configuration: NOAE SEIECHON. ..........coiiiiieii e e e e e e e e e e e e e e e e e s e s earnreees 80
Figure E.3Motor Configuration: All NOGES SEIECIEM.........cuuiiiiiiieee e 81
Figure E.4. Motor Configuration Value CRanGES...........uii ittt ettt e e e et e e 81
Figure E.5. Application Softwar&lotor Configuration: Warning MeSSAgE..........cceeiiiiiiieriiiiieee et e e sieeee e 82
Figure E.6. Application Softwar®otor Configuration: Authentication Pap............c..uuveiiiiiiiiiiiiie e 82
Figure E.7. Application Softwar®otor Configuration: Update Configuration...............occuuiiiiiiieiiiieeenes e 82
Figure E.8. Application Softwafdotor Status Tab: Red STatlS.........ccuvuiiiiiiie e 33
Figure E.9. Motor RUNNING Warning MESSAQE. ........cccuuuiiiiiiiieeeee e e e et ee ittt tre et eaeeaeeessa st taeereaeaeeesessasssnnsnranneraeaeaeeeas 83
Figure E.10. MOtOr CONNECHION IMESSAUE. ....ccciuuiiieeiiititeee ittt e e s ettt e e e s st bae e e e s s bbe e e e s s nbbe e e e s anbbeeeesanbeeeeeeansbeeeeeanrees 83
Figure E.11. MOtOr CONNECHION IMESSAUE. ....ceeiutuiieeiiiiiteeeeaittete e ettt e e e s et bae e e e s aabbe e e e s s st be e e e s anbteeeesanbeeeeeeansbeeeeeaneees 84
Figure E.12. Send/Receive on ComMmM. ChamNEL.........coiiiiiii it e e e sabee e e e e aae 84
T [0 = B B o o] [T RS T 1] T PP PUUPTTT PP 85
FIQUIE E.LARUN BULLON. ...ttt ettt et e e e e e e o s ok a ekt e b bttt e e e e e e e e e s aannnbbebeeeeeeeaaeesessaansnnbnnneed 85
Figure E.15. ASCII Print StAtEMEBNLS. .......ci i eee e e e e e e e r e e e e e e e e e s s e et e e et eaaeeesesaaasnstasraaeeeeeeeeaessanssnnrrrreees 85
Figure E.16. AULOMALE 3.0 GUlL....coiiiiiiiiiiieiieee e e e e e e e e e e e et e e e e e e e e e e e e s se s taba e e e e eeaeeeeesanannnrnrsnneees 36

wwaw. latticesemi.com/legall


http://www.latticesemi.com/legal

Acronyms in This Document
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Acronym Definition

BLDC Brushless Direct Current

FPGA Field Programmable Gate Array

GUI Graphical User Interface

10T Industrial Internet of Things

IP Internet Protocol

OPCUA Open Platform Communications United Architecture
SPI Serial Peripheral Interface

UART Universal Asynchronous Receiver Transmitter

UbDP User Datagram Protocol
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1. Introduction

The Lattice Automate Stack showcases a variesphtions for industrial automation. The Automate demo uses antend
end system for motor control and ML/AI powered predictive maintenance. However, the components of the Automate
Stack are flexible enough to be applicable for a wide range of induatt@hation use cases.

There are two FPGA systems in the Auton&tieckthe main system and the node system.

The node system controls a motand collectsthe data from the motor for the predictive maintenance neural network to
use The rode systentan connect to external sensors through three different protocols ($RT/Modbusand 12C), and
has tweway communication with the main system througthetConnect

The main system acts as a central hub which passes command$ different node syems. The main system also

contains the AI/ML powered predictive maintenance system, which uses a neural network to analyze the collected data and
predict failure ahead of time. In the Automate demo, this collected data is the current signature of the imatthe PDM

IP block can use any quantitative data for its input if the neural network is trained on the same type of data.

The main system has a RISCPU running FreeRTOS, a real time operating system often used in embedded applications.

All moduledn the main system and the node system FPGA designs are connected to each other using an AXI4 bus interface.
This interface has high throughput and can run at a frequency of up to 100 MHz. It allows parallel data transfer, meaning a
read and a write betwen two modules on the AXI bus can happen simultaneously.

The user interacts with the main system through a GUI running on a PC. The GUI and main system are connected with an
Ethernet cable and communicate with each other using OPCUA, a machimechinepub-sub communication protocol
frequently used in the IIOT (Industrial Internet of Things).
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The Automate demo uses one main system (running on a Certh$PMersa board) and at least one node system (running

on a CertusNX Versa board)t can support up to 16 node systentisis recommendeanlyto run up to 8 node systems for

best performance. Each node system is connected to a motor driver board, which is connected to a brushless DC motor. The
main system holds the predictive mainter@nCNNo-processor.

The main system connects tioe Host PC. The Host PC communicates via OPCUA with a PC running a GUI (Lattice Automate
3.0), through which the user interacts with the motors and receives PDM data.

2.1. System Level Block Diagram

Figure2.1 shows thesystemlevelblock diagram. The Host PC running the Automate 3.0 GUI is connected to the main
system overl standard 1G Ethernet cable. Thmin system running on CertusPNX is connected to the node system over
EtheiConnect

Ethernet 1G

CertusPreNX Versa Board
Main

> CertusPreNX 100k

Free || OPC

Rtos || UA

PDM EtherConnect

I
I
| Host PC running |
| Automate 3.0 GUI :

Host PC connected to the
Main system through
Ethernet 1G

CertusNX Versa Board
Node 1

CertusNX 40k
Motor
—» EtherConnect PDM a— Drive
Board
CertusNX Versa Board
Node 2
CertusNX 40k
L Motor
—» EtherConnect PDM =« Drive
Board
CertusNX Versa Board
Node 3
CertusNX 40k
Lo Motor
—» EtherConnect PDM e Drive
Board
CertusNX Versa Board
Node 4
CertusNX 40k
. Motor
- EtherConnect PDM |« Drive
: Board
v

Figure2.1. System Block Diagram
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3. Communication Protocols (OPCUA)

Automate 3.0 uses OPCUA as a data exchange standard for communication between the host PC and the main system FPGA
board. This protocol is frequently u$én IIOTsettings

3.1. Main System to Host P@ommunication- OPCUA

OPCUA is a croptatform opensource data exchange standard developed by the OPC Foundation. It is frequently used in
industrial applications for machiA®-machine communication. The OPC&tandard can be implemented on various

platforms and is independent of the communication protocol. It was originally developed for data collection and control for
industrial equipment, but it has now scaled to be appropriate for many more use casesirigduiding automation and

cloud applications.

OPCUA has two variations, client/server and publish/subscribe. Automate 3.0 uses the publish/subscribe version of OPCUA.

sends motor status info

< Host PC

Main System Running the
CertusPro NX Board Automate GUI 3.0
(OPCUA Pubsub)

receives motor commands and configuration

Figure3.1. OPCUAigh-LevelBlock Diagram

3.2. UDPCommunication

User Datagram Protocol (UDP/IP) is a communications protocol used for establishing connections between applications on
the Internet. The UDP Protocol is a transport layet tizerates atop the Internet Protocol (IP) Layer and is used for
connections where high sustained throughput is a requirement and some data loss is anticipated, such as video and audio
streaming. This UDP IP core for FPGAs offers minimal latency and didnavérhead since it transmits data packets

without verifying reception and it can support up to 1Gbps for any-dost FPGA operating at 125 MHz.

A simple AXI streaming interface is all that is required to start sending and receiving UDP datagramiy, theduger data

payload is exchanged between the application and the UDP core. The source UDP port, destination UDP port, destination IP
addressand MAC address can be configured throtlyhAPB interface. These components can be easily enabled or

disalded as needed by the user's application.

The core is delivered in a format that allows direct connection to the Lattice 1G TSE Ethernet MAC IP Core.

AXI| Stream AXI| Stream
ETHERNET MAQ¢ p{ UDP IP ORE |« >

Figure3.2. UDP IRCore Overview
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4. Hardware

To demonstratghe LatticeAutomate Solution stack, the below hardware is required. In the current demo a brushless DC
(BLDC) motor is used from Anaheim Automation,usércan use any other BLDC motor which aasnilar configuration.
For the demo to run successfyltile uses needto connect at least one node system to the main system.

4.1. Hardware Requirements

This demonstration requires the following hardware components:
1 Main system:
T [FGGAOSH/ SNIEdwEt NB G f dz2 GA2Yy . 21 NR

T ' {. tewsS! weo OFotS T2 NJYINRYIRNIOVAAIYNE (TKASE D&k G a G NB
1 b2G4SY hyS OFo6tS Oy S§yNBEzZASGRBRYUIRYRNBHRKYWY2RS aeadsSy:
9 9t SOGNAROIT wmMD O HI2]1E52 RYT 9G{K SINFUSKYS Oy EBOGEYY o2 NR 0

L322 NI a 2 fb -/ SNIINED NP2 NRO
T MH = LI26SNIIRFLIGSNI F2NJ 62FNR L2 gSNI
1 Node system(s):
NOTE: Demo supports up to aéde systems. Requirements for 1 node system are listed:
T [FGGAOK- / S8IKEE 9Dt dzZ GAZ2Y . 2F NR6GAD
f mMH 2698 | RFLIWGSNDAO F2NJ 62F NR LJ2 g SN
T 9GKSNYySiG OF o §ERE GRNIGB|WIARAIGSYZ | yR R
T 'FNR@GFN] Lu/k{tL 12ad !'RFLIGSNI G2 G4Sad
1 Motor(s):
T 'YIFEKSAY 1 dzi2YF GA2¢ a0 NHzADRS 6 apBE 5¢/n e (vetNd
f ¢NByT ¢9tnnnu Y202N) O2yGNBf 062 NRoAUL
f HmemA YL 5/ t26SN) {dzZLJLX & F2NJ Y2(U2NDHaAO
1 User interface (client system):
f t/ NzyyAy3a 2AyR264& mn hLISNrGAy3a {&@adSY 2F mMdoun E mny.

FA®8 OKIAYy y2
b2RS LISNALIKSNI

4.2. Hardware Setup

Details of hardwareonnectionsareillustrated inFigure4.1.

BLDC Motor

t

Host PC running

Automate 3.0 GUI Trenz
Motor Driver [« 24;:Pow|~er
I Board PP
board power )

1G SFP

Converter
board power
CertusPro-NX Versa Main Board

Ethernet connection Certus-NX Versa Node Board
to next node board

Figured.1. System Setup with Host PEdample with One Node)
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4.3. Hardware System Readiness

1.
2.

ok w

I F NRgI NB aKz2dz R 0 Sa fORgGASKENEER LINR LISNI & | &
ff 02F NRA aK2dz RKIDYSPH LINBAIYNI FraYtSRa
a. Ifthe userusing a brand new CertusRPiX Versa board, follothe Programming the Automate Stack on
Respective FLASIdctionfor programming.
b. Otherwise, for main and nodgystems refer tothe Programming a Fresh Main System Basgction for board
programming.
t26SN) Oe0tS SOSNE @2FNR FFGSNJI LINPINI YYAY 3
P TH&ME 6 SNJ 02 Of ST NBDBl WEKS odzhy2 aeAYi ®YKS YI Ay aeai
t 245 SNJ) dzLJP&a SIjdzSy OS
a. Power on the Host RC
b. Power on the node system, motor drivend motors
c. Poweron the main system
/| KSO1 GKS YIFAY IyR y2RS aeai
a. Main System:
D67: Main System Power On
D64: Main system ready
D63: Ethernet connection established
b. Node System:
D32 and D34: Link up LEDs
D30:llluminatesif the next node in the chain is connected. (Not needed for the last node in the chain.)
D18- D25: Node system ready
7-segment LED: Node system ready

Note: Wait 60 seconds after power on for these LEDs to illuminate. If the above LEDs are not a#it#dngower cycle all
boards and/or refer to thé\ppendix ETroubleshootingection.

