s LATTICE

Customizable HSB Sensor Interfaces on
Lattice Avant-X Platforms

Reference Design

FPGA-RD-02329-1.6

September 2026



Customizable HSB Sensor Interfaces on Lattice Avant-X Platforms :..LATTICE

Reference Design

Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document
is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02329-1.6 2


http://www.latticesemi.com/legal
https://www.latticesemi.com/support/answerdatabase/6/8/7/6878

= LATTICE

Contents
(6o 01 4= o | 3PP PPPPUPRPPROPR 3
ADDBreviations iN THiS DOCUMENT.....ccicutiiiie ittt sttt eitee st et esbe e s bt e s bt e s bee s beesabeesabaesabeesabeesaseesabaesabeesabeesaseesabaesnsaesbaesnseesn 8
O [ 4 o T [¥ ot o o TSRS UPPPPPRRNt 10
1.1. Reference DesigN: QUUICK FACES ...cccuuiiiieiiiieiieeiie ettt ettt ettt et e st e st e e sab e e st e e sabeesabeesabeesabeesaneenn 12
1.1.1.  Avant-X Versa Board with JEtSON AGX OFiN/ThOr........coeiiiiiiieeeeee et ettt e e eve et ereesareeeareenanes 12
1.2. (O L0 ol O] =Y A U o [T PRSP 13
1.3. FATUIES ettt ettt e e e s e e et e e e s e r e et e e e e e r e e et e e e ae e e ranete e e s e e nnrrneeeeeeeaans 13
1.4. N E T g1 T 0o o VZ=T o) 6 o] o [OOSR 14
T I V[ o T=Y g Tl - AU =T OO PP PP 14
IR 1= = Y I P Y 0TSSRt 14
2. Directory Structure and FilE OVEIVIEW .....coiiiiiiiiiiiee ittt ettt et e sttt e e et e e s eaee e e srabeeeesabeeeessaseeesasseeeesnsaeessnssaeesnnneens 15
3. FUNCEIONAI DESCIIPTION ettt ettt ettt st e e bt e s bt e bt e s bt e e bt e s b et e bt e e bt e e sab e e bt e e asbe e neeesabeennteesaneennnis 16
3.1. NVIDIA HOSt DEVEIOPET KItS .eeuvieiiiiiiieeiiteiite ettt ettt ettt sttt et sat e st esa bt e sabeesateesabeesabeesabeesaseesabeesaneens 16
3.1.1.  Jetson AGX OFin DEVEIOPET Kil.....cccuiieieiiieecciee ettt e eerte et e e st e e e ette e e eeteeeestbeeeesataeseeasaeeesnsreeeannsaesennsans 16
3.1.2.  Jetson AGX Thor DEVEIOPEN Kit ....ccciiieieiiiieciiee ettt ettt e et e e e e te e e e etta e e e stb e e e eeataeeeeasaeesensbeeeennsaeeennnaeas 17
3.2. Lattice-Powered Holoscan Sensor Bridge Platform ..........ooouiiiiiiiii ettt 18
3.2.1. AVANE-X VOIS BOAIM. . .ciiiiiiieiiiieeettee ettt ettt e ettt e sttt e e e sttt e s e bt e e e sbb e e e e sab et e s eaab e e e sabbee e s bbeeeeanraeesaaneeas 18
3.3. Hololink IP and CusStOmMiIzZable INtEIfaCES ......iicuiiiiciiie ettt e e e e e e st ae e e ste e e esnaaeeesnreeeennes 18
3.3.0.  OVEIVIEW .eieieiuiiieiurururerureseseseseseresssesssasesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssssssssssnsssssnsnsnsnnnsnne 18
I 70 Y- o Yo Tl [ o1 1= =Tl TP 19
3.3.3.  Host Interface through Ethernet LiNK..........c.cooiiiieiiiieieet ettt sttt 23
3.4, Multi Camera Frame SYNCNIONIZAtION . .......ciiiciiie et e ettt e e et e e e tr e e e eaba e e e stbeeesataeeeensaaeessreeennnes 24
3.5. [DTUE ] B o To Yo  fl 1T 1 AU <SOSR 24
3.6. ClOCKING aNd RESET SCNEIME.....ccuiiiieeiiiee ettt et e e et e e e e tte e e s tbeeeeeataeseesaeeessbeaeeassaeeeaseaeessseeaans 25
TS R V- 1Y 2 Y=Y 7= T2 1o Y- T o FO PP 25
4. CustomMiziNg the REfEIrENCE DESIGN ...uuiiieeiiiiiciiiee ettt et et e e ettt e e st e e sttt e e e s baeeessteeessseeeesnseeesansseeesnsseeeennseeeennneens 27
4.1. Customization Steps for the Reference DESIZN ........uiiuiiriiiiiiieiiie ettt st e b e e s 27
4.1.1. Selecting the HolOSCaN BridgE BOArd ........cccceeiiiiiiiieiiieeiee sttt sttt sttt s e st sne e sbeesanee s 27
L O R C 1= o 1T =Y =48 d o 1= 1 PR PPRPRNE 27
4.1.3. Configuring the HDL Parameter and DEFINE SWItCH ......c..viiiiiiiiiiiie ettt e e taee e 36
4.1.4. Configuring the Platform Design CONSTIAINT ........cccciiiiiiiiiieeiiiee e ecteeeeette e eete e e et e e e e te e e eeaaeeeseabeeeessbaeeeennns 38
4.1.5. Verifying the Reference Design CoNfigUration ........c.cececiiiiiiiiii it et eete et e e et e e e eaae e e eeabe e e e ebaeeeennns 41
4.1.6. Enabling ISP or MJPEG Feature at RUNTIME.......c.coiiiiiiieeiee ettt sttt st s 41
4.1.7. Configuring the Driver and Applying the PatCh........coouiiiiiiiiiie e 42
4.2. Customizing the Reference Design for the Avant-X Versa Board...........cceceerieeriieeniieeieeniiieeee e 42
5. Compiling the REFErENCE DESIGN .....ueeiiiiieeeeeee ettt et e e e et e e e et e e e e ate e e seabaaeeeabbeeeessseesassaaeeensbeeeenstaeeennseens 46
5.1. Configuring the Reference DesSiN PArameEters .......cuieiccuieeeiiieee ettt etvee e e ste e e e eaaee e sstbeeeseabaeeeesaaeessbeeaans 46
5.2. Assigning a Revision for EACh BItSTrEaM .....ccc.uiii ittt e e e tee e e et e e e e aba e e e eateeessabaeeeeaseeeeannes 46
5.3. Configuring the Lattice Radiant Software to Compile the Reference DeSign ........ccceecveeeiiveeeecciieeeecieee e, 47
5.4. GENErating the BitSTraM . .c . uiii e e e e s e e e et e e e s tee e e e s s taeesesaeeeesnseeeesnsreeeensaeesnnnnes 49
6. Implementing the REfEreNCE DESIZN .......ueiieiiiieiceiee sttt ettt e et e e s e e et e e s s ate e e ssteeeesstteeessseeesanseaeesnsseesanssenesnnnees 50
6.1. [ e LV L=l =T [T =T o =T o SRS 50
6.1.1. Avant-X Versa Board and NVIDIA JESON AGX OFiN .eccuuierieriiienieiiiieeriteesieeesteesieeesitessbeeesseessseeessaessseessaeesane 50
6.1.2.  Avant-X Versa Board and NVIDIA JEtSON AGX ThOF ...cccuuiiiiiiieieiiieeeeiie ettt ettt s sire e siee e s sita e e ssanaeas 51
6.2. SOFEWArE REGUITEIMENTS .eeiiiiiiiieee ettt e e e e e e e e e e s e sttt b e s e e e e sesaasbaaseaeeeesaasbsasesaaaesanssssensaessenssssens 52
6.2.1.  JEESON AGX OFiN ..ttt ettt et ettt e e e e e st a b et e e e e e saaaae et e e e e e saaaabeteeeaeaaaanbbeeeeeeeeaannbabaeeeeeesaannnnneeaens 52
6.2.2.  JEESON AGX TROK .etiitiieiteete ettt ettt ettt ettt ettt e a e e bt e e s bt e e be e s bt e s be e e sbeesabt e e steeabeeensteeabeeesaesbeeenanennn 52
6.3. NVIDIA Platform HOST SETUP coouviiieeiiiecciiee sttt e sttt e s e e e s eee e e e st e e e e ateeessnseeeesnsaeeesnteeessnseeessnsseenanes 53
6.3.1.  Jetson AGX Orin DEVEIOPET Kit.......cuieeieiiiricieeeesiieeeestee e sree e s e e e et e e e see e e e set e e e esnteeeesnsneessnsteeesnnsseesannnes 53
6.3.2.  Jetson AGX Thor DEVEIOPEN Kit ....cccuiieieiiieciiee et ee ettt e st e e e e e et e e e st te e e e snte e e esnneeeesnnteeessnsaeesnnneeas 61
6.4. B AT a Y= a TSI V) (=] o ISP UPPRN 72
6.4.1.  Programming the Bit File......ooe it e et e e e e e e et b e e e e e e e e st baaeeeaeeeensaaaeeaeas 72

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

6.4.2. Programming the Golden Bitstream with JUMP Table ..o 75
6.4.3. Testing the Single Camera Video Streaming .......cccueiiiieiiiiiiierieee ettt ettt e s b e saee e 75
6.4.4. Testing the Dual Camera Video Streaming........ccccuiieieiiieieciieee e cteeeetee e erte e e e st e e e s saer e e esaaaeeessseeesnnsaeeennsneas 76
6.4.5. Testing the Camera wWith ISP and MJPEG FEATUIES.......cuuiiiiiieeeiiieeeeieeeeriree e sreeeeser e e seaareesstreeeesneneesnnnneas 77
6.4.6.  Testing the Camera BOOY POSE.......c..uiiiciiii e ecteee ettt e e st e e e et e e e rate e e e stbeeeestseesssseeesnsteeesnnsaeesannnes 78
6.4.7. Testing the Camera TAO PEOPIENET ......c.uuiiiiieee ettt e et e e et e e e st r e e e s sata e e sratseeesntreeeennsaeeennnneas 79
B Yo TU | ol U 411 =Y o [PPSR 80
7.1. Resource Utilization Using the Avant-X Versa Board .........c.ccueoiieeiiieiieiiiieiieesiee ettt 80
7.1.1.  Resource Utilization with Ethernet TOGDE ........ccoociiiiiiiiii et e e ssate e s eanaeas 80
7.1.2.  Resource Utilization with Ethernet 25GDE ..........oocviiiiiiiiiie ettt s saee e 81
S D =Y o 10 =8 1V = d g T Yo [o] Lo =V SRS
8.1. AVANT-X VIS BOAIT ittt ettt sttt ettt e st e st e s bt e sabe e s beesabaesbee s baesbeesabaeenbeesbaeensaeenss
8.1.1. Powering Up the Board
8.1.2.  Verifying the Ethernet CONNECTION ......cocuiiiiiiie ettt ettt e b e e ssee e sbeeesaee e 84
8.1.3.  Running the Streaming Script (lINUX_iMX258 _Player.py) .....ccceecueriereerieeieeieeiesitesiee e esiesee e s sieesee e 86
9. Reference Design CONfigUration TOOI........eiiuiiiiiiiiieiiei ettt et ettt ettt e sat e s bt e e sat e e bt e e sareenaees 88
9.1. [[a 1Sy = = o o RS UPRRNt 88
9.1.1. Windows Defender SMartSCreen Warning .........cccueeeciiieieiiiiieeeciieeeeciee e ertee e e steeeeestrae s seaaaeeestresesnssaessnnsaeas 88
9.2. [NV 0o g ol =T o) £ N 89
9.2. 1. PreViEW VS. SAVE BENAVION ..ciiiiiiiiiieiiieeitit ettt esite st site st e e saa e e ba e s sate s sbe e e saaeebsesssaeesbaeensaeenbaeensaesbaesnseesnss 89
9.2.2.  MIPI CONFIUIatioN IMOES ....c..eeiiiiiiiiiiiieitee ittt ettt ettt e sat e e sbe e sat e e bt e e ate s bt e e saeeebeeeseesbeeenneenane 89
9.2.3. ISP and MIPEG DEPENUENCY .....eeiuiiiiieeiiieiiteeitt ettt ettt st sttt e site s bt e s sate s bt e e satesbeeessteebeeesaeeebeeeseesbeeenneenane 90
9.3. (8Tl T =Y o =TSP 90
L T8 B VLY Tole T o YT o f Y= o T PP 90
o T R |V - Y1 IV T Y o - [ ISP 90
9.3.3. Menu Bar and Keyboard SHOMCULS ........cuiii ittt et e e tre e e et a e e e eaaa e e e etreeeeeataeeeeanaeas 92
9.4. oY1=t Y- o |1 = PR URPRN 94
9.5. CoNFIGUrAtION WOTKFIOW ... .eviiiiiiiiee ettt e et e e e et e e e st e e e e ata e e s abaeeestbeaesantaeeeenseaeessseeaann 94
9.6. 2 ToF e By Y=ol 1 Toll U] T I 1 o] RSP SN 94
9.7. RV T AV o L= Yo B 2 - 1ol U LR 95
9.8. ValIAAtION IMIESSAZES ..veeeeuriieieieieieictteeestiee e e sttt e ssttee e s tteeeessteeesasaaeeessseeeassseeesassneeesasseeeeassaeesasseeesassenesnnssnesannes 95
o< B B - = { g Vo 14 d [l 6o Yo [T TR 95
Appendix A. KNnown 1SSUES and LIMItatioNs .......uiiiiiiiiiiiiiiiee ettt e e e sttt e e e e e s e et it e e e e e e sesaataeeeeeesesnntbaneeeseennes 96
2] (T =T ool TSP PPOPRRPOUPPRNS 97
B=Tel VoY o | VT oY Yo o A AN [ - L o Lo <SRRI 98
[0V R T a1 1] ] YU UPP R RTPPPP 99

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Figures

Figure 1.1.