" cres

3
0
Q
2
w
‘
6

C 17 dvn o e
it

Figure4.2. Main System Ready LEDs
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Node system ready

7 segment LED  Link up LED LED D18 - D25

i
R

TP_VCC_IV_PHY
8

ff

@

Rras:
i

54
7
il
TP_VCCA_1V2_CAM
¢ @Das:

C_2v5_PHYFBSECS14
R3E9CB12 &
5]
TP_VCCA_2v8_CAM
Fres. .o
BR402 RIS " s

q
=

= Ton
S ceg

2282
530589

A8
L

3

EEERES
BGOSR

838

SNITTPLT

Figure4.3. NodeSystem Ready LEDs
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5. Software Requirements

1 Lattice Radiant 2022.1 or later

1 Lattice Radiant Programmer 2022.1 or later (part of Radiant install)
The following required sofare programs are available here:
www.latticesemi.com/en/Products/DesignSoftwareAndIP
Lattice Automate program is available here:
https://www.latticesemi.com/en/Solutions/Solutions/SolutionsDetails02/Automate

1 Lattice Automate 3.0 Test Application Software
NOTE Lattice Automate 3.0 is available in OP@&Jpublish/subscribe version.
The software programs are available for download ontlyafuserlog in atwww.latticesemi.com

5.1. Optional Softvare

1 Total Phase Control Center 4.1 or later for testing node peripherals (Purchase may be needed)
1 Wireshark 4.0.3 or later (open source)

1 PacketSnder 8.1.1 or later (open source)

1 Docklight v2.4 or later (open source)

5.2. Software System Readiness
1. 9aGl 0fOARENNIEE O2y @S YY @A A PEBSF 2INBL
a. Follow steps a through ¢ Ethernet Connectiosectionto establish theBhernet connection.
2. D/'L AyadlttraAzy IyR NizyyAy3
a. Refer toGUI Application Installation (P§€5ctionto install the GUI application on the PC (one time)

b. Refer tothe Running the Motor through Automate GUI Application (B&tion to run the GUI application on the
PC (every timéhe userrun the demo)
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6. Automate Stack File Directory Structure

All files can be downloaded frommw.latticesemi.com/Solutions/Solutions/SolutionsDetails02/Automate

6.1. Executables
These filesire programmed onto the main and node FPGA boards.

6.1.1. Main System
1. OYYlFAypaeadSYgpoypndoAry
2. A20UYIAYypaeadSYQPAYLE mdo Al

6.1.2. Node System
1. OYy2RSPpadaldSYPHYNDPOAY
2. a20PyY2RSYPAYLE mPo Al

6.2. GUI

These fileare programmed onto the Host PC.

6.2.1. GU
Automtae3p0GUIl.exe

6.3. Documentation
Automate Stack 3.0 Demo User Guide (thisument)
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7. Running the Motor through Automate GUI Application (PC)

The Lattice Automate 3.0 GUI is developed for users to easily control the badtaviorfrom the host PC. This GUI allows

the user to update motor parameterandcontrol the speed and directions of all the motoffie motorrunning procedure

is defined in this section throughGraphical User Interface/Test Application.

b2¥SC2N) iRYGAESS{Hdz01 odn ! LIIX AOF DA 2y ! LIFHE &IOf il IA BAROKHEZRW I § K $

b2&%SC2NJ LINPINF YYAYT GKS YIAYy &8 aNRPIWIIYWR yy¥E2 RK Sa 8 dii2WwW I ask N
C[1§350bAzy

7.1. Start the Application orHost PC
1. hSy GKS [FTGGAOS 1 dzi2YFGS | LILX AOQOFGA2y ®

qt.gpa.fonts: Unable to open default EUDC font: “EUDC.TTE"

=2 LATTICE

BN seEMICONDUCTOR.

Username “

Password

Login

Figure7.1. GUI Application Login Screen

2. 9y USN) GKS ONHRSW¥AlAI ta IyR Of A0}
PASNYFYSY t£1FGGAOS
thaag2NRY fFGGAOS

After successfubgin, the Dashboardtab opers.

[ Lattice Automate 3.0 - a ®
Actions Help

192.168.1.4 ® Connect Disconnect Refresh
Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals OPCUA Client

Chain1 Linkup
Active Link

Chain1 Synchronization Delay

Figure7.2. GUI Application Dashboartiab
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7.2. Connect to the MairSystem
1L /tA01{B¥GBKS/ 2YiFADINI (GA2Y

[ Lattice Automate 3.0 - X
Actions Help

192.168.1.4 Connect |Disconnect| Refresh

Dashboard Motor Status Motor Configuration | System Configuration | Node Peripherals OPCUA Client

Frame Type Path Name : Automate 3_0\bin |

Node Data Length Number of PDM Files 100
IP Address 192.168.1 .4 PDM File Name pdm

Motor Config File

Figure7.3. GUI Application System Configuration: IP Address

2 ¢ LIS GKS LtLt RRRBWEIHaRY (KS
b2¥S852 y2i GelL)lS tSIFRAy3I | EnFHammSy (KS Lt | RRNBaaszx I a
3. / f AQHI BISLIRI G SR { t1OARA & AMARSR I LitSRF REANBAD E S 2y (2L) 2

Actions Help
192.168.1.4 * Connect |Disconnect Refresh

Dashboard Motor Status Motor Configuration  System Configuration  Node Peripherals OPCUA Client

Frame Type Path Name : Automate 3_0\bin =
Node Data Length Number of PDM Files | 100
IP Address 192.168.1 4 PDM File Name pdm

Motor Config File

B System Configuration b

i Updated Successfully.

OK

Figure7.4. GUI Application System Configuration: Updated Successfuly-up

4. 1 t A QY ya8 O
5. hy@XSt ! RRNPaAd KBy gSYURdRBNE B Y KIS R! RRNBaad o6l NJ RAaL

[ Lattice Automate 3.0 - o X
Actions Help

[ | ® Connect | Disconnect| Refresh

Dashboard Motor Status Motor Configuration | System Configuration  Node Peripherals OPCUA Client

Frame Type 1 Path Name » Automate 3 _0\bin | =8

Node Data Length 1 Number of PDM Files 100

IP Address 192.168.1 4 PDM File Name pdm
Motor Config File

Figure7.5. GUI Application System Configuration: IP Address Configi&atus
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7.3. Dashboard Tab

Click theDashboardab as shown irigure7.6. Thisdisplayshe followingdetails:
I Chain 1 Linkp status

1 Active link status

1 Check the Chaind.nodes synchronization delay

[ Lattice Automate 30 - o X
Actions Help
® Connect Disconnect Refresh
Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals OPCUA Client

Chain1 Linkup »
Active Link 1

Chain1 Synchronization Delay
Node Delay(ns)
1 Nodel 4000

Node 1

®

Main System =

120
Target RP

Start/Update ' Power Off

Figure7.6. GUI Application Dashboard:ist Status
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7.3.1. Refresh Button
Figure7.7 shows theConnected nodeslhe Refresh button can be used to update nodes, if the user is aloeadgcted
and needs to add or remove a node. To test and demonstrate its functionality, follow steyse

15 Lmce Actomate 3

»

Motor ConfiQurabon m ConfiQuraion Node Perighes s

Figure7.7. GUI ApplicationDashboard 2 Nodes Connected

a02¢ySOfi- ad y2RS 2F (KS OKIFIAYy®
- AG T2 N mnl ASORRRAIG]R v ¢
P FGSNI wSTNBEAK O2 WBITAISSIIZI GKEBF (R AXWRIMNRSR y2RSo6aov o
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System Configuration Node Periphersls

Figure7.8. GUI ApplicationDashboard: 1 Node Connected after Refresh

7.4. Motor Configurations

1. It AOT @&KSY / 2V FADANI A2y
2. 1 tA0] 2ydliKSe R ERSINGOG 2N ONBLGS | t20 (A2 5% Iaylagssk SiNGS
AUKES2aGSY SEOSLIWG /Y RNRGSO®

[ Lattice Automate 3.0
Actions Help
. .
Connect Disconnect| |Refresh

Dashboard Motor Status Motor Configuration ' System Configuration | Node Peripherals OPCUA Client

Frame Type 1 Path Name : Automate 3_0\bin | | @
Node Data Length | 1 Number of PDM Files | 100
IP Address 192.168.1 4 PDM File Name pdm

Motor Config File rive/Desktop/0.1.0 | |

Apply’

Figure7.9. GUI Application System Configuration: Mot@bnfig Fle

3. / f A QAdf &
4. | f R@Yi KISLIRF G0 SR { U20niA®a & Fdz t &

E System Configuration X

Updated Successfully.

oK

Figure7.10. GUI Application System Configuration: Up@at SuccessfulliPop-up
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5 / f R@KaS2 G2 NJ / 2yFIAADZNT GA2Y
GKS ydzYoSNJ 2F y2RSao

7

6. { St SO

Lattice Automate 3.0
Actions Help

Dashboard

Number of Poles
Maximum RPM
Minimum Power
Power Gain

Breaker Amps

7. 9AGKSNIES t GOMTF A IdzNB2 @S5 GXKN Hy2RARSGG Ay S y2RS Fid |

i Lattice Automate 3.0
Actions Help

Dashboard

Motor Status System Configuration  Node Peripherals OPCUA Client

Motor Status

RPM PI Control Prop. Gain (kP)

RPM PI Int. Gain

RPM PI Int. Threshold

RPM PI Int. Clamp

RPM PI Control Delay

Default

Connect Disconnect |Refresh

Torque PI Control Prop. Gain (kP)

Torque PI Int. Gain (kI)

Torque PI Int. Threshold

Torque PI Int. Clamp

Torque PI Control Delay

Figure7.11. GUI Application Motor Configuration: Node Selection

Motor Configuration | System Configuration ~ Node Peripherals OPCUA Client

Number of Poles |4

Maximum RPM | 4000

Minimum Power

Breaker Amps

RPM PI Control Prap. Gain (kP) 128

RPM PI Int. Gain (kI)

RPM PI Int. Threshold

RPM PI Int. Clamp

RPM PI Control Delay

Default Update

Figure7.12. GUI Application Motor Configuration:

Connect Disconnect Refresh

Torque PI Control Prop. Gain (kP) 128

Torque PI Int. Gain (kI)

Torque PI Int. Threshold

Torque PI Int. Clamp

Torque PI Control Delay

Node Selected
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8. / KFcy3daS (GKS az2i2NJ /2y FAIdzNI GA2y (2 (GKS F2tt26Ay3a @It dSa

1 RPI PI Control Pro@.ain(kP)90

1 RPIPI Int. Gain(ko

1 RPI PI Control delagb0

1 Minimum Power190- 200

1 Power gain22¢24

1 Breaker Ampsl.8-2.0

b2¥S¢KSasS O2y FAIdzNI (mAr2 y. pB fpdsSmn | WiBa FRNI AINKES Dy f 8d a2 RATE
Y2 U2 N3

[ Lattice Automate 3.0
Actions Help

® Connect Disconnect Refresh
Dashboard Motor Status Motor Configuration | System Configuration  Node Peripherals OPCUA Client

Nodel

Number of Poles |4 RPM PI Control Prop. Gain (kP) |90 Torque PI Control Prop, Gain (kP) 128

Maximum RPM 4000 RPM PI Int. Gain (kI) Torque PI Int. Gain (kI)
Minimum Power 195 RPM PI Int. Threshold 6 Torque PI Int. Threshold

Power Gain 23 RPM PI Int. Clamp Torque PI Int. Clamp

Breaker Amps 18 RPM PI Control Delay 20 Torque PI Control Delay

Default Update

Figure7.13. GUI Application Motor Configuration: Configuratiovialue Changes
9. /| ft AO0PS
10./ £ B QF wdz G
11./ £ A OR®PAEBLI Y Sh aZ DR
12./ 2y FANY (GKS dzLJRI BB KRB E MR WA KS yOROMEN A Z Y

[ piease confirm x

Changing configuration parameters from
default values may result in unstable motor
control or damage to motor drive and/or

motor. Are you sure you wish to change the
motor configuration?

Yes| No

Figure7.14. GUI Application Motor Configuration: Warninglessage
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15.[ 201 4GS

Name

B motor_config

|j test

cnr
[

U

—

(& <

- =
(0p)

Q¢ T
g R

14./ £ R @Y {(SBOS & 4 Fdzf £ &

Username | lattice

Password |eeeesee

dzLJRIF 6 SR (KS

[ Motor Configuration x

Successfully updated the configuration of the
selected node.

OK

QR2A JdzNF GAZ2Y 27F

Figure7.15. GUI Application Motor Configuration: AuthenticatioRop-up

Figure7.16. GUI Application Motor Configuration: Update Configuration

o~

Y202NPO2y FAIDGED

Figure7.17. Motor Config Filésaved in Host PC

FAES YR

J motor_config - Notepad

File Edit Format View Help
number_of_poles-4
maximum_rpm-4000
minimum_power-195
power_gain-23
breaker_amps-1.8
rpm_pi_control prop_gain-9@
rpm_pi_int gain-19
rpm_pi_int threshold-64
rpm_pi_int_clamp-2048
rpm_pi_control delay-200
torque pi control prop gain-128
torque pi int gain-258
torque_pi_int_threshold-64
torque pi_int clamp-2048
torque pi control delay-15@

Figure7.18. Motor Config.txt file in Host PC

GKS Y2(128YO8KTA A QKIS aFaeO8NIASPRI Ay &4GSLI Ho
Status Date modified Type Size
© 07-09-2022 03:18 PM Text Document 1KB
© 07-09-2022 06:26 PM Text Document 1KB
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7.5. Target RPM, Voltageand Drive StatudJsing the Dashboardab

1. /£ A 09 KA NR

2. Q)CUASN:} NES | \?vvdeHcm-é o o ]

b2 W¥WSKd&za ONJ 3IANI RdzFr f f e AYONBIlIAaS U0UKS wta dzLJ 42 HAaAan wta
The following RPM increments are recommende2D, 400, 800, 1400, 1600, 1800, and 2000.

b2 %SKS GMtNB I f dzS aK2dzA R y2i SEOSSR (K 2aNJ E/AZYYHFA Azl (M- 2 yeizS

‘ Main System F

Target RP

Figure7.19. GUI Application Dashboard: S&arget RPM
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[ Lattice Automate 30 _ o 5%
Actions Help

® Connect Disconnect Refresh
Dashboard Motor Status Motor Configuration System Configuration ~ Node Peripherals OPCUA Client

Chain1 Linkup
Active Link 1

Chain1 Synchronization Delay
Node Delay(ns)
1 Nodel 4000

Node 1

®

Main System F

Start/Update | Power Off

Figure7.20. GUI Application Dashboard: Start/Update
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Main System F

Target RP

Figure7.21. GUI Application Dashboard: RPM Lock Achie@atus
5 / f A0q2 GXKN {Hiad (& OKSO| JIKE /wdzMNEB @ f dilt 3RS & ¢
6. { St SO0 ik SH oyld¥EEMIOK SO @
Motor Status: Nodel

‘ RPM Lock Status

Trenz TEP00D2-3

Figure7.22. GUI Application Motor Status: RPM Lock, Voltaged Drive Status
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[ Lattice Automate 2.0
Actions Help
® Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals OPCUA Client

Chain1 Linkup o
Active Link 1

Chainl Synchronization Delay
Node Delay(ns)
1 Nodel 4000

Node 1

®

Main System =

120
Target RP

Start/Update | Power Off ||

Figure7.23. GUI Application Dashboard: Stop and Power Bdttons

Note: ThePower Offbutton disengages the motor power supply completely. This helps to prevent the motor from
continuously drawing current from the power supply.

7.6. Motor Status Test

1. / £ A 042 TN { Hid & dz&a

2. {SG GKS ¢FNBSG wta G2 MHnN

b 2 &S

1 Usescan gradually increase the RPM up to 2000 RPM

1 The following RPM increments are recommended: 120, 400, 800, 1400, 1600, 1800, and 2000.
1 Target RPM should not exceed thtaximum RPM value entered in the Motor Configuration tab.

3. /£ 01 NIk} LRI G S
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lotor Configuration System Configuration Node Peripherals

Collect PDM Data

Packet Type

Batch Mode

Start

Figure7.24. GUI Application Motor Status: Start/Update

4 hyOS GKS | OlGdzf wta NBIOKSa
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5. ¢2 dzLJRFGS GKS wtNHS&GISSBRANaAGHad
6. hyO0S GKS | Olddzrt wta NBIFOKSa @K

SI YilRKMEE &0 [ Rt1O4 = 0 WA & 2YS & X2
K

S GhmiEE &0 [RtO4 = 0K S 2YS D Sz

Figure7.25. GUI Application Motor Status: RPM Lo8tatus When Target RPM i8chieved

7. ¢2 aiG2L) (KSIeadi2NE Of A O
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7.7. Forward/Reverse Rotation Test

1. / t A Od2 XN { Hid & dza
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Motor Status: |Nodel
RPM Lock Status

\
I J Target RPM 1000

__/ Rotation: ® Forward | OReverse

Power Status:

Voltage Status:

Motor Driver Trenz TEP0002-3

Drive Status:

Start/Update | Power Off

Figure7.26. GUI Application Motor Status: ForwarBotation Satus
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5 2FAdG dzyiAt GKS wta [201 adliddza 0S02YSa INBSyd
St SHEOEMEISA 2y (G2 NRBGI G ( ¥
Motor Status: |Nodel

RPM Lock Status

| Target RPM 1000

Rotation: Forward | ® Reverse

Power Status:

Voltage Status:

Motor Driver Trenz TEP0002-3 -

Drive Status:

Start/Update | Power Off

Figure7.27. GUI Application Motor Status: Revers®tation Satus
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9. ¢2 al2L) IKSIHNPRREF 6 SIADF T

Motor Status: [Nodel

V. RPM Lock Status

{ Target RPM 1000

Rotation: Forward ® Reverse

Voltage Status:

Motor Driver Trenz TEPO002-3

Drive Status:

Start/Update | | Power Off

Figure7.28. GUI Application Motor Status: Motor Power Off

7.8. PDM Data Collection

7.8.1. Collect PDM Data
1. /£ A0 &KSY / 2yiFRDANI GA2Y
2. 1t AO0OY zyﬂuxseyat RSNBOG 2NIONBIGS | t20FG02¢Sikry&asBSNA K

(KSR atdsSYy SEOSWLII /Y RNAGSO®

[ Lattice Automate 3.0 - %
Actions Help

Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration | System Configuration | Node Peripherals OPCUA Client

Frame Type 1 Path Name Irive/Desktop/0.1.0 | | =8

Node Data Length 1 Number of PDM Files | 5|

IP Address 192.168.1 4 PDM File Name pdm
Motor Config File irive/Desktop/0.1.0 | | @

Figure7.29. GUI Application PDM Data: Patkame
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E System Configuration *

Updated Successfully.

OK

Figure7.30. GUI Application PDM Data: Updated Successfip-up
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N o ok

Motor Configuration System Configuration Node Peripherals

Trenz TEPODO2-3

Figure7.31. GUI Application PDM Data: Collect PDM Data
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Browse

Packet Type ® Normal Extended Motor Status: Clear Status

=

Figure7.32. GUI Application PDM Data: Cotlieng PDM Data froniNode

Browse
Packet Type ® Normal Extended Motor Status: ® = Clear Status

Qﬂ

Analyzing PDM Data from Node 1

Figure7.33. GUI Application PDM Data: Analyzing PDM Data frode
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Collect PDM Data Browse

Packet Type ® Normal Extended Motor Status: ®  Clear Status

=

zes

Batch Mode

Start

Figure7.34. GUI Application PDM Data: PDM Image
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Packet Type ® Normal Extended

Batch Mode

Figure7.35. GUI Application PDM Data&Clear Status and Motor Status
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Packet Type ® Normal Extended Motor Status:

ﬁ

Batch Mode

Figure7.36. GUI Application PDM Data: Brow&eitton and Zoom Sider

7.8.2. Batch Mode

Batch mode allowthe userto collect multiple PDM images, one after another. First, the user must choose how many PDM
files they wish to collect. After that, the steps are similar to tteandard Collect PDM Data process.
1. /£ A0l &KSY O2yFaIHNRAISFISNI ( KEKY dzY 628N {yT6S20 (T (¢KES a8 a
NI y3I&@n2® 5w FAESAOD
2. LGKS aHB @8I y23G &S0 aStSOGSR I t20FGA2y G2 al @S GKS AYIl 3¢
20 A2y S0 WP IRSOGNBOGRBY T I { GSLI HO
]

® Connect Disconnect| Refresh

Dashboard Motor Status Motor Configuration | System Configuration  Node Peripherals

Frame Type Path Name wsktop/PDM Images | =

Motor Config File Deski ‘Config File =

Figure7.37. GUI Application PDM Batch Mode: Number of PDM files

3./ f A Qua e
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E System Configuration X

Updated Successfully.

OK

Figure7.38. GUI Application PDM Batch Med Updated SuccessfulRop-up
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Collect PDM Data Browse

Packet Type ® Normal © Extended Motor Status: ® |Clear Status

a .

Batch Mode

Figure7.39. GUI Application PDM Batch Mode: Start
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Collect PDM Data Browse
Packet Type ® Normal O Extended Motor Status: ® Clear Status

a :

£

Batch Mode
Start

Figure7.40. GUI Application PDM Batch Mode: Batch Mode 1088tus
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Browse

Packet Type ® Normal O Extended Motor Status: ® Clear Status

Q.‘

Analyzing PDM Data from Node 1

Batch Mode
Stop 40%

Figure7.41. GUI Application PDM Batch Mode: Collecting Multipleages
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7.8.3. Details about PDM Data Collectidrocess

When the user does a PDM data request in the GUI, the request is sent over OPCaIRDahdata command sent
through Ethe@ yy SOG G2 (KS -WEPUyThedmaia sySerndisst comfirnjs/that the motor is running, RPM is
locked, and calibration is done.

The main system creates a frame and sends a packet thitikegtontro/PHY to the node system.

2 KSy GKS y2RS aeadSYy NBOSA QSILPU UK thd RIMDSE Colfeétds to fil2hB BIFODMA G S Y

with data collected from the motor. Whemé FIFO DMA is fulsherControl packet is returned to the main system, using
an interrupt to alert the main system that data is ready.

TheBhernet packet continues making round trips. If the packet ID matches the request ID, then it contains vadiddizta
processed. Otherwise, the packet is discarded.

In both normaland extendednode, PDM data is collected for one node at a tifie node to collect data on must be
selectedin the GUIIn Extended mode, the number of transactions depends on thigeabdes connected in the chain. As
the number of active nodes increases, the number of transactions decreases, hence the time to collect PDM data also
decreases.
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GUI

GUI requests PDM
Data

Main system Node system receives packet. Yes Does
creates Node system uses PDM Data Return ethercontrol packet sent packet ID
ethercontrol Collector to fill FIFO DMA with from node to main match?

Collect PDM Data Browse

Packet Type Extended Motor Status: ® Clear Status

.

Batch Mode
Start

Figure7.42. GUI Application PDM Data: Noral Mode

Node System

Main SyStem RISQ/
Ethercontrol CPU
Ethemet RISG/ CPU R Wires Motor
(Free Rtos) Ethercontrol FIFO PDM Data
DMA Collector

Figure7.43. GUI Application PDM Data: Componerits/olved in PDM Datd&bollection Process

Main system
checks:
motor running,
RPM locked,

calibration done?

Data is processed by
main system and sent
to GUI

packet data from motor

Packet is discarded

Figure7.44. GUI Application PDM Data: Procedsw for PDM Datalollection
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7.8.4. Collecting PDMData from aSmulated Faulty Motor Using theSwitches

7.8.4.1. Introduction andPurpose of theSwitches

Normally, all the motors in the Automate demoashd be working well and not failing. To show the benefits of the PDM
data collection, the Automate demo setup includes three switchascontrol the power resistors connected to the motor.
By toggling these switchethe usercan disable the resistorsd simulate what the motor would look like if it were failing
or faulty.

Each switch is for one phase of the motor. When the switches are tilted towards the power resistors of the motor, this
means the power resistors are included in the circuit and théomshould behave normally. If any single switch is tilted
away from the power resistors of the motor, the resistor is disconnected, and the motor esthilliy behavior. This faulty
behavior may not be observable to a human, which is where the power of PDM data collection comes in.

PDM data collection collects the current signature of the motor. Inside the PDM module, there is a convolutional neural
network that has been trained othe current signatures of good and faulty motors. This setapbe extended to collect

data at regular intervals and send an alert if one of the motors starts to show signs of failing. It is easy to see how early
detection of aproblem can save time and expense in an industrial automation scenario.

Safety Note Only one resistor should be disabled at a time. In other words, only tilt one switch away from the motor at a
time. If two or three switches are tilted away at the sarimd, the motordoes notrotate, and e motorcanbe damaged.

Figure7.45. ThreeResistor Svitches Tilted Towards theResistors MeaningAll Three Resistors areenabled andthe
M2G2NJ A& a3I22RE0

7.8.4.2. ExampleWorkflow to Gollect Faulty PDMData with the Switches
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Collect PDM Data Browse

Packet Type ®Normal ©Extended | Motor Status: * | Clear Status

Q.

Batch Mode
Start

Figure7.46. PDM Data collection: Example PDikhage of aFaulty Motor
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7.9. Testing Node Peripherals
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a. The arrow printed on the board indicates pin 1, so the other pin in the jumper pair is pin 2.

=50

J| D3546=

Figure7.47. Certus NX Boardl2CConnection

A2y S G20WR iU AGKISR2 aWy{ ht>a hashe{ LLIA {& YAY (G KS

3. C2NJ {tL [/ 2yySadi
GKS I NN2§gY

{GFNIa FNRY
Pin 1. MISO (PMOD 1)
Pin 2. MOSI (PMOD?2)
Pin 3. SCLK (PMOD 3)
Pin 4. CS/SS (PMOD 4)
Connect the GND pin to the GND port of the Certus NX Board as shéwuiia7.48.

® o0 T o

© 2023Lattice Semiconductor Corp. All Lattice trademarks, regidteaemarks, patents, and disclaimers are as listewva.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their regpéatiders. The specifications and information herein are subject to change without notice

FPGAUG021811.1 39


http://www.latticesemi.com/legal

Automate Stack 3.0 Demo
User Guide

= LATTICE

x
&
s

Figure7.48. Certus NX Board SPIConnection

7.9.1. Make the Gonnection in Total Phas€ontrol Center

1. h LISy | f

t KFaSo/ 2y iNRt

/| Sy SN

2./t RGIKISRI LAIISONGE y R (R @Y/VS O

" Total Phase Contrel Center v4.1.0
File Help
e a1l |
12C + GPIO Ctrl+2
M SPl + GPIO Ctrl+3
GPIO Ctrl+4
SPI Master Cirl+5 I
f Batch Mode Ctrl+6
12C Pull-ups
Target Power (Pin 4, &)
10 Power (Pin 22, 24 o
Level Shift
MNetwork Preferences Crl+P
Version and License Ctrl+L
Disconnect Ctrl+D
Auto Connect
Upgrade License/Firmware Ctrl+U

Figure7.49. Total Phase Adapter Setting (12C)

3./ 2y T XABBNBIG SNI 1 3SS 23 @iyf/itdLa 2 RS Y

4. | t k@

& Configure Adapter

Configure Adapter

Sedect a port or an IP address:
MName

Aardvark 12C/5P] Host Adapter

Port FW

Direct Hostname or [P Address: |

HW 12C 5Pl GPIO Serial Number
[} 351 3.00 Y Y X 2235-108479 |
Refresh List

Fgure 7.50. Total Phase 12GSPI<lection

Select a Mode

| (@) I2C - 5PI

) 12C -GPIO
() sP1-GPIO
) GPIO Only
(O SPI Master
() Batch Mode

Cancel
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5 { St SQd P KSH/ /Ry H Sl ¢
6. /1t RPlL@f S
Note: Make sure that the physical connection between the Aardvark and PM®@ie nbde board is correct.