Overview of Customizable HSB Sensor Interface RD with NVIDIA €COSYStem .......cccceeviienierniieniieenieenieeene 11

FIBUIE 2.1, DiIr@CEONY STIUCTUI oo e s e s e s e s e se s e s e s e s e s e s e s e s e s e sesesssesesesesesasesasesesesesnsnsnsesssnsnnnns 15
Figure 3.1. Jetson AGX ORIN DEVEIOPET Kit ...ccccuuiiiiiiieeeiiieeceiee st ettt e e te e e ettt e e e s tae e e e sate e e ssabaeeesnsseeesnsaeessnseeaesnsseeennnns 16
Figure 3.2. Jetson AGX Thor DEVEIOPET Kil........uiiiiiieeeeiiiieeeiie sttt ettt e ettt e e st e e e e st r e e e esate e e ssataeeesasseeesnseeessnseeeesnsseeennnns 17
FIgUre 3.3. AVaNT-X VEISA BOAIU ......cccieieeiiiieeciies sttt ettt e e e te e e ettt e e e tte e e s eaeteee s sbeeeastaeeeessaaeesanseeeeansseeesssseessnseseesnssesennes 18
Figure 3.4. Holoscan Sensor Bridge IP iN FPGA .........oo ittt ettt e s e bt e s b e e e bt e sbeeesneesbeeenneeeane 19
Figure 3.5. Overview block diagram of MIPI CSI-2 SeNSOr INtErface .......c.ceiiviiriiiiiiieiiieee et 20
Figure 3.6. Reset and Clock Domain Block Diagram for Ethernet 10GDE ..........coceiiiieiiiiiiieniie et 25
Figure 3.7. Reset and Clock Domain Block Diagram for Ethernet 25GDhE ............cceeeiiiiieieiiii e 25
Figure 4.1. Steps Flow to Customize and Verify the Reference DESIZN .......cccuviiviieeeciiie et 27
Figure 4.2. Steps to Generate ISP Lattice Semiconductor Reference Design IP .......ccccvvieeiieiiiciiee e 29
Figure 4.3.Generated ISP [P FOIAEI StIUCTUIE ......cii ittt e ettt e e st e e et e e e e ate e e ssateeeesatseeesnsaeessnseeeeansseeennnes 30
Figure 4.4.LSCC ISP BUilder LINUX OFiN GULL ....coouiiiiiiiiiieite ittt sttt sttt ettt e s bt e s st e sbee s bt e s beeesbeesbeesneesabeeenneenane 31
Figure 4.5. ISP builder GUI with Live IMage Streaming ......ccocuiiiieiiiiiie ettt ettt ettt s b e saeesbeessaeesbeeesaeeeane 32
Figure 4.6. LSCC ISP Builder GUI preview loading the configured JSON file. .......ccoeiiiriiiiiiiniieeeee e 33
Figure 4.7. Generate ConfigUration WINGOW ..........c.eoiiiiiiiiiiiiieie ettt ettt et e s b bt e sbeesneesbeeenneesane 33
Figure 4.8. Ethernet 10GbE (MAC + PHY) IP GENEIAtION ....cccccuiiiiiiiieeeciteeceitee et e et eeette e e seabe e e e e taeeesataeessaseeeesnsseeeennes 34
Figure 4.9. Ethernet 25GbE (MAC + PHY) IP GENEIAtiON ....cccccuiiiiiiiieeeciiee ettt ettt eeesate e e s sate e e e e tv e e e sataeessasaseeeasbeeeennns 35
Figure 4.10. Define Switch Setting in HOLOLINK _def.sVh Fil@ .......c.uiveeiiii ettt eevee e et 37
Figure 4.11. SDC File Setting for Ethernet Ports and Pin AlIOCAtioN ........cocuiiiiiiriiiiiiieiieee et 38
Figure 4.12. PDC File Setting for Camera and Ethernet Configuration .........cccccoeiiiiiiiniiiiiie it 39
Figure 4.13. Screenshot of Lattice Radiant Software Hierarchy File LiSt ........ccccociieiiiriiiiiieiieceeeeeee e 41
Figure 4.14. Avant-X Versa Board BIOCK DI@ram ..........cooveeiiiiiiiiiiie ettt sttt st ettt e st e s st e s baeesaeeeaee 42
Figure 4.15. Required HDL Parameter and DEFINE Switch Configuration ...........cceeeeiiiiiieiiie et 43
Figure 4.16. Required SDC CONFIUIATION .....ccicciiiii e ettt e et e e e e tte e e e tbe e e e s atbeeeeataeessasaeeeenbseeessseeesansesaeansseeeannes 44
Figure 4.17. Required PDC CONFIGUIAtION .....ccccciiii ittt ettt e e et e e e st b e e e eata e e ssabeeeeeatbeeeensaeesnsaeaesnsseaeannes 44
Figure 4.18. Lattice Radiant SOftware Hierarchy FilE..........ooouuii ittt e e et e e e e eate e e e eabee e e e bbeeeennes 45
Figure 5.1. Revision ID assignment in hsb_avtX_Versa_tOP.SV ......cceeccciiieieiiireiiieeeestieeeesteeessseeeesstseessssseesssnseeessssseesannes 46
Figure 5.2. Revision ID Date Code REPreSENtAtioN .......icciiiiieiiireicieeeesiee et e stee e et e e e st e e s saseeeesbaeeesaseeessnseeeessseaesnes 47
Figure 5.3. Lattice Radiant SOfIWAIE ... .coiuii ettt sttt st e e st e s bt e s b e e e bt e s beeesneesbaeeneenane 47
U RN S @ T oY= o I o o {=Tox fl = 1 SRR 47
Figure 5.5. SYNThesis DESIN STIatEEY ...uuuiiiiii it e e e r e e e e e st a e e e e e e seaetaeeeeeeeeasasbbaseeeeeesnssarreeeens 48
Figure 5.6. Place and ROULE DESIGN STratEEY ....uuuiiieiiiiiiiiiiiiee ettt e e e st e e e e e st e e e e e s e aata e e e e e s eeaasbaareeeseessnssanneeaens 48
Figure 5.7. Generate and EXPOrt BitSTream FIle .......coo i iiiiiiiee e e e et e e e e e e et a e e e e e e e e saraaaaeeeas 49
Figure 6.1. Avant-X Versa Board Camera ConNector anNd JUMPET .....ccccviieieciieeiiieeeeriieeeesteeessseeeessvaeessssseesssnseeeessseesnnnes 50
Figure 6.2. Hardware Setup to support 10GDE ETNEINEL.......c.cieiiiiiiiiiii ittt sttt sttt sae e s eesaee e 51
Figure 6.3. Setup with AGX Thor for 10GbE and 25GDhE Ethernet ........ccveiieciiriiciiee et 52
Figure 6.4. Ubuntu Host PC and Jetson AGX Orin Developer Kit SELUP ......cccviiiiiiiieeriie et cseee e etee e e e e e 53
Figure 6.5. Recovery and RESET BULLON ....c.iiii ittt e e e st e e e e e s et b e e e e e e s e aataeeeeeesesnsbaaseeessesnnnsanreeaens 53

Figure 6.6.

0T (Y TS YT gl o T 1 RS PURUROS 54

Figure 6.7. Jetson AGX Orin [64GB developer Kit VEISION] .....cii ittt et e e e e e erabrar e e e e e e e sabaaaeeae s 54
Figure 6.8. Development ENVIroNmMeNnt SEIECTION .......ciiiiiiii e e e e st e e e st e e e s aee e e snseeeeesseeeennes 55
Figure 6.9. Terms and Conditions — LICENSE AGIrEEMENT ....cccccuuiiiiiiiieeiiieeeetee e stee e e stee e e e ee e e s rnaeeeestaeesssnseeessnseeessnsseesanes 55
Figure 6.10. AdMINISTrative RIGNT ........veii et e e st e e et e e s e ete e e snteeeesntaeeesnseeesnseeeesnsseeeanes 56
Figure 6.11. Download Operation and OS IMage CreatioN........ciiiceieeeciiieieiiee e scee e e sire e ee e e e ssereeeestaeeeseneeeessnseeeessseeennnes 56
FIUIE £.12. SDK MA@ I «.ciiieieii i e e e e e e e s e e e e e e e s e s e e e e e s e e e e e e e s e seseseseaeseaesesasasasasasesesasesasasesesaseseseeesesesesnses 57
Figure 6.13. SUMMArY FINQLIZAtION ......uuiiiiiii et e e e e e e e e e e st e e e e e e e s e abataaeeaeeseeansbaaseeeeeesnansaaaeeeeas 57
Figure 6.14. MAXN POWEE IMOTE ........uuiiiiiiii ettt ettt e e e e e ettt e e e e e e e st aa e e e e e e e s s baaaeaeaaeseasnsbaaseaaeseaansbaaseaessesansasrneaaas 59
Figure 6.15. Hardware Setup for FIash JETSON AGX TROK .....ueiiii ittt e e e et e e e e e e e e abaa e e e e e e e esabaaaeeaeas 61
Figure 6.16. AGX Thor Recovery, Reset, and POWET BUTLON ........cccuiiiiiiiie e cceee et e e e et e e snee e e s snsn e e e s eaeeeennes 62
FIgUIe 6.17. SDK IMAN@ZEI LOZIN ceeiiiiiiiiiieieeeeieiitieee e e sttt et e e s s e s aabee et e e e sessabaaeeeeesesassbataeeeeessasssnsaaeeeessanssssanneeessesnnssanseeees 62
FIGUIE 6.18. DEVICE SEIBCTION ...ccueeiei e iieee et eetee et e e e et e sttt e e e st et e e e eee e e s neeeeastaeeeanseeeeanseeeeanseeesanseeesanseeeesnsseeenne 63

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Figure 6.19.
Figure 6.20.
Figure 6.21.
Figure 6.22.
Figure 6.23.
Figure 6.24.
Figure 6.25.
Figure 6.26.
Figure 6.27.
Figure 6.28.
Figure 6.29.
Figure 6.30.
Figure 6.31.
Figure 6.32.
Figure 6.33.
Figure 6.34.
Figure 6.35.
Figure 6.36.
Figure 6.37.
Figure 6.38.

Figure 8.1.
Figure 8.2.
Figure 8.3.
Figure 8.4.
Figure 8.5.
Figure 8.6.
Figure 8.7.
Figure 8.8.
Figure 9.1.
Figure 9.2.
Figure 9.3.
Figure 9.4.
Figure 9.5.
Figure 9.6.
Figure 9.7.
Figure 9.8.

= LATTICE

STEP 01 — Development ENVIFONMENT ...cciiiiii it iiiee ettt stee e et e e st e e s sbae e e ssabaeessaseeessbteeesnssaeessanenns 63
STEP 02 — Details @Nd LICENSE ..cuuuviiiiiiiee ettt eeiee sttt ettt ste e e sttt e e st e e s s ate e e sabe e e snabaeessasteessnsteessnssaeesnaneeas 64
AdMINiStrative RIGNT REQUEST ...ccccuiii ittt e ettt e e rtee e e st e e e e ata e e e sntaeeesatseeeensaeesnseeaesnssesennnes 64
STEP 03 — S@UUP PrOCESS oo eiiiiiiiiiiiieeeeee et e et e e e et e e e e e e et e e e e e e et e e et e e e e e e eeeeeeeeenanens 65
2 OTolo )Y T VA Y Fo Yo TR =] 1=l 4 o o RS 65
Pre-flash OPeration SETUP ...cicciiii ittt e st e e et e e e etae e e stb e e e e ataeeeeasaeeesssseaeenssseesansnneessrenanns 66
Post-flash INStallation DIalOg .........eeeueiriiiiieniee ettt et ettt e sare e sne e e saneenees 66
STEP 04 — SumMmMaAry FINAlZAtion ..c...cooiuieiiiiiiiec ettt st sbe e saee e 67
Flash Console Output for SUCCeSSTUl FIaShing.......c.coiiuiiiiiiiiiiiiee e 68
UnSelect in Details @Nd LICENSE. ... .uiiuiiiiiiieeriee ettt ettt ettt s siee st sa e e et e e sab e e sbee e sateenbaeesabeesbeeesaseenaeas 69
IMAXN POWET IMOTE ...cnivieiiiieiee sttt sttt st e et e st e et sab e s beesaba e s bt e sabeesabaesabeessabeebeeesabeebeeesabeensteesaseenanes 70
Hardware Setup for Bit File Programming........ccccciiiiiciieie et sree et e e e eaaee e s avee e e ataeeesanaaeesnreeeans 73
Radiant Programmer WINOOW .......cc.uiiiiiieeiiiiee et eettee sttt e e et e e s aaeeestbeeesstaeeesnssaeesssseeeensssessannseeesnssenanns 73
SEIECT Cable SELLINGS ....ciieieiiii ettt s e e sb e s bt e bt e s bt e e bte s bt e e bt e s beeenneeebeeenneeeane 74
[T Lo T 4] =T [ I |1 SRR 74
Program DevVice TOOIDAI ICON ...coo.uiiiiiiiiie ettt et ettt sae e e be e e sat e e bt e e sareesnteesaneenees 75
Message 0N SUCCESSTUI PrOGrammMIiNG.......cocueiiiiiriiieriieeite ettt stte sttt e st saee e sbe e saeeesbe e e sareesateesaneenaees 75
Output Image under Different Video Streaming FOrMat........ccceiiiiieeiiiiie e e 78
Live Body Pose EStimation OQULPUL......ceiiiiiiiiiiei ettt r e e e e s e s ant b e e e e e e e e e ansaaneeeeas 78
[V YO 2 =ToT o] (= N T A @ 104 1V PSS 79
Debug Methodology FIOW Chart FOI RD ........ccociiiiiiieiiee ettt ettt ettt sttt sb e st e st e sbeesaneesbeeennee s 82
7-segment Display on the Avant-X Versa Board ........coceioieiiiiiiieniiieneeseeeseese ettt s 83
Ethernet Link EStabliShmeEnt STAtUS .......oocuiiiiiiiie et e e e st e e e s tae e s eaaeeesnreeaeas 84
Data Packet RECEIVEA DY HOST ...cccuuiiiiiiiiieiiiee ettt sttt s e st e st e s e e saneesabeeeanee s 85
ST 1] o LT @101 4 10 S ST 85
(AN NI = { o Yl g Vo FTor=Yu oY o I oY T 5 [0 1) AU USSR 86
VIR (e oI 1D AV A=T £ (o] o OO PPPT PP 86
Camera [2C Configuration Fail LOZ......cuuiiiiiiiieiiiee ettt e e tte e e e ette e e e e ta e e e eata e e e easaaeesasbaeeentaesennnanas 87
(oL TR I g g T Yol =TT T o o oo | PSR 88
CIICK RUN ANYWAY 1..ttieeieiietecciiteeestt e e sttt e e seaaeeeesataeeesateeessusteeesssaeeeassteeesansseeesasseeeasnsaeesasseeesnsseeeesnssaesannseeessnsenes 89
VW EICOME SCIEEN ..ttt sttt sttt ettt s bt e et e sa bt e s bt e sa bt e e bt e sa b e e eabeesabeesabeesabeeenbeesabeeeaseesabeeenneeebeeeneennne 90
Main Workspace — Avant-X Versa BOArd ..........c.uuueeiiiiiiiiiiiiie ettt sesttee e e e eesiatvaese e e e e s sntaae e e e s s e snnnnaanaeaes 91
FIIE IMIBNU ..ttt ettt e e ettt e sttt e e s bt e e e e bt e e e s abbeeesabbeeeanbaeesaasbeeesabbeaeesabaeesanneeeesnreaannn 92
Application SEtLiNGS DIalOg BOX ....uuiiieiiiiiiiiiiiee ettt e sectre e e e e e e e st e e e e e e e e ssabbareeeeeeseasstseeeaeseesnnstraneeessennes 93
FAN o Jo U A D IT- ] Lo = = T ) USSR 93
ClOSE ProOJECE DIGlOZ BOX ...veruveiiiieiieieiiieeitt ettt ettt sit ettt stt e ettt e sat e e bt e s bt e sttt e s bt e s bt e e sabessbeeesaseebteesaneenneeesnseennes 95