@ Total Phase Control Center v4.1.0 - (m} x
File Adapter Help

12C Control Bitrate |10 ~| ki Set | SPI Control Bitrate | 1000 | kHz = Set
Polarity: Phase: St Order:
Master
(@ Rising Faling @ Sample/Setup @® mse
Current Status: Bl O rinorisng O setpfsample Ou=

— Master Slave
Slave Addr: | 0xSA (For Hex: enter "Ox....")

S5 Polarity: (@) SS Active Low () SS Active High

Max Tx Bytes: 5 Max Rx Bytes: |5 MOSI Message

(0 indicates an unlmited number of bytes) 11223344 Send
Message
12 34 Set Resp.
Clear Load Save Clear Load Save

Figure7.51. Total Phase 12C Control (12C)

M@y t L/ 2y H S@ f

7. { St Si
8. /ftRPlrot S

& Total Phase Control Center v4.1,0 - o *
File Adspter Help

12C Control Birate | 100 ~| ki Set | SPI Control Bitrate | 1000 | kHz | Set
Polarity: Phase: Bt Order:
Master Slave.
® Raing/Faling (®) Sample/Setup @® mss
Current Status: Bl O relingiisng O setupfSample Ouss
Master
v Adi: (658 et enter ) =]

Current Status:

et (5  waceees:

(0 indicates an unimited number of bytes)

MISO Message
e 5678 40 52 sethiso
1234 SetResp.
Clear Load Save Cear Load Save

Figure7.52. Total Phase SPI Control: SPI Enable

Pl

K Lu/ lay RQASINIBY IREKGNP f SO [ KByaR¥E & I8 dz2 & R 2«

(o]
[ e o
A
O O(
- ©
o,

[ o=

20
Jo

> O
mt—h
<
~h

N O
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@ Total Phase Control Centervd.1.0 - o x
File Adapter Help

12C Control Bitrate | 100 iz  set  SPI Control Birate [ 1000 ~|kHz = Set
Polarity: Phase: Bit Order:
Master  Slave | .
® Rising Faling ® Sample/Setup ® wms
Current Status: Bl | O relnomisng O setup/sample Ouss
Master Slave
Slave Addr:  0xsA (For Hex: enter "0x....") Disable
Current Status: Enableq
Max Tx Bytes: 5 Max Rx Bytes: 5
(0 indicates an unimited number of bytes) IS0 Message
Mes:
- 56 78 40 52 Set MISO
1234 SetResp.
Clear Load Save Clear Load Save

Transaction Log

Time Mod. R/W WS Feat. BR.  Addr Length  Data -~
2022-09-16 10:54:10.043 12c I2C Bitrate Set to: 100

2022-09-16 10:54:10.114 Pl SPI Bitrate Set to: 1000

2022-09-16 11:00:08.236 12 S DX5A 12C Slave Enabled - Max Bc: 5 Max Ri: 5

2022-09-16 11:03:47.009 el S RSM Pl Ls

Clearlog | | Save toFile

Port 0: Aardvark 12C/SPI Host Adapter 2239108479

Figure7.53. Total Phase 12C and SPI Control Enabled

7.9.2.12C

Write Operation:

Ly GKBYH@OSE oodn bRIRISE t GINNQIKISNK $ a
[ 8

SOR RIFKSOK A& O2yySOGSR G2 (&S ' I NRGIN] Lu/k{tL 12aid
OhG GKS LINRG20O2tY

Ol G KSNRILENF GAZYY

iKS {ftp®S ! RRNBaa H oAlY

iKS 5FGF n O0RK A DPNBY &B8Ha O V2 oMNBRGSD G y &

~ o~ o~

No ogbrwDdE
Z
ra
=N

TS W W
> Cn Cn
2w w v W
Pz
(&)
[N

~ O ©
(0p))

Actions  Help

Connect Disconnect Refrash

Dashboard Motor Status Motor Configuration ~System Configuration  Node Peripherals

Select Protocol 12C Select Operation 'Read ® Write

Slave Address
0x | 5A -

Figure7.54. Application Software- Node Peripherals: 128@Vrite

8. Ly (KS ¢2i0lf tKIF-FaS G22t3> OKSO] GKS GNIXyalOGAzy 230

Transaction Log

Time Mod.  R/W M/S Feat. B.R. Addr. Length Data
2022-09-16 11:15:43.614 12c L3 5 = owsA 1 25

Cearlog | SavetoFile

Figure7.55. Total Phase Transaction Log2C
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Read Operation:
1. 1 aAay3

z

iKS

L' NRGI NJ

(KYSG 5 5 B EE 0 6 2

B SWB1aDHz8 O H

“ Total Phase Control Center v4.1.0

File Adapter Help
I2C Control Bitrate W | set
Master Slave

Slave Addr:

Max Tx Bytes:

Message

Current Status:

Ox5A

5 Max Rx Bytes: 5

(0 indicates an unlimited number of bytes)

(For Hex: enter "Ox....")

Enabled

12

Set Resp.

Clear

Load Save

Figure7.56. Total Phase Aardvark 12C Control GUI

2. | KSOUNKW&E I OlA2Y

t 23
Transaction Log
Time Mod.  R/W M/S  Feat E.R. Addr.  Length Data
12022-12-01 12:08:51.848 i12C 5 5 [EGTI 12

Figure7.57. Total Phase Transaction Log|2C

(p))

B tattice Automate 30

Actions Help

Dashboard

NRA LIKSNI £ &

Motor Status

gl t dzS NBIF R

Slave Address
0x 5a

Gl o
3 K2dzZ R

Motor Configuration  System Configuration

Select Node Nod  Select Protocol [2C - | Select Operation ® Read O Write

2F WKSR ' dziz2Y GS

0S MHOD

® |Connect Disconnect Refresh
Node Peripherals OPCUA Client

Figure7.58. Application Software- Node Peripherals: 12Read

Ay

odn
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7.9.3. SPI
1. Ly GKS 1dzi2YFGS odn D!LX OftA0]l G4KS b2RS t SNALKSNIfa& dl
SOR RIBKSOK Aad O2yySOGSR G2 GKS ' FNR@GFN] Lu/k{tL 1 2ad

2. { St

3. {StSO0 UGKSL LINPG20O2¢F Y

4. { St SO0 GKSNRILENI GAZ2YY

5 {1 @S | RENBE&A®ESROAGY

6. 9YGUSNJ GKS 5FGF H O6AGY Hp 0! aSNIOFYy 6NRGS lye RFEGEFE FNRY
7. 1 f R QI

Actions Help
* Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals

Select Node Node9 Select Protocol SPI Select Operation /Read ® Write

Slave Address
Ox

Figure7.59. Application Software- Node Peripherals: SPWrite

8. Ly G(KS ¢2dlf tKIFIad G22t5 OKSO|l GKS GNIyalOirzy f230
b2¥Sal 1S adNB GKIFI{G GKS LKeaAOlf O2yiyBREBA DRI NR(I 4 &S PO?2

Transaction Log

Time Mod.  R/W M/S  Feat. BR  Addr  Length Data
2022-09-16 14:49:22.363 5P R - RSML i 4
2022-09-16 14:49:22.368 SPIl W = RSML i 00

Cear Log Save to Fle

Figure7.60. Total Phase Adapter Setting: Transaction Lo§PI

9. 2 NAGS (KSGKSLH dzS Vi aA A S{ S Ea L {ylR Of A O
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- O X

SPI Control Bitrate kHz | Set
Polarity: Phase: Bit Order:
(®) Rising/Falling (®) sample/setup (@ MsB
() Falling/Rising () SetupfSample [@FL::]

Master Slave

Current Status: Enabled

MISO Message

22 [ SetMIsO |

Clear Load Save

Figure7.61. Total Phase Adapter Setting: SRControl

10./ KSO1 GKS GNYyal OtAaAzy 230

Transaction Log
Time Mod.  R/W M/5  Feat. B.R.  Addr.  Length Data
12022-12-01 12:23:36.232 HE s s 1 2

Figure7.62. Total Phase Adapter Setting: Transaction LegPI

11. Ly biZkKRES t SNiN oK N (K S ! dzi2 Yl GS owdl ! L asSt SOl GKS

f
12./ f WnOBPREKS B (FES{ARY 50K aK2dzZ R YI §OK GKS @+t dsS GKI

Actions Help

Connect| Disconnect| Refresh

Dashboard Mator Status Motor Configuration System Configuration Node Peripherals

Select Node [Noc-| Select Protocol |SPT - | Select Operation ® Read > Write

Slave Address

0x

Figure7.63. Application Software- Node Peripherals: SHRead

7.9.4. Modbus
Note: Connect the UART cable from the UART pattt@Node system tahe PC/Laptop.
Note: Required tool: Docklight v2.4 or later

1. Ly GKS 1dzi2YI(i82B®&nt SNNDOKONA DL (KS
2. 9YGSN) GKS {f+ @3S ! RReNS®mayY nc 6! aSNI Oty SyGSNI wm
3. 9YGSNI GKS wSIAAGSNI brmyo6 SNY n1 6! aSNI Oy SyidSNI n
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4. 9y SN GKS 5 ($wiRgps0o! &SN OF y

[ Lattice Automate 20
Actions Help

Connect Disconnect Refresh
Dashboard Motor Status

Motor Configuration = System Configuration ~ Node Peripherals

Select Node Nodel Select Protocol MODBUS Select Operation ' Read ® Write

Reg Type Slave Address

Register Number Data
Holding Register 0x 06

0x 07 Ox 1285

Figure7.64. Application Software- Node Peripherals: ModbusVrite

5. hlLJSy 5201fA3IKGD
6. 52 dzDff & B

Colors&Fonts Mode COom4 9600, None, 8, 1

Communication

Figure7.65. Docklight COM Selection
7. {StSOG GKS trad !{. aNEOWENGBLIZ NI Ay (GKS tAad:z

Send/Receive on Comm. Channel

COM4 (USB Serial Port)

--- Serial Ports ---
COM3 (USB Serial Port) i
COM4 (USB Serial Port)

Figure7.66. USBerial Port Slection
8. { St SO diRKYSvIdic 31 n

|§ Project Settings

Communication 1 Flow Control I Comm. FiIter/AIias}

Communication Mode

1 2 Monitoring |l 2
(@) Send/Receive E-'—,_a O (receive =
only)

Send/Receive on Comm. Channel

fcomq | v]

Choose a COM port from the list of available devices, or type a
COM port from COM1 to COM256.

COM Port Settings

Baud Rate [ 9600 “]| Databis s

Parity None ~ Stop Bits 1
Parity Error Char. | 63 (7 ~

Use Docklight Scripting for TCP, UDP, USB HID, Bluetooth HID

0K Cancel Help

Figure7.67. Docklight- Project Settings
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9. / t woéyy

File Edit Run Tools Help

DEHS o T AMRZam
Figure7.68. Docklight- Run

10.Ly GKS ! dzi2 YRINS®iSen D! LxX Of A 0

E Lattice Automate 2.0
Actions Help
-

Connect Disconnect| Refresh
Dashboard Motor Status Motor Configuration System Configuration  Node Peripherals

Select Node Nodel Select Protocol MODBUS Select Operation CRead ® Write

Reg Type Slave Address Register Number

Holding Register 0x 06 0x | 07

Figure7.69. Application Software Node Peripheral: ModbusNrite

11.Ly 5201 f ADKiIZ6 ¥ ARSI KBy a YAGGSR YSaalr3sS LINAYGSR Ay NB

ascll [ HEX | Decimal | Binary

©8-09-2022 11:54:49.767 [RX] - @6 ©6 0@ @7 12 85 F4 BF

Figure7.70. Docklight Prints
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Appendix A GUI Application Installation (PC)

Note: This installation processdone onthe PC to run the GUI, such as a laptopesktop PC.

1. 526yt 2R 2N f20F0S GKS [FGGAOS !1dzi2YFGS odn LyadGlftf SN
2. 52dz2Dt F Pl GKS AyadlfttSNI G2 Ayadlftt GKS FLIWLXAOIGAZ2Yy ®

MName Status Date modified Type Size
SVn ©@ 16-02-2023 11:38 AM File folder
setup © 16-02-2023 11:38 AM Application 99,722 KB

Figure Al. Installer Directory
3. 2FA0 F2NJGKS Ayadltftlrdazy G2 O02YLX SiSo
LatticeAutomate3_0 - InstallShield Wizard

Preparing to Install...

LatticeAutomate3_0 Setup is preparing the InstallShield
wizard, which will guide you through the program setup
process. Please wait.

Extracting: LatticeAutomate3_0.msi

Figure A2. Automate 3.0 Initial Install Setup
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ﬂ LatticeAutomate3_0 - InstallShield Wizard X

Welcome to the InstallShield Wizard for
LatticeAutomate3_0

The InstallShield(R) Wizard will install LatticeAutomate3_0 on
your computer. To continue, click Next.

WARNING: This program is protected by copyright law and
international treaties.

< Back | Next = | | Cancel

Figure A3 Automate 3.0 Next Step

5./t hQBi
i LatticeAutomate3_0 - InstalIShield Wizard X
Destination Folder
Click Next to install to this folder, or click Change to install to a different folder.
[::7 Install LatticeAutomate3_0 to:
C:\Program Files (x86)\Lattice Semiconductor\Lattice Automate 3_0\ Change
InstallShield
| < Back || Next > | | Cancel

Figure A4. Automate 3.0 Next Step

6. / t AQRd €
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ﬁ LatticeAutomate3_0 - InstallShield Wizard

Ready to Install the Program

The wizard is ready to begin installation.

If you want to review or change any of your installation settings, click Back. Click Cancel to exit
the wizard.

Current Settings:

Setup Type:
Typical

Destination Folder:
C:\Program Files (x86)\Lattice Semiconductor\Lattice Automate 3_0\

User Information:
Name: user

Company:

InstallShield

| <sak [ @meal | cancel

Figure A5. Automate 3.0 Click Install

7.2 L AGOKRMIG L EEEGARY G2 O2YLX SGSo

ﬂ LatticeAutomate3_0 - InstallShield Wizard — X
Installing LatticeAutomate3_0

The program features you selected are being installed.

"] Please wait while the InstallShield Wizard installs LatticeAutomate3_0. This may
@ take several minutes.

Status:

InstallShield

Figure A6. Automate 3.0Installation in Progress
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ﬂ LatticeAutomate3_0 - InstallShield Wizard X

InstallShield Wizard Completed

The InstallShield Wizard has successfully installed
LatticeAutomate3_0. Click Finish to exit the wizard.

Figure A7. Automate 3.0Installation Finish
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Appendix B Programming the Automate Stack on Respective
FLASH

B.1 Main System
This section provides the procedure for programming the SPI Flash on the CetD6éRiersa board for the main system.

Two different files shoulde progammed into the SPI Flash. These files are programmed to the same SPI Flash, but at
different addresses:

1 Bitstream (FPGA SOC Design)

1 Binary (RISC V Firmware)

Board Jumper Connections

Make surethat the following jumpers are connected on board
1 Pin 1 and f J32 and J33 should be shorted to select UART.
1 Pin 1 and 2 of J58 should be shorted to select the 3.3 V as Flash I0.

N s 1 e BB B8 o

11
0 THTTTHTTITY

Figure Bl. Main System Jumper Connection

If the userprogramming themain systemboard for the first time, please refer to thppendix CProgramming &resh
Main System Boarsection and then come back to this section to followttier steps.

To program the SPI Flash in Radiant Programmer:
1. / 2yySOG (mmS /+S\NEdza toNR NR (2 GKS t/ dzaiay3a | '{. OlofSo
2. {GFNI wlRAFYG tNRINFYYSND Ly NBKS SDS G /ASyEA off 4 IyYNL SRBRASION2
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New Project:

{l Radiant Programmer - Getting Started

Project Name:

‘Autom ate_sta ck_Motor_ControI|

Project Location: ‘ c:f

Cable: |HW-USBN-28 (FTDI)

() Create a new blank project

Open Project:

(@ Create a new project from a scan

~ Port: FTUSB-0

TCK Divider Setting (0-30x):

O Open an existing programmer project

-

Detect Cable

C:/Users/Public/Automate_Stack_Release_1_0_1/Project_File/main_system,soc_main_system/impl_1/Untitled.xcf

? X
V| Browse...
Browse...
corce

3./t k|

Figure B2. Radiant Programmer Default Screen (MairBystem)

B Radiant Programmer - Autamation_Stack_Master_System xcf *

File Edit View Run Tools Help
a] -1 I 200w B

Enable Status Device Family

1 Generic JTAG Device  TAG-NOP

Device Operation

Bypass

File Name

File Date/Time  Checksum

USERCODE

- o x
Cable Setup &%
Cable Setings ~
Detect Cable
Cable: | Ww-usanzm (FTD) *
Fort: Fruseo -
Custom port:

Frogromming Speed Settings
(0 use default lock Dider
@) Use custom Clock Divider

TCX Divider Setting (0-30x): [16_ &
10 Settings

®) Use dofoult O setings
) use custom ¥ settngs

INITH pin connected

Figure B3. Radiant Programmes Initial Project Window (MainSystem)

7\)/u
- f

|
¢ 23 dewB

t NEINF YYSNI YFAY AYyGSN#EHAOSE2 MIST SHAO
&K@ Y AY
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B Radiant Programmer - Untitled xcf
file Edit View Run Tools Help

* e @ kA X
Enable Stat Device Family Device Operation File Name
(= LFCPNX LFCPNX-100 Fast..
sosT
FLLOURITER
#1701 B RS BULD N
DONMLOAD CABLE
CRUMEROPROCESSOR
Output

Lattice VM Drivers detected (HVi-DLN-3C (Paraliel))
Programmer device datsbase ioaded

5 wA DKM O

Figure B4. Radiant Programmer DeviceSelection {ain System)

File Date/Time  Checksum

USERCODE

ok Tus

LFERNC10
b

™o 00

TG EN

I5YSRD A0St AR LIS NI A S &

6. . ST2NB

t 2 NI

CHYAta

I 00Saas mRIRGU
h LJS NJYIiNI2&/S
Under SPI Flash Options, select the options below:
|.

u LFCPNX - LFCPNX-100 - Device Properties

General
Device Operation
Target Memory:
Port Interface:
Access Mode:

Operation:

Programming Options

Device Information

Static Random Access Memory (SRAM)

Fast Configuration

Static Random Access Memory (SRAM)

Programming file: |

[] Password Protection Options (Provide key file if password protection enabled)

I f

{SNALFE Ct

+ Sy R2ANINR YA E

Ct

akK

LINEINI YYAY3IS A

Under Device Operation, select the options below:
¢ NBSO YaBY&mm®{tL
LWiE ENFE OB

t NEINF YYAY 3

Figure B5. Radiant Programmer Device Operatior{Main System)

A a

AaK aSyYz2Ne

Cancel

o{tL

OSrt dE i K S

- a x
Cable Setup a8 x
Cable Settings
Detect Cable
Cable: HIN-USEH-28 v
Port: EUSE-0
Custom part:

Programming Speed Settings
(O Use defaul Clock Dvider

@ use custom clock Diader
TCK Divider Setting (0-304): |7 2]
10 Settings

®) use defaut (0 seTngs
© Use custom 10 settings

TITH pin conne

ONE pin co

TRST pin connecte

St TRST high
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53S0V 08p[ pMHnpD
t I

1
1 OMmtASy R 2 { hb

[ LFCPNX - LECPNX-100 - Device Properties

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) -
Port Interface: JTAG2SPI R4
Access Mode: Direct Programming ~
Operation: Erase All ™
SFI Flash Options
Family: SPI Serial Flash W
Vendor: Macronix ~
Device: MX25L51245G e
Package: 8-land WSON w
SFI Programming
Data file size (Bytes): 2230262 Load from File
Start address (Hex): 000000000
End address (Hex): 0x03FFO000
] Turn off addresses auto updating
(] Erase SPI part on programming error
[] Secure SPI flash golden pattern sectors
Cancel

Figure B6. Radiant Programmer EraseAll (Main System)

7. 1t A01 hY FYR (KSy Of “@INJ (IS tWIEEFHNINDOITEWES D6 K 15 QENITA § 4 K
YSY2NE AF lyeé 2GKSNJARIGF Aa FfNBFRe LINBaSyd Ay Al
8. ! FUOSNI SN} aAy3d (GKS FtlakKs LIR2gSNI 0edftS (KS o62FNR FyR |
a. Under Device Operation, select the options below:
f ¢ NBSG YaB¥E@WNEFf {tL CflakK aSY2NEB o6{tL C[! {10
f t2NIFOWEERAE{t L
T 100Saas mRIRGG t NPINJ YYAY3
f hLISNMNIMI2YSS t N2PINFYZI +#SNRATFe@
b. Under SPI Flash Options, select the options below:
T CrYftd& {SNAIf Cflak
1 +SyYR2ZNINRBYAE
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1 55SMaO&p[pmHnpD
T tF OMWEASYy R 2{ hb
¢ 2

9. LINE N (v EMERSSY SOU G KS 2 LORATOyES . ad a K246y Ay
£3 LFCPNX - LFCPNX-100 - Device Properties ? x
General Device Information
Device Operation
Target Memory: External SPI Flash Memory (SPI FLASH) e
Port Interface: ITAG2SPT v
Access Mode: Direct Programming ~
Operation: Erase,Program,Verify ~
Programming Options
Programming file: Ltal:ulEs,."Main_System,."su:u:_main_sy'stemj_l]_impl_1.I:uit| vee| |OFESC
SPI Flash Options
Family: SPI Serial Flash e
| Vendaor: Macronix w
Device: Mx25L51245G e
Package: g-and Ws0ON e
SPI Programming
Data file size (Bytes): |2634*34EI | I Load from File
Start address (Hex): 0x00000000 e
End address (Hex): Ox00280000 w
] Turn off addresses auto updating
|:| Erase SPI part on programming error
] secure 5FI flash golden pattern sectors
oK Cancel

Figure B7. Radiant Programmer Bitstream Flashing Setting®lain System)

UnderProgrammingOptions, select theoc_main_system_impl_1.bit bitstreatfile inthe Programming file.
ClickLoadfrom Fileto update theData file size (Byteshlue.

Make surethat the following addresses are correct:

{GF N ! RBRNBi@a nandieno

9YR ! RRNGEANB®HhBKED

=20 T o
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10. ¢ KSy Of A01 GKS “NBNGNIKYS 5Y830fHd0 SRENR Y 5S04 0S8
11.b2¢ t26SN) Oe0ftS GKS /SNIdzaAtNR b- *SNAIFI .2 NR®
12. ¢ 2 LINP INJ YS I KESTFIMN st S CALIdiNSSy & ¢t & aK2g6y Ay

a. Under Programming Options, select themain_system_3_0.bisinary file.

b. Make surethat the following aldresses are correct:

¢ {41 NG R%[ﬁi&méo n@{p&%u

T 9YyR ! RRNNBBEANOY SEH N

£3 LFCPNX - LFCPMX-100 - Device Properties ? >

General Device Information

Device Operation

Target Memory: External SPI Flash Memary (SPI FLASH) e
Part Interface: JTAG2SPI ~
Access Mode: Direct Programming =
Operation: Erase,Program,Verify =

Programming Options

Programming file: lﬁ.|:|r,.'ExEl:utaI:ules,."Main_Sy'stem,."u:_main_systemj_tl.I:uin | 0x53CC

SPI Flash Options

Family: SPI Serial Flash -
Vendor: Macronix ~
Device: MX25L51245G e
Package: g-and WSON e
SPI Programming
Data file size (Bytes): |5?4HB Load from File
Start address (Hex): 0x00300000 w
End address (Hex): 0x00380000 -

[] Turn off addresses auto updating
|:| Erase SPI part on programming error

[] secure SPI flash golden pattern sectors

Cancel

Figure B8. Radiant Programmer Binary Flashing Settings (MaBystem)

13./f A28 KS t N2INI VY 2P 0ES NSz NRIEISN $ 5 SGA 0S8
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B.2 Node System

This section provides the procedure for programming the SPI Flash on the-N&risrsa board for nod&wo different
files shouldbe programmed into the SPlaBh. These files are programmed to the same SPI Flash, but at different
addresses:

I Bitstream

1 Binary

Board Jumper Connections

Make surethat the following jumpers are connected on board
1 Pin 1 and 2 of JP25 and JP26 should be shorted to select UART.
I Pin 1 and 2 of J47 should be shorted to select the 1.8 V as Flash IO.