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Tables

Table 1.1. Summary of Avant-X Versa Board with NVIDIA JetSon AGX OFiN .....coceierieriiiiiieniieeeseeesieeesiee et sieessvee e 12
Table 1.2. Summary of Avant-X Versa Board with NVIDIA Jetson AGX ThOF .......ccuuiiiiiiieeeciie et ere e e e s 12
Table 2.1. FOlder StruCtUIe DESCIIPLION ... vvieeeieeeccteee et ee ettt ee e e st e e e rtte e e s stae e e s taeeeestaeessnssaeesssseeesnseessnssneeeansreseanes 15
Table 3.1. Supported Bayer processing and CONVEITET STEPS ....uiiivuiieeiiieeeeiiieeeiieeesireeeestreeessreeessreeesssssesssssseesssssessannes 21
Table 3.2. Supported RGB processing and CONVEITEI STEPS...ccuuiiiiiieeeiitieeeeiieeeesiteeessreeeestreeessseeessreeesssssessssssesssnsseseannes 21
Table 3.3. Supported YUV444 processing and CONVEITET STEPS .....coivuiiiieriiiieiieriet ettt siee et site st seeesbe e saeessbeeesaee e 21
Table 3.4. Clock Domain Distribution for Reference Design with Ethernet T0GDE ...........ccccooiiiiiiiiiiiineniicceeceeee 26
Table 3.5. Clock Domain Distribution for Reference Design with Ethernet 25GbE ..........cccccooiiiiiiiiiiineieeeeceeee 26
Table 3.6. Reset Distribution for 10GbE and 25GDE EhErNet......ccovuiiiiiiiiiiiiiieciieerie ettt s 26
Table 4.1. MIPI CSI-2 RX D-PHY [P Configuration OPLiONS ......c..uiiieiiieeiiieeeeciie e esteeeseeeeeite e e siteeeestvee e eanaessnnaeeesnsreeennnns 28
Table 4.2. Generated ISP IP Folder Structure DeSCriPLiON ......c.uiii e eciiee et ettt e s re e et e e ete e e e stre e e eaee e e snaaeeeensreeeennns 30
I o (N e TR o T =Y o o] F= Y = 1= TSRSt 38
Table 4.4. PDC Pin Assignment for 2D Array for MIPI Data Lane........cocuiiiiieiinieiiiiieiieeite ettt st s e 40
Table 4.5. ISP or MJPEG Parameters Enablement in HAardWare ..........oocveeiiiiiie et cseee e stee e e sane e e e e 41
Table 4.6. Configuration for the Reference Design to fit into the Avant-X Versa Board .......ccccoeeeeviiieneeniieeneeenieeneeene 42
Table 5.1. Board ID Representation in HEXad@Cimal ........c.coouiiiiiiiiiiiieeeee ettt s 46
Table 6.1. Avant-X Platform and Jetson Module Compatibility........ccccccvirieiiiii i 50
Table 6.2. IMX258 Test Command Parameters and Default ValUES ........cocvivrieiiiiiiieiiiicsie et 75
Table 6.3. IMX258 Test Command Parameters and Default ValUES ........cocvivrieiiiiiiieiiiicnie e 76
Table 7.1. Logic Consumption for Each Instance Available in the Reference DesSign .......ccccvvevvcieeeeriieeeniieeeerieeeesieee e 80
Table 7.2. Comparison between the Reference Design Utilization and the Avant-X Device Resources Available............. 80
Table 7.3. Logic Consumption for Each Instance Available in the Reference DesSign ......cccccvveerieeeeiiierieiieeeerieeeesiree e 81
Table 7.4. Comparison between the Reference Design Utilization and the Avant-X Device Resources Available............. 81
Table 9.1. Supported MIPI Configuration Modes by Lane Rate..........ccccuiiieeiiiieiiiieecciieeeeitee e ervee e e stre e e eeare e e seaaae e e streeeennes 89
Table 9.2. Supported File and FOIder Drop LOCAION ......ccuiiiiciiieicciiee e citee ettt eete e e st e e e ette e e e eteeeesabbeeeenseeeesnsaeeeensbeeeannes 90
B o (o e T = To =T o R ole Yo Yo Y=ot 4 V7 Y AU USSRt 91
TabIE 9.4, CAMEIAS IMIPL ...ttt ettt ettt e ettt e sttt e e e s bb e e e e bttt e s aabteesaabbeeeaasbaeesaabteeesabbeeesnbaeesansaeessbbeeennnee 91
Table 9.5. AAVANCEA FRATUIES . ..eiiiii ettt ettt et b e e b e s bt e e bt e s bt e e bt e s be e e see s beeesateebaeeseeebeeennneenns 91
LI o] (S B TR = o =T I o [=T o 41 Y SRS 92
Table 9.7. EdItor tabs @nd STATUS ......oocuiiiiiiiee ettt ettt e bt e ae e e b bt e s beeenaeeenee 92
Table 9.8. Menu Bar Actions and Keyboard SHOItCULS ...........eiii i e e e e e e e e ebaaree e s 92
Table 9.9. Application Settings Option and DESCIIPLION ......uiiiiii i e e ee e e e e e e et brr e e e e e e esnbaareeeens 93
I 1 LI O N oo 1WA D=1 o - PSPPI 93
Table 9.11. Message Indicators and Recommended ACLION..........cuuiiiiiiii i e e e e s ebaareee s 94
Table 9.12. Board-Specific Features and CONSTIAINTS ......c.ueiieiiiiiiiiieeecieeeeriee e esee e ste e e st e e s saeeeesbbeesssaaeeeesnsneeesnreeesnnes 94
Table 9.13. Configuration Data SAved t0 EACh File .......couiiiieiie ettt e st e e ee e e s nae e e e snreeeennes 95
Table 9.14. Message Status INdicator DefiNitiONS ......ciiiiiieieiiir e s e e e e e st e e s aae e e ssnaeeeesareeeennes 95
Table 9.15. Diagnostic Codes, Causes, and ReECOMMENAEA FIXES......ccciciieieiiiiiiiieeeiiieeeeete e esee e stte e e esaee e sseaneeesnreesennee 95

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Customizable HSB Sensor Interfaces on Lattice Avant-X Platforms

Reference Design

= LATTICE

Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviations Definition
APB Advanced Peripheral Bus
AOC Active Optical Cable
AXI Advanced eXtensible Interface
AXIS AXI4-Stream
AWB Automatic White Balance
BOOTP Bootstrap Protocol
CDC Clock Domain Crossing
CRC Cyclic Redundancy Check
CMOS Complementary Metal-Oxide-Semiconductor
CUDA Compute Unified Device Architecture
DCT Discrete Cosine Transform
DDR Dual Data Rate
DDRDLL Dual Data Rate Delay-Locked Loop
DPHY Digital Physical Layer
EBR Embedded Block RAM
ECB Ethernet Control Bus
FPGA Field-Programmable Gate Array
FW Firmware
GUI Graphical User Interface
HDL Hardware Description Language
Hex Hexadecimal
HIF Host Interface
HSB Holoscan Sensor Bridge
12C Inter-Integrated Circuit
ICMP Internet Control Message Protocol
IP Intellectual Property (Core)
ISP Image Signal Processing
LSCC Lattice Semiconductor Company
LUT Look-Up Table
MAC Media Access Control
MIPI Mobile Industry Processor Interface
MIJPEG Motion JPEG (video encoded as a sequence of JPEG images)
MPCS Multi-Protocol Communication Stack
NGC NVIDIA GPU Cloud
PCB Printed Circuit Board
PCS Physical Coding Sublayer
PDC Platform Design Constraint
PFU Programmable Function Unit
PLL Phase-Locked Loop
PTP Precision Time Protocol
PMA Physical Medium Attachment
PROM Programmable Read-Only Memory
QSFP28 Quad Small Form-factor Pluggable 28
SDK Software Development Kit
SERDES Serializer/Deserializer
SFP Small Form-factor Pluggable
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Abbreviations Definition

SPI Serial Peripheral Interface
STA Static Timing Analysis
UDP User Datagram Protocol
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1. Introduction

This user guide describes the reference design for customizable HSB sensor interfaces on Lattice Avant™-X platforms.
The supported platform includes the Avant-X Versa Board. This board acts as the Holoscan Sensor Bridge (HSB)
between sensors and the NVIDIA host. The customizable interfaces in this reference design are divided into two
interface categories.

e Sensor Interface
This reference design targets a MIPI CSI-2 camera sensor. The sensor interface is designed to be flexible and
scalable, allowing you to integrate multiple camera sensors based on your requirements. The system supports
various configurations to meet diverse imaging needs.

e Host Interface
The host interface focuses on Ethernet connectivity and supports multiple link speeds to accommodate varying
data throughput requirements. This enables seamless communication between the sensor bridge and host
systems.

Note: On the Avant-X Versa Board, one Ethernet port and one camera connector are available for testing.

The primary objective of the reference design is to establish a robust and reliable bridge between the HSB interfaces
and the NVIDIA host. The reference design leverages the NVIDIA Holoscan Sensor Bridge solution and integrates
smoothly within the broader NVIDIA ecosystem, enabling high-performance sensor data processing and transmission.
An overview of the key components of the NVIDIA Holoscan Sensor Bridge solution and ecosystem is as follows:

1. Sensors
e  Targets the MIPI CSI-2 camera sensor.

2. Holoscan Sensor Bridge
e Lattice Avant-X Versa Board functions as the Holoscan Sensor Bridge solution.
e Performs sensor data pre-processing to reduce computational load on the host system.
o The reference design targets the Lattice Avant-X device (LAV-AT-X70 speed grade 3).
The key components of the reference design include:
e Sensor Interface
e Supports MIPI CSI-2 camera sensors that are highly configurable to accommodate various camera
sensors with different MIPI lanes and lane rates.
e Hololink IP
e Acts as a bridge between the sensor interface and the host system.
e Handles data encapsulation, synchronization, and buffering to ensure smooth transmission of high-
throughput sensor data.
e Host Interface (Ethernet link)
e Provides a high-speed Ethernet link to the host, supporting 10GbE or 25GbE speeds.
e Enables low-latency and high-bandwidth communication.
3. Host (NVIDIA Jetson AGX Orin/Thor Platform)
e  Runs the Holoscan SDK to process incoming data.
e Performs real-time Al inference, visualization, and decision-making.
e Streams processed data to the cloud or other edge devices.
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Figure 1.1. Overview of Customizable HSB Sensor Interface RD with NVIDIA ecosystem
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1.1.1. Avant-X Versa Board with Jetson AGX Orin/Thor
Table 1.1. Summary of Avant-X Versa Board with NVIDIA Jetson AGX Orin

Target Devices

Avant-X FPGA (LAV-AT-X70-3LFG1156C)

General - :
Source code format Verilog and SystemVerilog
Functional simulation N/A
. X Timing simulation N/A
Simulation
Testbench N/A
Testbench format N/A

Software Requirements

Software tool and version

Lattice Radiant™ software version 2026.1.0.37.0

IP version (if applicable)

CSI-2/DSI D-PHY RX IP v2.2.0

0OSCIPv2.1.0

PLLIPv2.6.1

Ethernet 10GbE IP core v3.3.1 (MAC + PHY)

Image Signal Processing (ISP) Lattice Semiconductor Reference
Design IP v1.1.1

Launch LSCC ISP Builder Linux Orin v1.1.0
MIJPEG Lattice Semiconductor Reference Design IP
Hololink IP v2606

Host Software (AGX Orin)

JetPack 7.2

NVIDIA Holoscan SDK 4.4.0
NVIDIA Jetson Linux 39.2
HSB SDK 2.7.0

Hardware Requirements

Avant-X Versa Board
IMX258 camera module

Board
e  Ethernet 10GBase-T (Cat 6 RJ-45) SFP+ module (10G Ethernet)
e  Display Monitor
Host e NVIDIA Jetson AGX Orin Developer Kit
s
. M.2 2280 NVMe SSD 512GB
Cable e  DisplayPort cable

Ethernet Cat 6 cable

Table 1.2. Summary of Avant-X Versa Board with NVIDIA Jetson AGX Thor

Target Devices

Avant-X FPGA (LAV-AT-X70-3LFG1156C)

General - -
Source code format Verilog and SystemVerilog
Functional simulation N/A
. i Timing simulation N/A
Simulation
Testbench N/A
Testbench format N/A

Software Requirements

Software tool and version

Lattice Radiant software version 2026.1.0.37.0

IP version (if applicable)

CSI-2/DSI D-PHY RX IP v2.2.0
0OSCIPv2.1.0

PLLIP v2.6.1

Ethernet 10GbE IP v3.3.1 (MAC + PHY)
Ethernet 25GbE IP v2.2.0 (MAC + PHY)

Image Signal Processing (ISP) Lattice Semiconductor Reference
Design IP v1.1.1

LSCC ISP Builder Linux Thor v1.1.0
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e  MIJPEG Lattice Semiconductor Reference Design IP
e Hololink IP v2606

e  JetPack 7.2

. NVIDIA Holoscan SDK 4.4.0
. NVIDIA Jetson Linux 39.2

e HSBSDK?2.7.0

Host Software (AGX Thor)

e  Avant-X Versa Board
e  |MX258 camera module (2 units required to enable dual

Board

camera setup)
. e Display Monitor
Hardware Requirements .
Host e NVIDIA Jetson AGX Thor Developer Kit
e  DisplayPort cable

Cable e 100G QSFP28 to 4x25G SFP28 Breakout Active Optical Cable

(AOC)

1.2. Quick-Start Guide

IMX258 Camera Streaming Setup, refer to the Implementing the Reference Design section

This section provides instructions for setting up and streaming video from the IMX258 camera module to the NVIDIA
Jetson AGX Orin or Thor developer kit over a 10GbE or 25GbE Ethernet connection.

Jetson AGX Orin Developer Kit Setup
This section covers the steps for setting up the NVIDIA Jetson AGX Orin developer kit

Jetson AGX Thor Developer Kit Setup
This section covers the steps for setting up the NVIDIA Jetson AGX Thor developer kit

1.3. Features

Key features of the reference design include:
e Sensor Interface
e  Supports one or more camera sensors.
e Designed to be customizable, allowing flexible configuration of the MIPI CSI-2 RX D-PHY interface.
e Enables integration of various camera types.
e Intesting, the Avant-X Versa Board is used with a single MIPI CSI-2 camera.
e Performs data pre-processing, supporting raw MIPI CSI-2 data capture as well as optional image processing
such as ISP-based image enhancement and MJPEG image decoding.
e Hololink IP
e Acts as a bridge between the sensor interface and the host system.
e Implements Ethernet packetization and supports streaming DMA, control interfaces, and transport abstraction.
e Enables low-latency, high-throughput data transfer from sensors to compute platforms.
e  Supports Precision Time Protocol (PTP) per IEEE 1588-2019 specification. PTP synchronizes Hololink IP internal
time with the host time, enabling the host to act as the Time Transmitter and send PTP packets.
e Host Interface (Ethernet link)
e  Supports Ethernet channels with a link speed of 10GbE or 25GbE.
e Uses UDP over Ethernet to stream sensor data directly to GPU memory.
e Enables real-time Al inference and visualization with minimal latency.
e In testing, the Avant-X Versa Board is used with a single Ethernet port configured for either 10GbE or 25GbE.

Features are enabled and implemented according to the targeted platform configured as Holoscan Sensor Bridge. For
detailed instructions, see the Customizing the Reference Design section. You can tune the reference design to meet
your own platform requirements.
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1.4. Naming Conventions

1.4.1. Nomenclature

The nomenclature used in this document is based on Verilog HDL.

1.4.2. Signal Names

e _nare active low (asserted when value is logic 0)
e _jareinputsignals

e _oareoutputsignals

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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2. Directory Structure and File Overview

Figure 2.1 illustrates the directory structure of the reference design.

<project_folder>

precompiled_file

fpga_lavat

radiant

= | hsb_avtx_versa.rdf
[ hsb_avb_strategy.sty
impl_1
src
rt
ip

constrants

| HOLOLINK_def.svh

versa top 7] hsb_avtx_versa_top.sv
top

sens_if
misc
host_if
clln_rst

hsb_avtx apb2axidl

hololink

eth_106b

eth_25Gb

mipi_csi2_rx_dphy

ose_pll

Isp

Figure 2.1. Directory Structure

Table 2.1. Folder Structure Description

Reference
Design Specific

Folder/File

Description

Common
Folders/files

radiant/src/rtl/hsb_avtx/

This folder contains HDL code for the sensor interface, host
interface, top-level design, and other components.

radiant/src/rtl/hololink/

This folder contains the encrypted Hololink IP. The current version
is v2606.

radiant/ip/

This folder contains IP cores used in the reference design, such as
the oscillator, PLLs, MIPI CSI-2 RX D-PHY IP, Ethernet 10GbE IP (MAC
+ PHY), and Ethernet 25GbE IP (MAC + PHY).

radiant/ip/ISP/

This folder contains ISP and MJPEG Lattice Semiconductor
Reference design IP.

radiant/hsb_avtx_strategy.sty

This file is the strategy file used for both reference designs. Custom
settings are applied to improve place-and-route results.

radiant/imp_1

This folder contains reports and logs generated during FPGA
bitstream compilation.

precompiled_file /

The folder consists of the FPGA compiled bitstream for the
reference design.

Avant-X Versa
Board

radiant/hsb_avtx_versa.rdf

This file is the Lattice Radiant software project file for the Avant-X
Versa reference design.

radiant/src/constraints/hsb_avtx_vers
a.sdc

The SDC file for Avant-X Versa board is used to configure the
intended Ethernet physical pins.

radiant/src/constraints/hsb_avtx_vers
a.pdc

This file contains the PDC file for the Avant-X Versa Board.

radiant/src/rtl/hsb_avtx/top/versa_to
p/hsb_avtx_versa_top.sv

This file is the Avant-X Versa reference design top file.

radiant/src/rtl/hsb_avtx/top/versa_to
p/HOLOLINK_def.svh

This file contains define switches for the Avant-X Versa reference
design.

Note: When customizing your reference design, you must modify the files shown in Figure 2.1.
e  radiant/src/rtl/hsb_avtx/top/versa_top/HOLOLINK_def.svh
e  radiant/src/rtl/hsb_avtx/top/versa_top/hsb_avtx_versa_top.sv

e  radiant/src/constraints/hsbh_avtx_versa.sdc

e  radiant/src/constraints/hsb_avtx_versa.pdc
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3. Functional Description

3.1. NVIDIA Host Developer Kits

This section provides an overview of the NVIDIA host developer kits, highlighting key features of the Jetson AGX Orin
and Jetson AGX Thor developer kits. For additional information, refer to the NVIDIA Developer webpage and search for
Jetson Developer Kits.

3.1.1. Jetson AGX Orin Developer Kit

Figure 3.1. Jetson AGX ORIN Developer Kit

The NVIDIA Jetson AGX Orin is a compact, high-performance edge Al platform for workloads that require substantial
on-device Al processing. It delivers 200—-275 INT8 TOPS of compute through an Ampere-architecture GPU with 1,792—-
2,048 CUDA cores and 56—64 Tensor Cores. The system integrates either an 8-core or 12-core Arm Cortex-A78AE CPU
running up to 2.2 GHz and 32 GB or 64 GB of LPDDR5 memory with 204.8 GB/s bandwidth. These resources enable
efficient execution of complex Al pipelines and high-throughput data streams.

Jetson AGX Orin supports the NVIDIA software stack, including Isaac for robotics, DeepStream for vision Al, and Riva for
conversational Al, allowing you to build applications across multiple Al domains.

Jetson AGX Orin provides a single Multi-Gigabit Ethernet (MGBE) interface. Depending on the carrier board and PHY
implementation, the interface typically supports 1GbE, 2.5GbE, 5GbE, and 10GbE Ethernet. This bandwidth is sufficient
for receiving UDP-based sensor data from a Holoscan Sensor Bridge, although it operates at lower throughput than
NVIDIA Thor’s 25GbE Ethernet interfaces. In the current reference design, only the 1GbE and 10GbE Ethernet link
speeds are enabled.

Jetson AGX Orin supports Precision Time Protocol (PTP) through its integrated MGBE interface, enabling accurate time
synchronization with attached sensors. The platform fully supports UDP transport, providing low-latency, real-time
data streaming. Although its Ethernet bandwidth is lower than that of NVIDIA Thor, Orin can accommodate multiple
sensor inputs as long as the combined throughput remains within the capacity of the MGBE interface.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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3.1.2. Jetson AGX Thor Developer Kit

Figure 3.2. Jetson AGX Thor Developer Kit

The NVIDIA Jetson AGX Thor is a next-generation robotics and physical-Al computing platform built for highly
demanding real-time sensor workloads. It provides up to 2,070 FP4 TFLOPS of Al compute powered by the NVIDIA
Blackwell GPU architecture, offering more than 7.5x greater Al performance and substantially improved energy
efficiency compared to Jetson AGX Orin.

The system integrates 128 GB of LPDDR5X memory with 273 GB/s of bandwidth, enabling efficient handling of
large-scale multimodal data streams, including high-resolution camera, LiDAR, and radar inputs. To meet real-time
robotics requirements, Jetson AGX Thor includes a 14-core Arm Neoverse-V3AE CPU that provides deterministic
compute performance for sensor fusion, perception, and rapid decision-making. When combined with the NVIDIA
Holoscan framework, the platform can execute complex sensor pipelines with sub-10 ms latency, supporting advanced
autonomous-system and robotics workloads.

The Jetson AGX Thor provides high-bandwidth Ethernet connectivity for integration with the Holoscan Sensor Bridge.
The system includes a QSFP28 interface supporting four 25 Gbps Ethernet links, delivering a combined throughput of
100 Gbps. This capacity allows the host to ingest multiple high-rate UDP sensor streams from imaging and ranging
devices without performance bottlenecks. Thor also incorporates a 5GbE RJ45 Ethernet port that can be used for
system control, secondary data paths, or redundancy, depending on system requirements.

All high-speed Ethernet interfaces on Jetson AGX Thor support IEEE-1588 Precision Time Protocol (PTP), enabling
accurate alignment of sensor timestamps when used with the Holoscan Sensor Bridge. This capability is essential for
synchronized streaming across multiple sensors, including cameras, LiDAR, radar, and microphones. Thor also provides
full UDP transport support, offering low-latency, non-blocking data delivery suitable for real-time systems. With its
25GbE Ethernet links, the platform can maintain continuous high-throughput UDP streams, ensuring reliable
frame-level sensor data reception even under heavy system load.
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3.2. Lattice-Powered Holoscan Sensor Bridge Platform

This section provides an overview of the targeted Lattice-powered Holoscan Sensor Bridge platform. The supported
Avant-X platform includes the Avant-X Versa Board.

3.2.1. Avant-X Versa Board

Figure 3.3. Avant-X Versa Board

The Lattice Avant-X Versa Board is the FPGA platform used to implement the Holoscan Sensor Bridge for this
application. It features the Avant-X FPGA, a mid-range device designed for high-throughput sensor processing,
including 25 Gbps SERDES, advanced security features (AES-256-GCM, ECC512/RSA4096 authentication, and SHA-3),
and extensive 1/0 connectivity, including FMC+, PMOD, SMA, and high-speed Ethernet interfaces.

As part of the NVIDIA Holoscan ecosystem, the Avant-X Versa Board implements the FPGA-based Holoscan Sensor
Bridge, which packetizes high-speed sensor data such as MIPI CSI-2 camera streams and transmits the data through
10GbE or 25GbE to the host platform with ultra-low latency. This usage aligns with the Lattice Customizable HSB Sensor
Interfaces reference design, which supports both the CertusPro™-NX and Avant-X Versa boards for MIPI CSI-2-to-
Ethernet bridging within the Holoscan workflows.

Integrating the Avant-X device into the Holoscan pipeline enables flexible, real-time sensor ingestion, allowing you to
efficiently stream and process sensor data directly on NVIDIA Jetson AGX Orin or Thor platforms. It’s high memory
bandwidth (supporting LPDDR4/DDR5 up to 2,400 Mbps) and validated 25GbE Ethernet IP cores help ensure robust
performance for demanding Al-driven sensing systems. For more details about the Avant-X Versa Board, refer to the
Avant-G/X Versa Board User Guide (FPGA-EB-02063).

3.3. Hololink IP and Customizable Interfaces

3.3.1. Overview

The NVIDIA Holoscan Sensor Bridge FPGA IP works with the Holoscan software to provide a sensor-agnostic platform
that transfers data from various sensors to an Ethernet-connected host.

The Holoscan Sensor Bridge FPGA IP comprises three main components: the Sensor Interface IP, the Hololink IP, and
the Host Interface IP. The block diagram of the Holoscan Sensor Bridge FPGA IP is illustrated in Figure 3.4. The Sensor
Interface and Host (Ethernet) Interface blocks are implemented using FPGA vendor-specific logic. In this reference
design, Lattice Semiconductor is responsible for integrating and maintaining the IP for both the Sensor Interface and
Host Interface components.
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Figure 3.4. Holoscan Sensor Bridge IP in FPGA

The Holoscan Sensor Bridge FPGA IP streamlines FPGA development, offering scalability and configurability to support
a wide range of sensor-to-host applications.