SWs @TP9 SW2 @TPS  SW3 @ TP8
47
@@' S
30

J2s
2323 r o s
- :z T
EL- s

Arp v

Iu I GND
oL °S° B 1365

£88q)
R GeEE
0000000000000
oy

m»ﬂ

2202 0DD:
83383283
2[qqo00000q:
FAv

Te_vips_vecauxso [l @ 2 [ﬁ@“‘ \TE*JI_ Lw‘

TP_VIP8_VCCPLLSD - TP_VCCAUX  (cc_tv, GORE

RoHS

= W R10s
0LHZ2012 | mu:ﬁ ?33 [!l? mi

$30952988

0%-XN2ad1 @Rzom"“, : s X
oLV nrw —ruslwg

ssm =y Sl S—
e — [ Lo it 25 Ive IvI Tvol2ve 1ve Iv2 1vos =
[EP-vec.cone BN SEMICONDUCTOR. = plo b 15 RIS
§‘ ::ﬁ = c tus-NX Vi Eval Bo. v T ']
uf: w ertus-| P/N-"u valuation ard REV B Dad

: LED2NX-VERSA-EVN POER —~ CAVERA PONE]
Copyright (€)2020 Made,in TW ol R " N

Figure B9. Node System Jumper Connection
To program the SPI Flash in Radiant Programmer:
1. / 2yySOG mKS+68Hlidza2F NR G2 (GKS t/ dzaAy3a | ' {. Olot
2. {GF NI wl RAFYG DSNREANIRKEHINGL SIRNIBESI SSG SYgE P of | y]1 LINE
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a Radiant Programmer - Getting Started

New Project:

Project Name: |Automat\on_5tack_Node|

Project Location: | c:f w ‘ Browse...

@ Create a new project from a scan
Cable: HW-USBN-2B (FTDI) ~ Port: FTUSB-0 - Detect Cable
TCK Divider Setting (0-30x):

(O Create a new blank project

Open Project:
O Open an existing programmer project

Browse...

C:/Automation_Stack_Master_System.xcf

Figure B10. Radiant Programmer Default Screen (Node System)

3. /X Bl

B Radiant Pragrammer - Automation_Stack_Nade.xcf * - fa] ®
File Edit View Run Tools Help
hed =] 2 20w B
[ Enable Status Device Family Device Operation File Name File Date/Time  Checksum USERCODE Cable Setup. ax
14 Generic JTAG Device  ITAG-NOP Bypass Cable Sttings. .
Detect Cable
cable: HW-USEN-28 (FTD) *
Fart: FTUSE-0 -
Custom port:
Programening Speed Settings

() use defautt Clock Daider
® use custom Clock Divider
TOK Divider Setting (0-30x): 16 %)
VO Settings
(@) Use default IO settings

() Use custom /O sattings

Figure B11. Radiant Programmer Initial Project Window (Node System)

4. Ly GKS wlkRAFY(G t NEANJCBESMBENEDA PSR CRENABIONORSBE SOz oY Ay
CAJdeNdB . O
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8 Radiant Pragrammer - Automation_Stack Nodexc * - o hd
File Edit View Run Tools Help
rHE 2 BEE R B8y B
Enable Status Device Family Device Operation File Name File Date/Time  Checksum USERCODE _WMGS!‘W o
14 LFD2NX LFD2NX-40 Fast Configuration Cable Settings ~
Datact Cobla
Cable: HW-USBN-28 (FTDI} =
custom port
() use default Clock Divider
@ Use custom Clock Dvider
TCK Divider Setting (0-30x): 16 =
4O Settings
@ use defaut YO settings
0O O use custom 10 settings
Figure B12. Radiant Programmer Device Properties (Node System)
“ LFD2NX - LFD2NX-40 - Device Properties ? X
General Device Information
Device Operation
Target Memory: Static Random Access Memory (SRAM)
Port Interface: Static Random Access Memory (SRAM)
Mon Volatile Configuration Memo P
Access Mode: External SPI Flash Memory (SPI FLASH -
Operation: Erase,Program,Verify .Serlal peripheral
interface flash
Programming Options memaory. _ |
Programming file: |
[] Password Protection Options (Provide key file if password protection enabled)
Figure B13. Radiant Programmer Device Operation (Node System)
5. . SF2NB LINPINYYYAYy3IA:Z AG Aad ySOSaalNeBR G2 SN}I&asS GKS

a
Al
Al
il
il
b.
Al
Al
Al
il

Under Device Operation, select the options below:

¢ NBESGO YaB¥EMNEIf {tL C{FradKvaSY2NE
t2NI LWEBNHEf OB

I 00Saas mRIRGG t NPINI YYAY3

h LJS NIYAINI2&S | f €

Under SPI Flash Options, select the options below:

ChYgta {SNAIf Cfl ak

+ Sy R2ANINR ¥

55S50WO@s pv! MHY

tF OMMEASYy { htH

o{tL
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General  Device Information
Device Operation

Target Memory:

Port Interface:

Access Mode:

Operation:

SPI Flash Options

Family:
Vendor:
Device:
Package:
SPI Programming
Data file size (Bytes): 2152488
Start address (Hex):
End address (Hex):
[ Turn off addresses auto updating
D Erase SPI part on programming error

[ Secure SPI flash golden pattern sectors

= LATTICE

External SPI Flash Memory (SPI FLASH) v

JTAG2SPL v
Direct Programming v
Erase All v
SPI Serial Flash v
Micron v
MT25QU128 v
8-pin SOP2 v

Load from File

0x00000000

0x00FF0000

Cancel

Figure B14. Radiant Programmer Erase All (Node System)

It R@ YR GKSy Of AOT . ﬂlv""z,lt\lJNﬂElﬁl\]- w@@&@m@@mx@aﬁ@ﬂ@ﬁmu@
YSY2NE AT lye 20KSNIRIOF A& FftNBFEReé LINsaAaSyu Ay Auo
PFOGSNI ST BAlWEAKID LI2oSN) 080t S GKS 02FNR yR FLILX & GKS
Under Device Operation, select the options below:
¢ NBSO YaBYE@MNEIf {tL CflakK aSyz2NEe

t 2Nl LWaGSENFIFOS
1 00Saas nrRG
h LJS NYAIMI2&S > t N2 INF YX
Chygtea {SNRIFf Cfl ak
+ Sy R2ANDNER Y
5SOVa@®@Spv! MHY

t - OMmaASYy { htw

t N2INF YYAY3
+SNATF&

a
1
1
1
1
b. Under ®I Flash Options, select the options below:
1
1
1
1
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8. ¢2 LINRBINYY

Figure B15. Radiant Programmer Bit Sream Flashing Settings (Node System)

0KS 0AGaGNBlIY GAE&NB aS6S
u LFD2NX - LFD2NX-40 - Device Properties ?
General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH)
Port Interface: IJTAG25PI w
Access Mode: Direct Programming b
Operation: Erase,Program,Verify b

Programming Options

Programming file: StackaodeSystem;’soc_node_impl_l.hit|... 0xFCCA

SPI Flash Options

Family: SPI Serial Flash o
Vendor: Micron b
Device: MT25QU128 '
Package: 8-pin SOP2 o

SPI Programming

Data file size (Bytes): |1053263 | | Load from File

Start address (Hex): 0x00000000 Y
End address (Hex): 0x00100000 -
D Turn off addresses auto updating

|:| Erase SPI part on programming error

|:| Secure SPI flash golden pattern sectors

OK Cancel

O

(et

Make sure that the following addresses are correct:
{GF NI ! RRNBI&@aE noinS$iEo
9YIRRRNB &AM Eailn ®IE® n nn

[atN

¢tKSy Of A0l (KS “RRHENKYS SSIgrONRITING2% 5 SOA OS

¢2 LINPANIY GKS FANNSGI NBTCAAESMNBSOG o KS 2LIiA2ya a4 aKz2gy

a.
b.
c.
1
1
9.
10.
a.
b.
1
1

UnderProgramming Optionsselect thec_node_system_2_0.bininary file.

Make sure that the following addresses are correct:
{GF NI ! RRNEBI&@a noInS$iEo
9YyR ! RRNBBEANGH SED N

11. ¢ KSy Of A0] (KS “RRHNKYS SIAUgRrORIFNG28 5 SPA OS

2L A2y a

Under Programming Options, select the soc_node_impl_1.bit bitstream fireiprogramming file.
Click Load from File to update the Data file size (Bytes) value.

© 2023Lattice Semiconductor Corp. All Lattice trademarks, regidtermemarks, patents, and disclaimers are as listeahvav.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their regpéctiders. The specifications and information herein are subject to change without notice

FPGAUG021811.1

62

QX


http://www.latticesemi.com/legal

Automate Stack 3.0 Demo

User Guide ....LATTICE

a LFD2NX - LFD2NX-40 - Device Properties ? X

General Device Information

Device Operation

Target Memory: External SPI Flash Memaory (SPI FLASH)

s
Port Interface: JTAG2SPL ~
Access Mode: Direct Programming v
Operation: Erase,Program,Verify b

Programming Options

Programming file: ckaodeS',rstemfc_node_system_z_t].bin|... 0x4B84

SPI Flash Options

Family: SPI Serial Flash v
Vendor: Micron R4
Device: MT25QU128 Lo
Package: 8-pin SOP2 v

SPI Programming

Data file size (Bytes): |918292 Load from File
Start address (Hex): 0x00140000 v
End address (Hex): 000220000 W

] Turn off addresses auto updating
(| Erase SPI part on programming error

[] secure SPI flash golden pattern sectors

Figure B16. Radiant Programmer Binary Flashing Settings (Node System)

Note: After programming the Boards, power cycle the CertusPro NX Versa boamlasisirigure BL7 and each Certus
NXVersaboardas shown irFigure BL8, and then press the system Reset button SW 3.

PR
. |
gp| TP VCC_CORE1

o
-
@
>
'
U
Q
<
o

Figure B17. Reset Button SW3 of CertusPro NX Versa Board
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Figure B18. Button SW3 6 Certus NX Versa Board
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Appendix CProgramming &resh Main System Board

If the userprogramming the Main System board for the first time, use the followingtime procedure to avoid the

firmware booting issue. It is because, when the boards areeatelifrom the foundry, they are programmed in quad

mode. Butthe SPI flash Controller starts with serial mode (default) for commands and then it dblegisad mode fothe

read operation.

To program the SPI Flash in Quad mode:

1. / 2yySOG (mmS+%SMIdE2zINRR (2 (GKS t/ dzaAy3a | !'{. OlofSo

2. {GF NI wlk RALFY G DNPEAN IRWSHMINGL SRNBEII SSE SPgEH o0ty LINR2SO0

£ Radiant Programmer - Getting Started ? X

New Project:

Project Name: |Aut0mate_Stack_MotDr_CDntrDI| ‘

Froject Location: | C:f R ‘ Browse...

@ Create a new project from a scan

Cable: |HW-USBN-2B (FTDI) ~+ | Port: FTUSB-D - Detect Cable
TCK Divider Setting (0-30x):
O Create a new blank project

Open Project:

O Open an existing programmer project

C:/Users/Public/Automate_Stack Release 1 0_1/Project_File/main_system/soc_main_system/impl_1/Untitled.xcf Browse...

Figure Cl. Radiant Programmer Default Screen

3./t ham

B Radiant Programmer - Autamation_Stack_Master_System xcf * - o o
File Edit View Run Tools Help
: N ]
Enable Status Device Family Device Operation File Name File Date/Time  Checksum USERCODE Cable Setup &%
1 Generic ITAG Device  ITAG-NOP Bypass Cable Settings -
Detect cable

Cable: HW-USBN-28 (FTDI) ~
Fort FTuss0
Custom port:

Programming Speed Settings
() se default Clock Dides

@) Use custom Clock Divider
TCX Divider Setting (0-30x): [16_ %
10 Setings

®) Use defoult O settings

) use custom Y0 settngs

Figure Q. Radiant Programmer Initial Project Window
4 Ly (GKS wikRAIYyG[ CNEFRWEFNCSECRGEABBDOSNEI2RBRSGISOG Fdzi2YF GA
K

L
AK20GAAGME /
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{8 Radiant Programmer - Untitled xcf *
File Edit View Run Tools Help

af- 4% @ a@ o« B
Enable Status Device Family Device
1 | LFCPNX LFCPNX-100

Output

Lattice VM Drivers detected (HW-DUI3C (Farallel))
Programmer device database loaded

Operation File Name

Fast ...