Key functions of the Holoscan Sensor Bridge IP include:

Encapsulation of sensor data: Converts AXI-Stream sensor data into Ethernet UDP AXI-Stream format for host-side
processing.

Network protocol support: Implements BOOTP, ICMP, and NVIDIA-defined Ethernet Control Bus (ECB) protocols.
Event and control packet transmission: Sends enumeration and control event packets based on predefined
conditions.

Peripheral interface control: Manages SPI, 12C, and GPIO interfaces to configure sensors and other onboard
components.

A detailed explanation of the NVIDIA Hololink IP is provided in the NVIDIA documentation webpage. Search for
Holoscan Sensor Bridge and then select the respective HSB SDK release. Review the document for further
understanding. This section provides only an overview of the IP.

3.3.2. Sensor Interface

3.3.2.1. MIPI CSI-2 RX D-PHY Sensor Interface

The customizable MIPI CSI-2 camera sensor interface has two capabilities:

Scalability

Refers to the ability of the MIPI CSI-2 sensor interface to increase or decrease the number of sensor interfaces
based on user platform requirements.

Configurability

Refers to the ability to configure each camera sensor interface individually, such as setting different MIPI CSI-2
sensor lane numbers and lane rates.
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MIPI CSI-2 Payload Data to AXI-Stream Payload

Figure 3.5 shows the block diagram of the MIPI CSI-2 sensor interface, which outputs MIPI CSI-2 RAW data, MJPEG
bitstream, or ISP YUV422 data format.

MIPI CSI-2 Sensor Interface [CAM_NUM-1:0]

{mjpeg_sel_en, isp_sel_en} mjpeg_sel_en || isp_sel_en
axis CDC buffer
Yuva22 8 or 64 bits
32 bits 32 bits payload
ISP to AXIS <@> axis_packer axis_reg axis_buffer : AXi-Stream )
rfipi_lane_clk_in| 8/16/32
MIPI CSI-2 bits 8 or 64 bfts
RX [ payloa
—— DPHY payload[*:0) byte_clk  pixel_clk
@ pi_data_lane payload_en pixel_clk pixel_clk pixelclkc - siclk AXi-Strear
axis CDC buffer
8 or 64 bits
MIPI CSI-2 32 bits 32 bits payload
oyl payload AXi-Stream axis_packer/\,‘@"> axis_reg axis_buffer :m
AXIS
1 f 1 1

byte_clk byté,c\k by(e‘iclk byte‘,clk ‘svf,dk

Figure 3.5. Overview block diagram of MIPI CSI-2 Sensor Interface

The MIPI CSI-2 sensor interface includes five primary components: MIPI CSI-2 RX D-PHY instance, MIPI CSI-2 RAW10 to
AXIS, ISP to AXIS, MJPEG to AXIS, and AXIS CDC buffer. The number of MIPI CSI-2 sensor interfaces varies based on the
assigned number of cameras.

1.

MIPI CSI-2 RX D-PHY Instance

The MIPI CSI-2 RX D-PHY instance instantiates MIPI CSI-2 RX D-PHY IPs that serve as the primary interface for MIPI
CSI-2 image sensors. The reference design targets the LAV-AT-X70 device package; therefore, only the soft MIPI
CSI-2/DSI RX D-PHY IP is supported. This configurable IP block receives MIPI CSI-2 data streams and converts them
into 8-bit, 16-bit, or 32-bit parallel data, depending on the lane configuration selected during IP generation.

The IP allows you to set the MIPI CSI-2 lane rate based on the requirements of the camera sensor. It also generates
an output byte clock derived from the data type and forwards it to the AXIS blocks. If the sensor provides a continuous
D-PHY clock, you should disable the RX_FIFO and drive clk_byte_fr_i directly using clk_byte_hs_o.

Compared to the hardened version, the soft MIPI CSI-2 RX D-PHY IP has performance limitations that vary by FPGA
family and package. For detailed specifications and configuration guidance, see the CSI-2/DSI D-PHY RX IP Core User
Guide (FPGA-IPUG-02081).

The MIPI CSI-2 RX D-PHY instance supports the PRESET MIPI configuration method, which means the MIPI CSI-2 RX
D-PHY IP is pre-generated before FPGA image compilation. The number of MIPI CSI-2 RX D-PHY IPs that are pre-
generated is listed in the Generating the IP section.

MIPI CSI-2 RAW10 to AXIS

The MIPI CSI-2 RAW10 payload data is converted into an AXI4-Stream (AXIS) interface. The module extracts image
data packets from the CSI-2 stream and reformats them into AXIS-compliant payloads for downstream processing.
This conversion supports parallel RAW10 output in 8-bit, 16-bit, or 32-bit formats, as supported by the MIPI CSI-2
RX D-PHY IP.

ISP to AXIS Instance

The ISP to AXIS instance consists of two main functional components:

a. Byte-to-Pixel Conversion module

b. ISP IP module
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The Byte-to-Pixel Conversion module performs clock-domain crossing between the MIPI CSI-2 byte clock domain and
the pixel clock domain. Incoming MIPI CSI-2 RAW10 payload data is unpacked and converted into a pixel-formatted
data stream suitable for ISP processing. This pixel-formatted data is then processed by the image processing functions
enabled within the ISP IP. All ISP processing runs in the pixel clock domain, with the pixel clock set to 160 MHz. The
current Byte-to-Pixel conversion module supports only MJPEG operation; the supported resolution is to 1920 x 1080.

The ISP IP allows you to select an ISP processing configuration that best suits your application requirements. Three
processing domains are supported within the ISP pipeline: Bayer, RGB, and YUV. These domains form a sequential
processing pipeline, not parallel paths. Color-space conversion stages (Debayer, RGB-to-YUV, and
YUV444-to-YUV422) determine the transition points between processing domains. Regardless of the selected ISP
functions, the final output of the ISP IP is always YUV422 for Holoscan application.

The current version of the ISP IP supports a limited set of ISP algorithms and processing steps in three color spaces
including Bayer, RGB, and YUV. The supported ISP steps are detailed in the following tables.

Table 3.1. Supported Bayer processing and converter steps

Bayer Processing Descriptions Available Configurations

Black Level Correction (BLC)

Correct per-plane black offset on Bayer data.

Per-channel black level offsets.

Digital Gain (DG)

Apply gain on Bayer domain.

Per-channel gains.

Image Statistics

Collect image statistics (passthrough step).

Output Min/Max/Avg, bright/dark
count thresholds.

Bayer converter

Descriptions

Available Configurations

Debayer (Linear 3x3)

Convert Bayer to RGB.

None

Table 3.2. Supported RGB processing and converter steps

RGB Processing

Descriptions

Available Configurations

Black Level Correction (BLC)

Apply RGB-domain black-level correction.

Per-channel offsets.

Digital Gain (DG)

Apply RGB gain.

R/G/B gain, per-channel mode.

AWSB (Gray World)

White-balance correction using the gray
world algorithm

None

Color Correction Matrix
(ccm)

Color correction using 3x3 transform.

Matrix coefficients.

1-Dimensional Look-Up-Table
(LUT1D)

Tone and gamma curve remapping.

Curve type and curve parameters via
LUT dialog.

RGB converter

Descriptions

Available Configurations

RGB2YUV

Convert RGB to YUV444.

None

Table 3.3. Supported YUV444 processing and converter steps

YUV444 Processing

Descriptions

Available Configurations

Chroma Saturation

Adjust U/V saturation strength.

Saturation gain.

Sharpen Luma sharpening with unsharp mask. Gaussian window size, sharpen
amount, threshold.

YUV444 converter Descriptions Available Configurations

YUV444toYUV422 Convert YUV444 to YUV422. None
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The output payload format of the ISP IP is fixed to YUV422. Based on the MUX control signal, the YUV422 payload is
either routed to the MIPEG IP or forwarded to the Hololink IP after being converted into an AXI-Stream
(AXIS)-compliant payload.

MIJPEG to AXIS

When the MJPEG MUX control signal is selected, the YUV422 payload output from the ISP instance is routed to the
MJPEG IP for compression. The MJPEG IP encodes the incoming video stream as a sequence of independent JPEG
frames. Each frame is processed using the standard JPEG compression pipeline, including DCT, quantization, and
Huffman encoding. However, unlike conventional JPEG mode, the Huffman table is not embedded in each frame
header; instead, the encoder assumes the use of the standard JPEG Huffman table internally.

By excluding the Huffman table from every frame header, MJPEG mode reduces header size and minimizes overhead,
making it well suited for continuous video streaming applications such as camera interfaces and real-time data
transmission. Despite this optimization, the encoding process and output format remain JPEG-compliant, with each
frame properly terminated by an End-of-Image (EOI) marker. This approach is particularly efficient in systems where
the decoder already has knowledge of the standard Huffman tables and does not require them to be transmitted
repeatedly.

The resulting MJPEG bitstream is output after being formatted into an AXI-Stream (AXIS) compliant interface. The
MJPEG IP operates with a pixel clock of 160 MHz and supports 1920 x 1080 (Full HD) resolution. When a four-lane
MIPI sensor is used, the MIPI lane rate must not exceed 400 Mbps. This MJPEG IP is a Lattice Semiconductor
proprietary reference design provided in encrypted form and is integrated as part of the Holoscan reference design.

AXIS CDC Buffer

e AXIS Packer Module:
A key feature of this module is its handling of the TKEEP signal, which indicates the validity of individual bytes
within each data word. The AXIS Packer filters out invalid TKEEP bits, ensuring that only valid image data is
included in the output stream. This helps maintain data integrity and prevents downstream modules from
processing corrupted or incomplete payloads.

e AXIS REG Module
The AXIS Reg module acts as a simple register stage within the AXIS data path. Its primary function is to shift
and hold one cycle of AXIS data, which helps manage timing, pipeline depth, and synchronization between
modaules.

e AXIS Buffer Module
The AXIS Buffer module receives AXI4-Stream data from the AXIS Reg module and transfers it through a
dual-clock FIFO (DC_FIFO) to support clock domain crossing (CDC). This enables reliable data movement
between components that operate in separate clock domains.
Key functions include:
e Data buffering: Temporarily stores AXIS data and control signals to manage timing differences.
e Clock-domain crossing: Uses a DC_FIFO to safely transfer data between asynchronous clock domains.
e  Flow control: Maintains AXIS protocol integrity using TVALID, TREADY, and TLAST signals across domains.

The AXIS Buffer module is essential in systems where the CSI-2 receiver and downstream AXIS processing
blocks operate on separate clocks, ensuring smooth and reliable data streaming.
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3.3.3. Host Interface through Ethernet Link

The Avant-X device provides high-speed Ethernet connectivity using integrated IP cores and external transceiver
modules. This section describes the available 10GbE and 25GbE Ethernet configurations, along with their key
components, integration methods, and functional behavior.

3.3.3.1. Ethernet 10GbE Support with 10GBase-T SFP+ Transceiver

The Avant-X device supports 10GbE Ethernet using SFP+ transceivers, enabling high-speed data communication for
bandwidth-intensive applications. The solution integrates multiple IP cores and hardware components.

Key Components:
e MACIP Core
Manages Ethernet frame-level operations, including encapsulation, CRC generation, and flow control. Interfaces
with system logic using AXI or Avalon, depending on the FPGA architecture.
e PHY IP Core (PCS + PMA)
Handles low-level physical layer functions and interfaces directly with the SFP+ module.
Features:
e Encoding/Decoding: Supports 64b/66b schemes.
e  Scrambling/Descrambling: Maintains signal integrity.
e Link Synchronization: Establishes and maintains a stable link.
e High-speed serial PMA interface to the SFP+ module
e Error Handling: Optional Forward Error Correction (FEC) for enhanced reliability.
e 10GBase-T SFP+ Transceiver Module
A compact, hot-swappable module for 10GbE Ethernet connectivity.
Features:
e Hot-Swappable: Enables module replacement without shutting down the system.
e  Media Support: Compatible with copper and fiber (for example, SR for short-range, LR for long-range).
e Diagnostics: Supports real-time monitoring of temperature, power, and signal quality.
e Transmission range: Varies from a few meters (copper) to tens of kilometers (fiber).

The MAC and PHY IP cores work together to prepare and transmit Ethernet frames through the SFP+ module. This
setup ensures high-speed, low-latency communication suitable for advanced networking applications.

3.3.3.2. Ethernet 25GbE Support with 25GBASE-SR SFP28 Transceiver

The Avant-X device supports 25GbE Ethernet using 25GBASE-SR SFP28 transceivers. This setup uses the Lattice 25GbE
Ethernet MAC+PHY IP core, providing high-speed 25 Gbps connectivity. The integrated MAC and PHY communicate
through a 25-Gigabit Media-Independent Interface (25GMII), enabling seamless data transmission and reception
between the host system and Ethernet networks in 25GBASE-R applications.

Key Components:
e MACIP Core
Manages Ethernet frame processing, enforces media-access rules, supports flow control (pause frames, PFC),
CRC/FCS checks, and collects statistics. Operates on a 128-bit data path at 195.3125 MHz with AXI4-Stream TX/RX
interfaces.
e PHYIP Core
Handles PCS (64b/66b encoding) and PMA for the serial interface, with lane merging, loopback modes, and
AXl4-Lite management.
e 25GBase-SR SFP28 Transceiver Module
A compact, hot-swappable module used for 25GbE connections.
Features:
e Hot-swappable: Enables module replacement without shutting down the system.
e  Media support: Compatible with fiber (for example, SR for short range, LR for long range).
e Diagnostics: Supports real-time monitoring of temperature, power, and signal quality.

The 25GbE Ethernet MAC+PHY IP core integrates with the SFP28 module to process and transmit Ethernet frames,
providing high-speed, low-latency 25 Gbps communication for advanced networking applications.
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3.4. Multi Camera Frame Synchronization

Multiple camera frame synchronization is achieved through a common synchronized signal generated from the FPGA.
Camera sensors and modules from different vendors typically allow an external triggerable signal,
FSIN/FSYNC/XVS/XTRIG, to be connected to start capturing the video frame. Synchronizing cameras allows two or more
cameras to achieve stereo vision and makes depth computation possible.

In the Holoscan Sensor Bridge FPGA, a module named vsync_gen is provided to generate an IEEE 1588 PTP time-
stamping-based signal source to be connected to the external trigger signal of the camera to achieve synchronization.

The PTP Time Stamping synchronized signal allows multiple cameras in the Holoscan Sensor Bridge environment to
achieve sub-microsecond synchronization.

The vsync_gen module is clocked by ptp_clk in the system; hence, all the counters run at a resolution of approximately
10 ns.

Below are the parameters and configurations allowable in the vsync_gen modules, programmable through HSB SDK.
e PERIOD (10, 30, 60, 90, 120 Hz)

e  PULSE EXPOSURE (pulse width) programmable at a resolution of 10 ns

e  DELAY START programmable at a resolution of 10 ns

e  START VALUE (polarity), active high or active low

3.5. Dual-boot Feature

Dual-boot allows an FPGA to store and load multiple configuration bitstreams (images) from an external SPI flash. This
capability provides a reliable fallback mechanism, ensuring the system remains operational even if a primary or
alternate configuration becomes corrupted. In a typical deployment, the FPGA contains a primary bitstream (default
boot image) and a golden bitstream (safe recovery image).

Key functional behaviors are described below:

e Normal boot flow
Upon power-up, the device attempts to load the primary bitstream. If loading fails, the FPGA automatically falls
back to the golden bitstream, ensuring a valid configuration is always active.

e  Fallback and robustness
If the FPGA fails to load an alternate bitstream, such as when a bitstream is corrupted, it automatically falls back to
the golden bitstream.

e  External flash address mapping
Each bitstream image is assigned to a fixed starting address in SPI flash. These addresses must match those defined
in the design (example boot_addr parameters) and in the Radiant Deployment Tool configuration.

For more details on the multi-boot feature of the Lattice Avant platform, refer to the Lattice Avant Multi-Boot User
Guide (FPGA-TN-02314).
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3.6.

Clocking and Reset Scheme

3.6.1. Avant-X Versa Board
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FPGA device (LAV-AT-X70)
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The following tables list the clock frequencies and their distribution.

Table 3.4. Clock Domain Distribution for Reference Design with Ethernet 10GbE

Clocks Frequency (MHz) | Description

usr_clk 322266 :gzs;_tgllitacrizc:i;i;i?_d as a reference clock for the PLL to generate system clocks (such
pcs_clk 160 PCS calibration clock.

OSC_IN_125MHz 125 Platform clock input used for debug hook signals.

eth_refclk_p 156.25 External Ethernet reference clock.

hif_clk 156.25 Host interface clock used as AXIS clock for host interface.

sif_clk 156.25 Directly assigned from hif_clk and is used as the AXIS clock for the sensor interface.
apb_clk 19.5313 APB bus clock.

ptp_clk 100.45 MHz Precision time protocol clock.

Table 3.5. Clock Domain Distribution for Reference Design with Ethernet 25GbE

Clocks Frequency (MHz) | Description

usr_clk 195.3125 Elt:cekr':gtuljhz(sc;:?_uctlkc)l.ock used as a reference clock for the PLL to generate system
pcs_clk 160 PCS calibration clock.

eth_refclk_p 156.25 External Ethernet reference clock.

hif_clk 195.3125 Directly assigned from usr_clk and is used for host AXIS interface.

sif_clk 195.3125 Directly assigned from hif_clk and is used as the AXIS clock for sensor interface.
apb_clk 19.5313 APB bus clock.

ptp_clk 100.45 MHz Precision time protocol clock.

Table 3.6. Reset Distribution for 10GbE and 25GbE Ethernet

Clocks

Description

sw_sen_rst[NUM_CAM-1:0]

Register-controlled sensor reset. The reset signal width increases based on the number
of assigned cameras. Details are discussed in the Customizing the Reference Design
section.

Register-controlled system reset. Used to reset system-level logic. Also triggers reset for

SW_sys_rst hif_rst, apb_rst, and sif_rst.
apb_rst Reset APB logic.

hif_rst Reset Host logic.

sif_rst Reset Sensor logic.

ptp_rst Precision time protocol reset.
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4. Customizing the Reference Design

4.1. Customization Steps for the Reference Design

This section provides a detailed walkthrough of the steps required to configure and to verify the customized reference
design. Figure 4.1 illustrates the steps involved to enable customization and support for various customer-specific
configurations. However, details on reference design compilation and implementation are described in the Compiling
the Reference Design section and Implementing the Reference Design sections.

The screenshots provided in this section are for reference only. The details may vary depending on the version of the IP
or software being used.

A\

HDL parameter/ Platform Design
HsB Bo.ard IP generation DEFINE switch Constraint
Selection
configuration Configuration

Figure 4.1. Steps Flow to Customize and Verify the Reference Design
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4.1.1. Selecting the Holoscan Bridge Board

Customization of the reference design depends on the target hardware platform. The design can be implemented on
Lattice-provided platforms, such as the Avant-X Versa Board or on a user-designed custom platform. In this reference
design, several HDL parameters are preset for specific platforms to simplify integration; these mappings are described
in later sections. If you are developing a custom platform, you can define additional parameters to meet your system
requirements.

4.1.2. Generating the IP

4.1.2.1. MIPI CSI-2 RX D-PHY IP generation

The reference design enables the MIPI CSI-2 RX D-PHY IP to interface with MIPI CSI-2 camera sensors. The reference
design uses the Preset configuration method.

Preset Configuration Method

The MIPI CSI-2 RX D-PHY IP is generated based on the specifications of the camera sensor being used. The key
parameters to configure include:

e Number of data lanes

e MIPI lane rate

e  Gear Ratio (fixed to 8)

e  MIPI synchronizer clock frequency (fixed to 160 MHz)

These parameters must be correctly set before generating the IP to ensure compatibility with the camera sensor. The
gear ratio for the Avant-X family device is fixed at 8, and the MIPI synchronizer clock frequency in the reference design
is set to 160 MHz. The reference design also provides preconfigured MIPI CSI-2 RX D-PHY IPs for you to choose from.
Table 4.1 shows the available IP configuration options that you can select. The IP is selected based on user settings, as
described in the HDL Parameter and DEFINE Switch Configuration section.
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Table 4.1. MIPI CSI-2 RX D-PHY IP Configuration Options

MIPI Lane Rate (Mbps) MIPI Lane Number MIPI RX DPHY IP name
1lane mipi_csi2_rx_DPHY_720Mbps_1L.ipx
720 2 lanes mipi_csi2_rx_DPHY_720Mbps_2L.ipx
4 lanes mipi_csi2_rx_DPHY_720Mbps_4L.ipx
960 2 lanes mipi_csi2_rx_DPHY_960Mbps_2L.ipx
4 lanes mipi_csi2_rx_DPHY_960Mbps_4L.ipx
1,440 4 lanes mipi_csi2_rx_DPHY_1440Mbps_4L.ipx
1,500 4 lanes mipi_csi2_rx_DPHY_1500Mbps_4L.ipx

4.1.2.2. Byte-to-Pixel Conversion IP
The Byte-to-Pixel conversion IP is a Lattice Semiconductor reference design IP provided in encrypted form and integrated
as part of the reference design. The IP is located under the ./radiant/src/ip/ISP/b2p_raw10raw8/ directory.

This module performs clock-domain crossing between the MIPI CSI-2 byte clock domain and the pixel clock domain.
Incoming MIPI CSI-2 RAW10 payload data is unpacked and converted into a pixel-formatted data stream suitable for ISP
processing.

Limitations: The current implementation supports MJIPEG operation only; at a fixed resolution of 1920 x 1080.

4.1.2.3. ISP Reference Design IP

The ISP IP is a Lattice Semiconductor proprietary reference design IP provided in encrypted form and integrated as part
of the reference design. The IP is located in the radiant/src/ip/ISP/mISP/ directory.

Specifications:

e Input format: Pixel-formatted data stream at 1920 x 1080 (Full HD).
e  Output format: YUV422 or YUV422 with AXI-Stream-compliant data.
e  Clock domain: Pixel clock, fixed at 160 MHz.

The ISP IP sub-functionality is user-configurable. To optimize image quality for your specific environment, tune the ISP
configuration and regenerate the ISP IP. Figure 4.2 illustrates the steps involved in developing and deploying the ISP
reference design IP in a Holoscan application.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

o 1) System setup for ISP configuration tuning
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Figure 4.2. Steps to Generate ISP Lattice Semiconductor Reference Design IP

4.1.2.3.1. System Setup for ISP Configuration Tuning with Live Image Streaming

Before proceeding, ensure the following prerequisites are met:

e The system must first be prepared for Holoscan system testing using the Avant-X Versa Board platform with
NVIDIA Jetson AGX Orin or Jetson AGX Thor Host. Follow the procedure in the Implementing the Reference Design
section of this document.

e The generated FPGA bitstream includes support for the ISP hardware module. You can use demo FPGA bitstream
which is provided in the Avant-X Customizable HSB Sensor Interfaces Reference Design — Source Code.

Note: Verify that the MIPI-CSI2 image streams successfully on the Jetson AGX Orin or Thor host before proceeding.

In addition to the system setup for ISP configuration tuning, the LSCC ISP Builder Linux Orin or LSCC ISP Builder Linux
Thor software is also required. Copy the tool to the NVIDIA Jetson AGX Orin or Thor Host. These tools are included with
the reference design. The software is tested on NVIDIA Jetson AGX Orin or Thor Host, which runs on Linux OS. The
software tool (Iscc_isp_builder_linux_orin) is located in the radiant/src/ip/ISP/mISP/Iscc_isp_builder/ directory of the
Customizable HSB Sensor Interface reference design.

4.1.2.3.2. ISP Configuration Tuning with Live Image Streaming

Step 1. Launch LSCC ISP Builder Linux Orin or LSCC ISP Builder Linux Thor software

To run the newly copied LSCC ISP build on AGX Orin/Thor for the first time, you must first grant executable permissions
using the command below.

chmod +x lscc_isp_builder/lscc_isp_builder_linux_orin

chmod +x 1lscc_isp_builder/lscc_isp_builder_linux_thor

By default, the reference design includes a pre-generated ISP IP with JSON configuration file. Use this file as a baseline
configuration to improve image streaming quality. The JSON file is in the directory shown Figure 4.3 and described in
Table 4.2.
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ip 15P mlsP Iscc_isp_builder

b2p_raw10rawd

MIPEG

_internal
generated holoscan_isp isp_gen
generator lut1d

© Iscc_isp_builder.exe [7] holoscan_isp.json

D lscc_isp_builder_linux_orin
D Iscc_isp_builder_linux_thor
|=| release_note.tt

-| Iscc_isp_builder_status.log

Figure 4.3.Generated ISP IP Folder Structure

Table 4.2. Generated ISP IP Folder Structure Description

Folder/File

Description

Iscc_isp_builder/release_note.txt

Release note about the ISP builder includes version number and
quick start steps to execute ISP builder.

Iscc_isp_builder/Iscc_isp_builder_linux_orin

Linux executable file used to tune ISP configuration with live
image streaming on NVIDIA Jetson AGX Orin Host.

Iscc_isp_builder/Iscc_isp_builder_linux_thor

Linux executable file used to tune ISP configuration with live
image streaming NVIDIA Jetson AGX Thor Host.

Iscc_isp_builder/Iscc_isp_builder.exe

Executable file used to generate ISP IP using JSON config file as
input.

Iscc_isp_builder/generator/

Folder consists of the ISP IP generator related files .

Iscc_isp_builder/generated/holoscan_isp/isp_gen

The path that defined by user when generating the ISP IP. This
folder consists of the generated ISP IP files.

Iscc_isp_builder/generated/holoscan_isp/holoscan_isp.json

This JSON file is generated based on the JSON configuration file

used to generate the ISP IP.

Run the LSCC ISP Builder Linux Orin or LSCC ISP Builder Linux Thor software on the host. When the GUI launches,
change the camera streaming option to Network Stream to enable ISP live stream tuning. Load the pre-generated JSON
configuration file as the initial configuration (see Step 1 in Figure 4.4).

Input/Output Specification:

e Input: Bayer-patterned RAW10 data

e  Output: YUV422 format

e Target resolution: 1920 x 1080 (Full HD)

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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LSCC ISP Builder v1.1.0 S & 6
ISP Processing Pipeline Preview

Input Type: =]
Net 127.0.0.1:50051 Tuning ' ‘eview

Open Camera x

Source: Network Stream 2]
Q Camera Index:

® Scale:|1/4 | Rate:|Mid

holoscan_isp @Inisle Host: 127.0.0.1
Port: 50051
Stage 1: Bayer
N BLC Offsets (P P2,P ol e oK ‘ Cancel |
Black Level Correction (BLC)
Stage 2: RGB
Bayer -» RGB: Debayer LIN3 (RGGE 5| x
SN s T @ load example JSON
. . q M LUTID Gamma: 1.75 RL| S Wi X file
Maintain thej following B 5955 -
config; ® DG Gains (R,G8): (0.91,091 A REE
i) JSON file name: o b B el —- ISP configuration
) Black Level Comection (BLC) 2
holoscan_isp @ from example JSON
. Stage 3: YUV. X
”) input type RGB - YUV: RGB2YUV RGB2YUV (BT ¢ X file
Bayer m Chroma Saturation x0.64 I
|||) Output type Chroma (Saturation) Sli
YUV422 Stage 4: YUV422
YUV - YUV422: YUV444_TO_422 ample chroma: 4:4:4 — 4:2; X Image Statistics
R LEPRIONL Mean: — Min: — Max: —

Loaded configuration from holoscan_isp.json.

Figure 4.4.LSCC ISP Builder Linux Orin GUI.