File Date/Time Checksum USERCODE

FCOMPUTER
FTDI USB HOST BULD-
DOVNLDAD CABLE

CPUMCROPROCESSOR

TCK TME
LFCRIG100
To! 00
a6 e

Figure C3. Radiant Programmer Device Selection

5 wA KA O1 I5SADSt Sa® LISNI A Sa

2 LINPINFY

£ LFCPNYX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation
Target Memory:
Port Interface:
Access Mode:

Operation:

Programming Options

Static Random Access Memory (SRAM) ~
Static Random Access Memory (SRAM)

Fast Configuration W

Pragramming file:

"] Password Pratection Options (Provide key file if password protection enabled)

Figure G4. Radiant Programmer Device Operation

0KS 0AYFNEB FTAESS | LLX &

Under Device Operation, select the options below:

¢ NBSGH YaBYEMNE | ¢

t 2Nl LWEERHE OB

1 0053 as ngRGG

{tL

CflakK aSyY2zNEe

t NBE3IN} YYAyY3
+SNATFEe vdzZa R m

Under SPI Flash Options, select the options below:
CFrYfté& {SNRIFf Cftl
+ Sy R2ANINR YA E
5SOWOS p[ pMHnpD

t | OwiasSy R

¢
a

1

1

ﬂ A 7 A

1 h LIS NMINIZAEE I NI Y 3
b

1

1

1

1

2{hb

akK

GKS a

Cable Setup
Cable Settings
Detect Cable

Cable: HW-USBN-24
Fort: E2U58-0
Custom port:

Frogramming Speed Settings
() Usa default Clock Divider

@) use custom Clack Divider

TOX Dwvider Setting (0-30x): (73

YO Settings.
(@) Usa default 1O settings

(O use custom Y0 settings

x
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E3 LFCPMX - LFCPNX-100 - Device Properties ? et
General Device Information
Device Operation
Target Memory: External SPI Flash Memory (SPI FLASH) ~
Port Interface: JTAG2SPL w
Access Mode: Direct Programming ~
Operation: Erase,Program, Verify e
Programming Options
Programming file: ln!\pr,.'Exev:utaI:uIesJ'Main_Systemfc_main_systemj_D.bin | \ee| |OX53CC
5P Flash Options
Family: SPI Serial Flash v
Wendor: Macronix w
Device: My 250512456 w
Package: 8-and WSO w
SPI Programming
Data file size (Bytes): |5?4148 Load from File
Start address (Hex): 0x00300000 e
End address (Hex): 0x00380000 e
[ Turn off addresses auto updating
|:| Erase SPI part on programming error
[] secure SPI flash golden pattern sectors
Cancel
Figure G. Radiant Programmer Quad ModeProgramming
7.1 YRSNI t N2INI YYAyY DYWAyans2ZB 0BG dBK P

Make sure that the following addresses are correct:
dF NI ! RRNBi&nD nnin$ao
YR | RRNGBBEANOY BEDH N

f
KS 0621 NR®

2 LINPINIY (GKS OAGAGNBIY GAH G
YRSNJ t NPANF YYAYT hLIWiA2yas a

w
w
O«
[N
[N
=
m)
)

YR GKSy Ot A01 (0 %2 NBR IYRY walzh§ I Q8T wOF

as®sSoid GKS
NEE2IN YYF YARYYUER 8TFaAGE SSvay

$O8QB (KL

2 LIiA2ya
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General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) v
Port Interface: JTAG v
Access Mode: Direct Programming N
Operation: Fast Configuration v

Programming Options

Programming file: Lnxjljeb/socfmainfsystem/imprl/socﬁmainfsystemfimplfl.bit‘

[] Password Protection Options (Provide key file if password protection enabled)

Figure B. Radiant Programmer DeviceProperties

11./ £ A01 GKS t NI ANVIEE G MOS0 Q2N INIDY 5SFA0S
12.b2¢ GKS {tL FflFIaK Ydzad 06S SNIraSR® C2NJ GKIGZ LLXe GKS
a. Under Device Operation, select the options below:
f ¢ NBESG YaBY¥E@mNEHf {tL Jf'{&iIko aSY2NE o6{tL C
1 t2NI LWEENHF OF
T 100Saas mRIRGG t NPINJF YYAY3
f h LIS NIMUMNI2HS ! f €
b. Under SPI Flash Options, select the options below:
T CLYft& {SNARIf Cftlak
1 +SyR2NINRYAE
1 5SOVaOSp[pmHnpD
T tFOMaAISYyR 2 { hb
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EJ LFD2NX - LFD2NX-40 - Device Properties ? X
General Device Information
Device Operation
Target Memory: External SPI Flash Memory (SPI FLASH)  ~
Port Interface: JTAG2SPI v
Access Mode: Direct Programming v
Operation: Erase All ~
SPI Flash Options
Family: SPI Serial Flash v
Vendor: Micron ¥
Device: MT25QU128 v
Package: 8-pin SOP2 v
SPI Programming
Data file size (Bytes): 2152488 Load from File
Start address (Hex): 0x00000000
End address (Hex): 0x00FFO000
[] Turn off addresses auto updating
D Erase SPI part on programming error
I:I Secure SPI flash golden pattern sectors
o
Figure Ci. Radiant Programmer EraseAll
13./ £t A0l GKS t NIY ANV BS @WRHIzA INRFANIDY 5STAO0S
14t 26 SNJ OeOf S 0UKS / SNldzat NB b- +=SN&I 21 NRO®

Note: This is a onéime procesghat must be followed for every new board.
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Appendix D Ethernet Connection

D.1 ConnectionBetween Main system and Laptop/PC
1. {Si dzLlJ GKS F2ff20Ay3a KIOCORDIWNE O2yySOiGAz2yas | a akKz2gy

a. Connect theBhernet cable betweerhe CertusPreNX board andhe Laptop/PC in th&hernet port ofthe laptop
andmain system.

b. Connect the 12/ power adapter to thenain system board.
2. | 2yQiS GKS | 1iwkyd Oy 06 Bt BR2LY RNJ 5201t A3KG RSo6dAIAYy IO
Note: The firewallshould be disabled while doing this activity.

Note: .bit and .bin should be programmedthe main system and node systems. RefePtogramming the Automate Stack
on Respective FLASIHd Programming a Fresh Main System Basgdtions.

D.2 EthernetConfiguration Setting
1. hSy GKS bSGg2N] /2yySOGAzya /2yaGaNBf tlySt FTNRBRW (GKS

- Run X

—, Type the name of a program, folder, document, or
Internet resource, and Windows will apen it for you.

oper | IR .

Cancel Browse...

Figure D1. Run the ncpa.cpl t@pen the Network Connections Control Panel

2. | t ROKSHY S

‘& > Control Panel » Network and Internet > Network Connections v O
Disable this network device Diagnose this connection Rename this connection View status of this connection Change settings of this ¢
oth Network Connection — Ethernet - SonicWall NetExtender — VirtualBox Ho

L- ) . l i L-
nnected > _ Unidentified network n :__ Disconnected = __ Enabled
oth Device (Personal Area ... @~ Intel(R) Ethernet Connection (10) ... im,‘ SonicWall NetExtender Adapter @ \VirtualBox Ho

Figure D2. EthernetSettings

3./ f ANPLIS®I A S &

© 2023Lattice Semiconductor Corp. All Lattice trademarks, regidteaemarks, patents, and disclaimers are as listewva.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their regpéctiders. The specifications and information herein are subject to change without notice

FPGAUG021811.1 70

Ay


http://www.latticesemi.com/legal

Automate Stack 3.0 Demo ....LATTICE

User Guide

[E] Ethernet Status >
General
Connection

IPv4 Connectivity: Mo network access
IPv Connectivity: Mo network access
Media State: Enabled
Duration: 00:31:10
Speed: 1.0 Gbps

Activity
ol |
Sent — kg ——  Received
Bytes: 818 | 32,921
@Jrroperties| | @Jpisable | Diagnose

Figure D3. Click onProperties

4. 52dz2Df R DY I SNY SESNNR A O2 €

f‘._ﬂ Ethernet Properties X
Networking  Sharing

Connect using:
3P Intel(R) Ethemet Connection (10) 1219-LM

This connection uses the following items:

&3 Cliert for Microsoft Networks A
" File and Printer Sharing for Microsoft Networks

3 vitualBox NDISE Bridged Networking Driver

38 Npcap Packet Driver (NPCAP)

U3 QoS Packet Scheduler

'R intemet Protocol Version 4 (TCP/IPvé)

[1 4 Microsoft Network Adapter Muttiplexor Protocol v
< >

Install... Uninstall Properties
Description

Transmission Control Protocol/Intemet Protocol. The defauit
wide area network protocol that provides communication
across diverse interconnected networks.

. 0K | Cancel |

Figure D4. Double dick on Internet Protocol Version
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5 /2y FA3Idz2NBE (KS

the IP addresses of the PC.

Lt Y¥RRRE&RBAA 6dzAYVEESoOR AGER R G EKEW DEAKOF oY
Note: Ifuserschanged the IP address of the PC using Propel Builder, make sure that enter the changed IP address in
TCP/IPv4 settings also. Please see the Reference MEsigment Section 2.6 for more information about how to change

6. / KSO1 AT 90GKSNYySi

Internet Protocol Version 4 (TCP/IPv4) Properties

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O Obtain an IP address automatically

(®) Use the following IP address:

1P address: 192.168. 1 . 2

Subnet mask: | 255.255.255. 0 |

Default gateway: 192.168 . 1 . 1
Obtain DNS server address automatically

(@) Use the following DNS server addresses:
Preferred DNS server:

Alternative DNS server:

[ validate settings upon exit Advanced...

[ o

Figure D5. @nfigure the Settings

a
7. WA R @ P K SINGBEK OF A G 2206 € S

Ethernet
¥ _ Network cable unplugged
Intel/RY Etharnat Cannectian (10 |,

Disable

Status

Diagnose

Bridge Connections

Create Shortcut
Delete

Rename

¢ e @

Properties

Figure D6. Disable theSetting

8. WAIK®R P 6§ KESINY B (DY IA@Df] S

Fea abShGg2N] OlFoftS dzyL) dzZZ33aSRé®
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‘L' b Ethernet

Disabled

| ® Enable =
Status

Diagnose

Create Shortcut
E; Delete

@ Rename

G Properties
Figure D7. Enable theSetting

Note: Steps 8 and 9 are required every time tibernet cable is disconnected or insed orwhen the main system is
power cyclel.

D.3 Check theConnection with aPing

1. hISy GKS O2YYIlIyRP LINRPYLII 2y (GKS t/

2. tAy3a GKS YFAY 02FNR dzaAy3d GKS O2YYlFYyRY LAY3I MPHDOMCYy DM D

3 al 18 adNB GKS LAY3I ¢l & &dz0O0BRRYIHS® (MBS NBNSSS yT &t A6 ak
I yRGE K S NI SUENI /G20 2 FaA FOSIATRIVARYA b

C:\Users\Pawan>ping 192.168.1.4

Pinging 192.168.1.4 with 32 bytes of data:
Request timed out.

Reply from 192.168.1.4: by

Reply from 19 68.1.4: by

Reply from 192.168.1.4: byte

Ping statistics for 192.168.1.4:

Packets: Sent = 4, Received = 3, Lost = 1 (25% loss),
Approximate round trip times in milli-seconds:

Minimum = @ms, Maximum = @ms, Average = Oms

C:\Users\Pawan>

Figure D8. Ang on cmdTerminal

D.4. UDP PackeTransaction

Note: To download the wireshark todittps://www.wireshark.org/download.html

Wireshark and packet sender both areesd$or debuggingThe packeender creates its own payload packets and
transmits Wireshark receives packets atite user can check the datpayload), Paddressand port number.

PacketSender is alsausedseparately for debugging where the user can send multiple commands and check the
functionality of themain system.
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Download Wireshark
The current stable release of Wireshark is 4.0.3. It supersedes all previous releases.

& Windows Installer (64-bit)
Windows PortableApps® (64-bit)
macOS Arm 64-bit .dmg
macQOS Intel 64-bit .dmg
Source Code

Figure D9. Downloadablelink of Wireshark

Note: To download the Pack&nder tool:https://packetsender.com/download

Pa C ket Se n d e r Download Documentation

Packet Sender uses NO cookies, NO telemetry, and NO ads. The project survives thanks to YOUR support.

¢ One-time donation (Thank You): ’ Send via PayPal l

e Monthly sponsorship (With Benefits): { Sponsor via GitHub l

& No thanks, just let me download.