Step 2. Enable Live Image Streaming Preview

Ensure Step 1 is complete before proceeding. Run the following commands on the Orin or Thor host terminal.

cd holoscan-sensor-bridge

sh docker/build.sh --igpu

xhost +

sh docker/demo.sh

python3 examples/linux_socketop_imx258.py --runtime-mipi=0 --focus=-200

A live streaming preview is displayed on the GUI as shown in Figure 4.5.

Step 3. Tune the ISP Configuration

Use the GUI to add or remove ISP processing functions and adjust the parameters of each ISP function using the
available function icons (see Figure 4.5).

Configure: Click the Configure button ( = ) beside a selected step to adjust its parameters.
Reorder: Use the Move Up ( =1 ) and Move Down ( =! ) controls to modify processing order.

Add: Select a step from the drop-down menu at the bottom of each color spare and click Add ( + ).
Remove: Click the Remove button ( X ) to delete an unneeded step.

The live streaming image serves as the benchmark for evaluating and optimizing ISP processing functionality as
enhancements are applied and tuned.
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Notes:

1. Averylow frame rate is used during ISP image streaming tuning. Once the desired ISP configuration is finalized, save the ISP
settings to a JSON file for IP generation.

2. The changes to the video streaming preview are executed by the ISP software model. The ISP configuration setting is tuned
using the ISP software model; then the tuned configuration is used for ISP IP generation. There might be a slight difference in
image quality between the tuned image preview done by ISP software model compared to the actual ISP IP hardware
implementation due to fixed-point precision and rounding behavior in hardware.

Lsccise Save ISP config ° C @
ISP Processing Pipeline @ to JSON file

Input Type: | Je® J I e s
~Net 127.0.0.1:50051 Tuning Preview-

® Scale:[1/4 | Rate:[Mid 4| wx]

holoscan_isp E‘ ﬂ ﬂ 1

-Stage 1: Bayer -

W BLC Offsets (PO,P1,P2,P3): (14,14,14,14) | A
[Black Level Correction (BLC) J4 ]

Stage 2: RGB
 Bayer -» RGB: Debayer LIN3 (RGGB)
W AWB Gray World
M LUTID Gamma: 1.75
-
|

x

BLC Offsets (R,G,B): (29,29,29)

DG Gains (R,G,B): (0.91,0.91,0.91)
M CCM Matrix: [1.75,-0.72, -0.03, -0.23, 1.38, -0.15...]
[Black Level Correction (BLC) ]

[

x

A
o

B

@ Live image streaming preview

-Stage 3: YUV.

= RGB - YUV: RGB2YUV RGB2YUV (BT.601) x| [ =
® Chroma Saturation x0.64 W = -
| [CHEJ}Fa (saturation) — o+ ‘ -Image Statistic:
' — Mean: R 37.7 G382 B35.7 Min:RO GO BO Max:R131 G158 B163
~Stage 4: YUV422
YUV - YUV422: YUV444 _TO_422 Subsample chroma: 4:4:4 — 4:2:2 ﬁ —r;
No compatible steps for this color space @ 0 \ﬁ/lw\a‘y}‘
ISP config icon e SO
|Network stream connected.
Figure 4.5. ISP builder GUI with Live Image Streaming
4.1.2.3.3. ISP IP Generation

Note: The LSCC ISP Builder (Iscc_isp_builder.exe) tool must run on a local PC with Windows OS and the Lattice Radiant
software installed. The tool is included as part of the reference design and is located in
/radiant/src/ip/ISP/mISP/1scc_isp_builder/ directory.

To generate the ISP IP:

1. Launch Iscc_isp_builder.exe on the local PC.

2. When the GUI opens, load the configured JSON file (holoscan_isp.json). The configured ISP settings are displayed in
the GUI, as shown in Figure 4.6.

Click Generate Configuration. A pop-up window appears as shown in Figure 4.7.

Specify the Lattice Radiant software installation path and the output directory for the generated ISP IP. The
recommended output path is
radiant\src\ip\ISP\mISP\1lscc_isp_builder\generated\holoscan_isp\isp_gen\

5. Click Generate RTL.

Note: Choosing a path other than the recommended directory requires changes to the Lattice Radiant project file.

The generated ISP IP is produced in encrypted format. Output log files, and the JSON file used for generation are placed
in the generated folder as shown in Figure 4.3.
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Figure 4.6. LSCC ISP Builder GUI preview loading the configured JSON file.
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Figure 4.7. Generate Configuration window
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4.1.2.4. MJPEG Reference Design IP

The MJPEG IP is a Lattice Semiconductor reference design IP provided in encrypted form and integrated as part of the

reference design. Its purpose is to compress YUV422 video streams to reduce the overall video bandwidth for systems

with low throughput requirement. The RTL of MJPEG IP is located in the radiant/src/ip/ISP/MJPEG/ directory.

Specifications and constraints:

e Input format: YUV422 only

e  Clock domain: Single pixel clock, fixed at 160 MHz

e  Default resolution: 1920 x 1080 (Full HD)

e Compression: Baseline JPEG using standard quantization and Huffman tables per JPEG ITU-T Recommendation
T.81.

e Compression ratio: Approximately 40:1 for natural scenes

Note: The underlying theory of MJPEG operation is outside the scope of this document.

Due to system clock limitations on the targeted FPGA device, the pixel clock is fixed at 160 MHz. When using a four-
lane MIPI sensor, the MIPI lane rate must be 400 Mbps or less to support Full HD.

Note: The MJPEG format is currently limited to an output frame rate of 30 fps in this release.

4.1.2.5. Hololink IP

The Hololink IP is developed and maintained by NVIDIA. The latest Hololink IP source code is available of GitHub at the
following link, GitHub - nvidia-holoscan/holoscan-sensor-bridge at 2.7.0. Currently, the reference design integrates the
latest available Hololink IP, which is version 2606.

4.1.2.6. Ethernet IP Generation

Specific Ethernet IPs are required to support 10GbE or 25GbE link speeds in the Avant-X device. To support a 10GbE
link speed, the 10Gb Ethernet (MAC + PHY) IP Core v3.3.1 is used. To support Ethernet 25GbE link speed, the 25Gb
Ethernet (MAC + PHY) IP Core v2.2.0 is used. The 10GbE and 25GbE Ethernet Lane IDs is set to auto for the Avant-X
Versa Board before generating the IP. Figure 4.8. shows the 10GbE Ethernet IP generation, while Figure 4.9 shows the
Ethernet 25GbE MAC+PHY IP generation.

Note: IP version may vary as they are updated periodically. The figures below are for illustration purposes.

Module/IP Block Wizard (on Idc-farm100.latticesemi.com) A X

Configure Component from IP eth_10g Version 3.3.1
Set the following parameters to configure this component

Diagram eth_10gb_mac_pcs Configure IP
| property value
eth 10gb_mac pcs -
AXIS_MOFR- Select IP Option MAC + PHY
2 2 :f' Host Interface APB
axis_rx_tuser_op— < MAC
pad_txn_o— Multicast Address Filtering
pad_txp_o}— TX Pause Frame Generation via Ports
XP_ S .

—4APB_S0 phy_init_done_o}—
—{AXIS_S0 pma_rx0_sigdet_hf o}
—{axis_tx_tuser_i pma_rx0_sigdet_If o}

Statistics Counter Registers

—{pad_refclkn_i rx_staten_o|— ~ PMA Setup-Tr itter Sul B
—pad_refclkp_i rx_statvec_0[27:0]p= TX Amplitude Control [0 - 63] 24
—\pad_rxn_i tx staten o}— TX Pre Cursor [0-31)
i = = TX Post Cursor [0 - 31) 0
—pad_rxp_i tx_statvec_0[27:0] = ~ PMA Setup-Receiver Subgroup
—reset n_i xg_pcsrdy o RX Coupling Mode AC Coupling
—Isysbus_clk_i xg_rx_clk_oj— RX Loss of Sig port Enable =
G R i DFE Enable Enabled
xg_rx_gclk_o}-
xg_rxval_of—
xg_tx_clk_o}— PN
FEC Mode Disabled
xg_tx_gclk_0[1:0]p= Fast Simulation Mode
- PCS Lane ID AUTO
eth_10g Loopback Mode No Loopback

No DRC issues are found.

Generate  Cancel

Figure 4.8. Ethernet 10GbE (MAC + PHY) IP Generation
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SEMICONDUCTOR

| Module/IP Block Wizard X

Configure Component from IP eth_25g Version 2.2.1

Set the following parameters to configure this component.

Diagram eth_25g_mac_pcs Configure IP

*| Property Value

Select IP Option

eth_25g_mac_pcs Multicast Address Filtering 0
AXIS, Mqi - T Pause Frame Generation via Ports |||
il | Sttt ouner Coniguation
- EAXMLSO ) Statistics Counter Registers I
axis_rx_tuser_of—
—{[HHAxis_so Counter Width 32
- i pad_txn_op=
— axis_tx_tuser_i TX Statistics
; pad_txp_of—
—pad_refdkn_i o RX Statistics
A phy_init_done_op—
pad sefakp. ” | rumseup Tansmiersubgree
t 10
pad rn i m_pfe_tuser_o(7:0] TX Amplitude Contral [0 - £3] 2
pad_mp.i r_staten_o— TX Pre Cursor [0- 31] 0
- rx_statvec_o[26:0]mm
reset_n_i T# Post Cursor [0-31] 1]
= rx_pfc_tready_i[7:0]
. tx_statvec_o[28:0]k RX Coupling Mode AC Coupling
— sysbus_clk_i d =~
. Xg_pcsray_op— RX Loss of Sig port Enable v
- tx_pfc_tuser_i[7:0] 9P
xg_rx_gdk_oj— DFE Enable Enabled
xg_tx_gak_of= RX Adaptive Equalization Enable
RX Attenuation Block -13dB
= e T
FEC Mode Disabled
Fast Simulation Mode O
PCSLane D AUTO
< Loopback Mede Mo Loopback
41 >
User Guide Mo DRC issues are found.

Figure 4.9. Ethernet 25GbE (MAC + PHY) IP Generation
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4.1.3. Configuring the HDL Parameter and DEFINE Switch

Configure the HDL parameters and DEFINE switches to reflect the desired hardware setup. These configurations modify
the HDL design prior to compilation and affect the following aspects:

Number of camera sensor interfaces

MIPI CSI-2 RX D-PHY configuration

e Method: Preset MIPI CSI-2 RX D-PHY IP configuration (configure the number of lanes per camera sensor and
the MIPI lane rate used for each camera sensor)

Image preprocessing

e ISP decoding or MJPEG compression on (enabled by default)

Number of cameras reset outputs

12C control peripherals for each camera sensor

AXI-Stream ports connecting the sensor interface to the Hololink IP

AXI-Stream ports connecting the Hololink IP to the host interface (Ethernet link)

Ethernet link speed: 10GbE or 25GbE

Number of Ethernet links used as host interface

Ethernet PCS lane ID configuration

These changes should be made in the DEFINE file to ensure proper integration. The DEFINE file is located at:
<project_name>/fpga_lavat/radiant/src/rtl/hsb_avtx/top/versa_top/HOLOLINK_def.svh

Configurations such as camera reset outputs, 12C camera controls, and AXI-Stream ports for the sensor/host interface
are automatically configured based on the number of camera sensors and assigned Ethernet 10GbE or 25GbE links.
Figure 4.10 shows the DEFINE switches that need to be changed in the HOLOLINK_def.svh file. These settings must be
carefully configured to ensure the HDL design reflects the intended hardware setup and supports the required camera
sensor interfaces.
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<project_name>/fpga_lavat/radiant/src/rtl/hsb_avtx/top/versa_top/HOLOLINK_def.svh

Configure Sensor Interface Settings

£ SENSOR_IF_INST

Sensor in

f/ camera : BEGIN

define RX_LANE_NUM }
define NUM CAM " SEN:

ult value, can

nly 2 camera used the following value
T{4 i
g, 4} g
T{4, 4, 4} ;
.4, 4, 4]
IPI BATE in

ete

1lowing value { ea

ion using PRESET MIPI CONFIG

ridden by user

a 0}
2 0}

{camera 1, ca

: Default value, can be overridden by user

Configuring number of camera sensor used;
Example: camera sensor =4

='{ 2, 2, 4, 4};
param int USR_MIPI_RATE Mbps [ NUM _CAM-1:0] = '{ 3€0, Sed, 720, 720} ;
- camera 0
= camera 1
: camera sensor define : END camera 2
B camera 3

PRESET MIPI CSI-2 RX D-PHY configuration method is selected
then users are required to configure the number MIPI data lanes
and MIPI lane rate for each camera sensor;

Example:

Camera 0 is using Mipi data lane = 4 & MIPI lane rate = 720Mbps
Camera 1 is using Mipi data lane = 4 & MIPI lane rate = 720Mbps
Camera 2 is using Mipi data lane = 2 & MIPI lane rate = 960Mbps
Camera 3 is using Mipi data lane = 2 & MIPI lane rate = 960Mbps

/ sensor interface: image processing : BEGIN

fine MJPEG_EN 1
define ISP EN 1

Configure Host Interface Settings

// Define Ithernet Rate

ISP preprocessing and MJPEG compression hardware capability
is implemented in hardware by default. To enable the its
functionality is done using software control register

’ define HOLOSCAN_ETH_35C

// HOLOSCAN_ETH_10C OR HOLOSCAN_ETH_25C

Selecting Ethernet speed link either 10GbE or 25GbE

HOST_IF_INST
HOST_IF_INST

¢ Host Interface define : BEGIN

define NUM_ETH "HOST_IF_INST

¢ Host Interface define : END

Host interface instantiation number

Configuring number of Ethernet port

Example: Ethernet port = 1port

Figure 4.10. Define Switch Setting in HOLOLINK_def.svh File

Note: Figure 4.10 shows an example of setting four camera sensors. If more or less cameras are required for the
intended reference design, the array size for USR_NUM_RX_LANE['NUM_CAM-1:0] and
USR_MIPI_RATE_Mbps['NUM_CAM-1:0] will change. Therefore, the data assigned to it are trimmed or added based on

the intended camera number usage.
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4.1.4. Configuring the Platform Design Constraint

Once the HDL design configuration is finalized, platform design constraints in both the SDC and PDC files are updated.
The reference design include SDC and PDC template files; their locations are listed in Table 4.3.