Figure D10. Downloadablelink of PacketSender

1. hLI%y2 01 ©A IK
2. D2 /b ao
Colors&Fonts Mode COM8 9600, None, 8, 1
Communication
Figure D11. Docklight- ComSelection
3. {StSOG GKS NRIAKG / ha i NOSt KON LI RS gty JiK S/ h ahda
4. {SG GKS o0FdzR NIXYGSY dcnn
5 / f k@
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5 Project Settings x
Flow Control } Comm. Filter / Aliasl
Communication Mode
1 2 Monitoring [l= 2
(@ Send/Receive E"—_a O (receive =
only)
Send/Receive on Comm. Channel
| coms -]
Choose a COM port from the list of available devices, or type a
COM port from COM1 to COM256.
COM Port Settings
Baud Rate 9600 ~ Data Bits 8 ~
Parity None e Stop Bits 1 v
Parity Error Char. | 63 (‘77 v
Use Docklight Scripting  for TCP, UDP, USB HID, Bluetooth HID
OK Cancel Help
Figure D12. Docklight- Com andBaud Rate Selection
6. / t wody

DEHS » s FAAR A E

EHj~= Commmunication port closed
|Start Communication (F5)|

Figure D13. Docklight- Run (StartCommunication)

7. hLISYy 2 (AKNS AikRI2ZNJ®
8. / £t POKSWY Sii

Welcome to Wireshark

Capture

..using this filter: ( |Enter a capture filter ...
VirtualBox Host-Only Network N
{Ethernet 1A

Adapter for loopback traffic capture JNN
Local Area Connection® 9

Local Area Connection® 8

Local Area Connection® 7

Bluetooth Network Connection

Wi-Fi

Figure D14. WiresharkTool - Ethernetlection
9. /It A0l 2y4AirnkO® ywdzy 0

10. hLISY Kt O |{S ¥f RIEAH f
11,9y GSNI cn ! {/LL OKFN}YOGSNER F2NJ I {G2aGL ¢

2F cn o0&GSa
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12./ t  ©O®S

Name

ASCII  abcdefghabcdefghabcdefghabedefghabedefghabedefghabedefghabedefghabedefah

& UoP

GKS !'5tygtyY LI O1Sio®

Send Name oA ToPort  Method
# send  TCP-HTTP ender.com 0
# Send  Telnet RPG
& Send 5 5 Hello, bro:
#Send UD v 5 {{TIME}} {{RANDOM}}
#8 Send  UDP IPvt acrc E 5 {TIME}} {{RANDOM3}
# Send
#Send UDPPK abcdefghabcdefghabcdefghabcdefghabedefghabedefghabedefghabedefgh

= Send Jlecom domain google

From P From Port ToAddress  ToPort Method  Error ASCI

19 4 1486  UDP

abcdefghabcdefghabedefghabedefghabedefghabedefghabedefghabedefgh 61

Figure D17. PacketSenderTool - TransactionLog
15.h LISy 5201t A3IKGE 0 NEOSABSR®
16./ KSO1 GKI @

ASCH HEX Decimal | Binary

01 GKS RI Gl
|

=
ax

Load File

X

474554 202f20485

of 2¢ 20 6
54 49 4d 45 7d
54494d 457d

5 0d

91-82-2023 14:26:01.196 [RX] - Packetlength = 40 <CR><LF>
Value of size = 40 <CR><LF>
Value of res_size = 4@ <CR><LF>

Unknown cmd : 64636261<LF>
Value of ConVAL = 4@ <CR><LF>
Value of ConVAL = 4@ <CR><LF>
<LF>
Waiting for new packet<LF>

Figure D18. Docklight- Logs in ASCII

17.D2 {2 A 6B §iRkI2NJP

18. ¢ 8 LIS dzZRLIGLEZ NI TI'T @A duispl) RdEF

Mnyc

<LF>

UDP data recived --------------------- Start<LF>
61626364656667686162636465666768616263646506676861626364656667686162636465666768616263646566676861626364656667686162636465666768<LF>
UDP data recived --------------------- End<LF>

<LF>

AK26Yy AY
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(W [udp.port == 1486

No. Time Source Destination Protocol Length Info
8 6.638453 192.168.1.2 1192.168.1.4 ubp 106 53599 > 1486 Len=64
> Frame 8: 186 bytes on wire (848 bits), 106 bytes captured (848 bits) on interface \Device\NPF_{5E299B7: 50 81 49 7e 83 a9 08 00 45 00 <4VP- @~ -E
> Ethernet IT, Src: HP_7e:83:a9 (50:81:40:7e:83:a9), Dst: aa:cd:ef:12:34:56 (aa:cd:ef:12:34:56) 01 3 -
> Internet Protocol Version 4, Src: 192.168.1.2, Dst: 192.168.1.4 ”
> User Datagram Protocol, Src Port: 53599, Dst Port: 1486
> Data (64 bytes)

ghabcdef ghf

Figure D19. WiresharkTool - Write udp.port == 1486

19./ KSO1 020K G(KS {2dNDSoryR 58adAylriAz2zy !5t LI O18G4a

| [udp
No. Time Source Destination Protocol Length Info
2690.. 6.993534 192.168.1.2 192.168.1.4 ubp 186 53599 » 1486 Len=64
— 2691..7.3@5692 192.168.1.4 192.168.1.2 ‘uDP 166 1500 » 1482 Len=64

Figure D20. Source and DestinatioklDPPacket

20./ t AO 1 FR2NRGKSS5t (NYXyal OiGAazy (G2 OKSOl Ay RSOIAf®

[ uap
No. Time Source Destination Protocol Length  Info
[ 2690..6.993534 192.168.1.2 197.168.1.4 1uop 106 53599 > 1486 Len=64
| 2691..7.365692 192.168.1.4 192.168.1.2 upP 106 1500 > 1482 Len=64
<

> Frame 2690840: 106 bytes on wire (848 bits), 106 bytes captured (848 bits) on interface \Device\NPF_{5E|
> Ethernet II, Src: HP_7e:83:a0 (50:81:48:7e:83:a9), Dst: aa:cd:ef:12:34:56 (aa:cd:ef:12:34:56)

> Internet Protocol Version 4, Src: 192.168.1.2, Dst: 192.168.1.4

> User Datagram Protocol, Src Port: 53599, Dst Port: 1486

> Data (64 bytes)

lghabcdef ghabcdef]
lghabcdef ghabcdef]
lghabcdef ghl

Figure D21. WiresharkTool - Hrst UDPPacket

’ <

21./ t A0l 2y ! 6K8) ¥80DYR2y (G2 OKSO|l Ay RSiGFAT D

([ udp
No. Time Source Destination Protocol Length Info
2690... 6.993534 192.168.1.2 102.168.1.4 upP 106 53599 » 1486 Len=64
- 2691 7.305692 192.168.1.4 [192.168.1.2 iupp 106 1500 > 1482 Len=64
<
> Frame 2691438: 106 bytes on wire (848 bits), 106 bytes captured (848 bits) on interface \Device\NPF_{5E| 50 81 40 7e 83 a9 aa cd ef 12 34 56 08 00 45 00 P-@- --- --4AV--E-
> Ethernet II, Src: aa:cd:ef:12:34:56 (aa:cd:ef:12:34:56), Dst: HP_7e:83:a9 (50:81:408:7e:83:a9) 00 5c 0@ 11 40 @0 40 11 b7 29 c@ a8 01 04 cO ad \--@@ )

> Internet Protocol Version 4, Src: 192.168.1.4, Dst: 192.168.1.2
> User Datagram Protocol, Src Port: 1500, Dst Port: 1482
> Data (64 bytes)

a5

lehabcdef ghabcdef]
lghabcdef ghabcdef]
lehabcdef ghl

Figure D22. WiresharkTool - SecondUDPPacket
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D.5.PacketSender Commands

D.5.1.Motor config commands

PLIRFGS O2yFTA3Y

hexString=f1 01 77 cc 01 64 00 01 4d 4 63 ea 37 18 1e 7c 37 18 1e 00 05 00 00 00 02

00 00 00 07 00 00 00 af 96 04 96 a0 0f 15 26 80 00 40 00 10 00 00 08 80 00 40 00 fa
00 00 08 00 00 00 00 00 00 00 00

¢Saidb2RSWSAP2NRAGSyYt SRyhcCCY

hexString=f1 01 77 cc 01 64 00 01 4d f4 €3 10 e4 31 bf 1d e4 2f d9 00 ff ff ff Of 00

01 00 00 54 40 18 00 ff ff ff ff 00 00 00 00 00 O 0 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

¢Saib2RSWSIP2NARGSYt SRyhbyY

hexString=f1 01 77 cc 01 64 00 01 4d f4 e3 10 e4 31 bf 1d e4 2f d9 00 ff ff ff Of 00

01 00 00 54 40 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 O 00000
00 00 00 00 00 00 00 00 00 00 00

{GFNIla2i2NWPRIFaKoz2l NRY

hexString=f1 01 77 cc 01 64 00 01 4d 4 63 ea 37 18 1e 7c 37 18 1e 00 12 00 00 00 02
00 00 00 07 00 00 00 78 00 01 00 78 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

{G21LJa2G2NPYRIFAK0o2F NRY

hexString=f1 01 77 cc 01 64 00 01 4d 4 63 ea 37 18 1le 7c 37 18 1e 00 02 00 00 00 02
00 00 00 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

t26SNhTTa2iRNYRIFAK0 2 NJ

hexString=f1 01 77 cc 01 64 00 01 4d 4 63 ea 37 18 1le 7c 37 18 1e 00 03 00 00 00 02
00 00 00 07 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

a2i2NJ GF NIpwaz2d2NJ G Gdzacl oY

hexString=f1 01 77 cc 0 164 00 01 4d 4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02
00 00 00 01 00 00 00 78 00 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00

Note: To select a different node, change the highlighted bit in Motor Start Motor status command

01- 1st node

02-2nd node

04 - 3rd node and so on

a2li2N G2Llpaz2i2NJ GFGdac¢cl oy

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 02 00 00 00 02

00 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

t26SNhTFa2i2Np{dlrddzactoy

hexString=f1 01 77 cc 01 64 00 01 4d 4 63 ea 37 18 1e 7c 37 18 1e 00 03 00 00 00 02

00 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00
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a2li2NWYNLWYypnnpaz2d2NI GFddzacl oy

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02

00 00 00 01 00 00 00 f4 01 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

a2li2NWNLIYymnnnpaz2d 2Nl GFGdzac¢el oY

hexString=f1 01 77 cc 01 64 00 01 4d 4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02

00 00 00 01 00 00 00 e8 03 00 00 01 00 00 00 00 00 00 00 00 00 00 00 0 0 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00

a2li2NWNLIYymnanpaz2d 2Nl GFGdzac¢l oY

hexString=f1 01 77 cc 01 64 00 01 4d 4 63 ea 37 18 1e 7c 37 18 1e 00 01 00 00 00 02
00 00 00 01 00 00 00 78 05 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 0000 00 00 00 00 00 00 00 00

aZ2i2NWNLIYyYmy nngaz2d 2N G Gdzact o

hexString=f1 01 77 cc 01 64 00 01 4d f4 63 ea 37 18 1e 7c¢ 37 18 1e 00 01 00 00 00 02
00 00 00 01 00 00 00 08 07 00 00 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 00 00 00 00

D.5.2.Recommend Command Sequences to test basic functionality

.ax0 [ 95 hCCkhb O2YYl YyRY
1 Send LEDEF Command
1 Send LED ON command

az2zli2N)/ 2yFA3 ¢Sady
1 Send the Update config command

az2i2N) adlF NI FNRBY 5FaKo2FNR ¢Sady
Send the start motor dashboard command

Send the Motor RPM 500 Motor Status command

Send the Motor RPM 1000 Motor Status command

Send the Mtor RPM 1400 Motor Status command

Send the Motor RPM 1800 Motor Status command

Send the Stop motor dashboard command

Send the Power Off motor dashboard command

E R R

202N A0FNI FNRY az202NJ {GFddza ¢Sady

Send the Motor Start Motor status command

Send the Motor RM 500 Motor Status command

Send the Motor RPM 1000 Motor Status command

Send the Motor RPM 1400 Motor Status command

Send the Motor RPM 1800 Motor Status command

Send the Motor Stop Motor status command

Send the Power Off Motor Status command

<8}

E R I I ]
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Appendix ETroubleshooting

E.1 Automate 3.0 GUI Troubleshooting

E.1.1 Motor Configuration Values are 0
t N2EofSY 5SaONRLIIAZY
Motor configuration values are all 0.

Motor Status Motor atic System Configuration Node Peripherals

Control Prop. Gain (kP) ¢

Figure EL. Motor Configuration Values are All 0

{2t d¥iAzy
1. ly GKS ! dzi2 Yl (G Sa idnNID/! A yoiF A deNd| G Al2KyS

2. CNRY G(GKS B4 OVS RaeP LISRRINKERI §66SHOY AYyRAGARIZ f y2RS®

Actions Help

® Connect Disconnect Refresh

Dashboard Motor Status Motor Configuration |System Configuration  Node Peripherals
RPM PI Control Prop. Gain (kP) Torque PI Control Prop. Gain (kP)
Maximum RPM RPM PL Int. Gain (kI) Torque PI Int. Gain (KI)
Minimum Power RPM PI Int. Threshold Torque Pl Int. Ti

Power Gain RPM PLInt. Clamp Torque PI Int. Clamp

Breaker Amps RPM PI Control Delay Torque P1 Control Delay

Default Update

Figure E2. Motor Configuration: Node Selection
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3
f
f
f
f
f
f

Actions Help

Dashboard Motor Status

Node1, Node2, N

Number of Pales |4

Maximum RPM | 4000

Minimum Power

Power Gain

Breaker Amps

Motor Configuration  System Configuration  Node Peripherals

RPM PI Control Prop. Gain (kP) 128

RPM PI Int. Gain (kI)

RPM PI Int. Threshold

RPM PI Int. Clamp

RPM PI Control Delay

Default Update

Torque PI Control Prop. Gain (kP) 128

Torque PI Int. Gain (kI)

Torque PI Int. Threshold

Torque PI Int. Clamp

Torque PI Control Delay

Figure E3. Motor Configuration: AliNodesSelected

/ KFy3aS GKS az2i2N)/ 2yFAIdzNI A2y FTASERaA
RPI PI Control Prop. Gain(k#):

RPI Pl Int. Gain(kDo

RPI PI Control delag200
Minimum Power: 190 200
Power gain:22-24
Breaker Ampsl.8-2.0

a2

Connect Disconnect Refresh

GKS F2fft26Ay13

Note: These values are for the @R BLS 2¥, 5000 RPM motors only. Choose appropriate values for the mibtatsiser
using.

4.

/ £ 5QF kdz

Figure E4. Motor ConfigurationValue Changes
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