Table 4.3. PDC Template Files
Reference design

PDC template file location

<project_name>/fpga_lavat/radiant/src/constraints/hsb_avtx_versa.sdc

Avant-X Versa Board

<project_name>/fpga_lavat/radiant/src/constraints/hsb_avtx_versa.pdc

set ETH NUM 1
set ETH_PCS_LANEID(0) 24
set ETH_PCS_LANEID(1) 25

Mumber of Ethernet port
(select between 1 or 2)

lde_set_lo
lde_set_loca

tion -site [MPQE_REFCLEP} [get_ports eth_refclk pl

Pin assignment for
on -site {MPQE_REFCLEN} [get_ports eth_refclk_n]

Ethernet port is
configured accordingly

if {3ETH_PCS_LANEID({0) = 24} {
lde_set_loca -site [MPQ&_RXON]} [get_ports {eth_rxad n[0]}]
ldc_set_locat -site {MPQE_RX0OP} [get_ports {eth_rxd pl[0]1}]
lde_set_locat -site [MPQ&_TXON]} [get_ports {eth_txad n[0]}]
ldc_set_ -site {MPQE_TXOP} [get_ports {eth_txd pl[0]1}]
} elseif [$3ETH_PCS_LANEID{0) == 25} |
lde_set_location -site {MPQE_RXIN} [get_ports {eth_rxd n[01}]
lde_set_. -site [MPQ&_RX1P]} [get_ports {eth_rxad pl[0]}]

locatio

locatio

ldc_set_location -site {MPQé_TEIN} [get_ports {eth_txd n[0]}]
ldc set_location —site {MPQ€ TX1P} [get ports {eth txd pl[0]1}]
b

if {3ETH NUM = 2} {
if [$ETH PCS_LANEID(1) == 24} {
ldc_set_location -site {MPOE_RXON} [get_ports {eth_rxd n[17}1

lde_set_locatio
ldc_set_locatio

-site {MDQE RX0P}
-site {MPOE_TKON}

[get_ports
[get_ports

{eth_rxd pll1}]
{eth_txd nlllHl

lde set location -site [MPQE TXOP} [get ports {eth txd p[l]}]
} elseif {3ETH PCS_LANWEID(l) = 25} |{

lde set location -site {MPQE RXIN} [get ports {eth rxd n[l]}]

ldc_set_location -site {MPQ€_RX1P} [get_ports {eth_rxzd plll}]

lde_set_locat

-site {MPQE_TX1N}

ldc_set_location -site {MPQO€_TX1P}

[get_ports
[get_ports

{eth txd n[l]}]
{eth_txd_plll}]

Figure 4.11. SDC File Setting for Ethernet Ports and Pin Allocation

Figure 4.11 shows the SDC file settings for the Ethernet port configuration and pin allocation. The Avant-X Versa Board
supports a maximum of two SFP+ connectors.
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L Number of camera
= - sensor =1

set CRMO_LRNEno 4
set MIPTlanerate(_inMbps 720
set mipigear0 2

For PRESET MIPI configuration
method, PDC value has to be
precisely configured based on
the requirement number of
camera lane and MIPI lane rate.

set MIPIlanezatel_imMbps 720
set mipigeazl S

set CAM2_LANEno 2
set MIPIlanerate2_inMbps 960
set mipigeazZ &

set CAM3_LANEno 2
set MIPIlanerate3_inMbps 960
set mipigear3 @

i) Number of Ethernet port
used, either “1” or “2”

i) Ethernet speed link used
either “10” or “25" GbE

Figure 4.12. PDC File Setting for Camera and Ethernet Configuration

Figure 4.12 shows the PDC file settings for the number of camera sensors, data lane, and lane rates used for each
camera sensor, as well as the number of Ethernet ports and link speed, configurable to 10GbE or 25GbE. If fewer
cameras are used, the lane numbers for undefined cameras are ignored. For example, if the number of cameras is 1,
the lane number values set for cameras 2, 3, and 4 are ignored.

The steps to update the platform design constraints include:
e  Pin assignment at the top level of the HDL design
e Defining timing constraints

Proper configuration of these constraints is essential to produce the intended reference design. However, the PDC file
template provided with the reference design allows you to choose 1, 2, 3, or 4 camera sensors.

4.1.4.1. Pin Assignment for MIPI CSI-2 Camera Sensor Interface

In this section, the focus is solely on the MIPI CSI-2 camera sensor interface. The pins that need to be updated at the
HDL top level are the camera MIPI clock lane, camera MIPI data lane, camera sensor reset, and camera 12C control.
Special attention is required for the MIPI data lane assignment due to the use of two-dimensional array coding method
at the HDL top-level design.

MIPI clock and data lanes are differential signals, and the pins assigned to them must be high-speed differential I/0
types. For Avant-X FPGAs, the typical I/O type used for MIPI clock and data lanes is LVDS (Low Voltage Differential
Signaling) 1/0 pairs. Special handling is required when setting pin assignments for MIPI data lanes, as the reference
design top level uses a two-dimensional array coding method. This affects how the assignments are defined and
mapped in the PDC file. Table 4.4 illustrates the correct pin assighment approach under these conditions in the PDC file
up to four cameras.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Table 4.4. PDC Pin Assignment for 2D Array for MIPI Data Lane

= LATTICE

Camera System Verilog pin name PDC mapped pin name
mipi_cam_data_p[0][0] mipi_cam_data_p[0]
mipi_cam_data_n[0][0] mipi_cam_data_n[0]
mipi_cam_data_p[0][1] mipi_cam_data_p[1]
mipi_cam_data_n[0][1] mipi_cam_data_n[1]

Camera 0
mipi_cam_data_p[0][2] mipi_cam_data_p[2]
mipi_cam_data_n[0][2] mipi_cam_data_n[2]
mipi_cam_data_p[0][3] mipi_cam_data_p[3]
mipi_cam_data_n[0][3] mipi_cam_data_n[3]
mipi_cam_data_p[1][0] mipi_cam_data_p[4]
mipi_cam_data_n[1][0] mipi_cam_data_n[4]
mipi_cam_data_p[1][1] mipi_cam_data_p[5]
mipi_cam_data_n[1][1] mipi_cam_data_n[5]

Camera 1
mipi_cam_data_p[1][2] mipi_cam_data_p[6]
mipi_cam_data_n[1][2] mipi_cam_data_n[6]
mipi_cam_data_p[1][3] mipi_cam_data_p[7]
mipi_cam_data_n[1][3] mipi_cam_data_n[7]
mipi_cam_data_p[2][0] mipi_cam_data_p[8]
mipi_cam_data_n[2][0] mipi_cam_data_n[8]
mipi_cam_data_p[2][1] mipi_cam_data_p[9]
mipi_cam_data_n[2][1] mipi_cam_data_n[9]

Camera 2
mipi_cam_data_p[2][2] mipi_cam_data_p[10]
mipi_cam_data_n[2][2] mipi_cam_data_n[10]
mipi_cam_data_p[2][3] mipi_cam_data_p[11]
mipi_cam_data_n[2][3] mipi_cam_data_n[11]
mipi_cam_data_p[3][0] mipi_cam_data_p[12]
mipi_cam_data_n[3][0] mipi_cam_data_n[12]
mipi_cam_data_p[3][1] mipi_cam_data_p[13]
mipi_cam_data_n[3][1] mipi_cam_data_n[13]

Camera 3
mipi_cam_data_p[3][2] mipi_cam_data_p[14]
mipi_cam_data_n[3][2] mipi_cam_data_n[14]
mipi_cam_data_p[3][3] mipi_cam_data_p[15]
mipi_cam_data_n[3][3] mipi_cam_data_n[15]

4.1.4.2. Timing constraint for MIPI CSI-2 Camera Sensor Interface

Using the PDC template from the reference design, you can configure the timing constraint for the MIPI CSI-2 camera
sensor interface by assigning the MIPI lane rate as shown in Figure 4.12. In the PDC file, this value will be used to assign
the timing constraint required for the MIPI clock input.
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4.1.5. Verifying the Reference Design Configuration

You are expected to verify whether the configured setting delivers the target reference design. There are two steps
required for you to verify; first, check the Lattice Radiant software hierarchy list to confirm the selected camera
number and camera configuration. Secondly, you need to check the clock summary details in the timing analysis report
to ensure the assigned timing constraint matches the target configuration. Figure 4.13 shows a screenshot of the
reference design implemented on the Avant-X Versa Board. If the verified design is not the target reference design,
review the HDL parameters, DEFINE switch configuration, and PDC configuration.

Radiant Software tool GUI

QaQ Cal8 L]
O vwoorn [ recsroncoom [l votrie

en Project Took Window Hep

Camera Configuration

Camera 3
i) MIPI lan

ii) Number of lanes = 2 La

Camera 2

Ethernet Confi i
__Eihem&‘ 106

OR

__Ememeuss

P DPHY_720Mbps ALsv

ethinst_wrapper top.sv

Radiant Hierarchy File List

File List

Figure 4.13. Screenshot of Lattice Radiant Software Hierarchy File List

4.1.6. Enabling ISP or MJPEG Feature at Runtime

By default, ISP processing and MJPEG compression are supported in hardware. You can confirm this by checking that
the parameters ISP_EN and MJPEG_EN are set to 1 in the HOLOLINK_def.svh file. To conserve FPGA resources, you can
disable these parameters (set to 0) to meet your application resource requirements.

The ISP_EN parameter controls whether the ISP hardware instance is enabled, while MJPEG_EN controls the MJPEG
compression hardware. Table 4.5 shows the relationship between these parameters in hardware enablement.

Table 4.5. ISP or MJPEG Parameters Enablement in Hardware

Configuration Mode ISP_EN MJPEG_EN Description

ISP only 1 0 Enables ISP processing only. MJPEG compression is disabled.

ISP + MJPEG 1 1 Enables both ISP processing and MJPEG compression.
MIJPEG depends on ISP and requires it to be enabled.

ISP disabled 0 X (disabled) Disables ISP. MJPEG is automatically unavailable and its
setting is ignored.

When the ISP processing is enabled in hardware (ISP_EN = 1), with or without MJPEG (MJPEG_EN =0 or 1), the
software controls ISP and MJPEG operation through control registers. Provide the appropriate argument when running
the player command-line tool. For further details on command-line options, refer to the Testing the System section.
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4.1.7. Configuring the Driver and Applying the Patch

The driver configuration must be adapted for the specific reference design. Because each camera sensor uses distinct
12C control signals, the driver must be updated to correctly detect and communicate with the intended sensor,

ensuring proper initialization and operation.

Configuration support for the IMX258 sensor is described in the Building the Holoscan Sensor Bridge Demo Container
section. To enable this support, follow the procedure outlined from Configuring the AGX Orin Developer Kit through

the Building the Holoscan Sensor Bridge Demo Container section.

4.2. Customizing the Reference Design for the Avant-X Versa Board

Figure 4.14 shows an overview of a configured Avant-X Versa board block diagram.

Table 4.6 shows the configuration required for the reference design to fit on the Avant-X Versa Board.

Avant-X Versa Board

(LAV-AT-X70)
[ 12C GPIO | SPI
MIPI
Hololink
Csi-2 = AXIS FPGA AXIS (=)
sensor
N P
interface

10G
Ethernet

T
4

:\“

Figure 4.14. Avant-X Versa Board Block Diagram

Table 4.6. Configuration for the Reference Design to fit into the Avant-X Versa Board

Sensor/Host Interfaces Features Configuration

Number of camera sensors 1
. Preset MIPI configuration method —

Camera sensor interface
1 Camera 0: MIPI lane number 4
2 | Camera 0: MIPI lane rate 720 Mbps

. Number of Ethernet port 1

Ethernet Link -

Ethernet link speed 10GbE
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To customize the reference design, follow the steps below.

Note: This reference design is already integrated with a preset MIPI RX D-PHY IP configuration, the latest Hololink IP
version 2606, and Ethernet IPs.

1.
2.

Customize the reference design to match the Avant-X Versa Board specifications.
Configure HDL Parameter and DEFINE Switch.

<project_name>/fpga_lavat/radiant/src/rtl/hsb_avtx/top/versa_top/HOLOLINK_def.svh

Configure Sensor Interface Settings

SENSOR_IF_INST
ne SENSOR_IF INST 1 / Sensor

number of RX lanes supported

, can be overridden by user

number of camera sensor used = 1

PRESET MIPI CSI-2 RX D-PHY configuration method is selected

with MIPI configuration as stated here

Configure Host Interface Settings
)

// Define Zthernet Rate

" define HOLOSCAN ETH_10G // HOLOSCAN_ITH_10C OR HOLOSCAN_ETH_23C ‘ ‘

ISP preprocessing and MJPEG compression hardware
capability is implemented in hardware by default.

Selecting Ethernet speed link = 10GbE

£ HOST_IF_INST
HOST_IF_INST 1 Host interface

instantiation number

Configuring number of Ethernet port
Example: Ethernet port = 1port

Figure 4.15. Required HDL Parameter and DEFINE Switch Configuration

Review the PDC configuration file.

Figure 4.16 shows the screenshot of the required SDC configuration and Figure 4.17 shows a screenshot of the
required PDC configuration.
<project_name>/fpga_lavat/radiant/src/constraints/hsb_avtx_versa.sdc
<project_name>/fpga_lavat/radiant/src/constraints/hsb_avtx_versa.pdc

The reference design needs to be configured by changing the settings of the HDL parameter and DEFINE switch to
meet the Avant-X Versa Board requirement using this file.
<project_name>/fpga_lavat/radiant/src/rtl/hsb_avtx/top/versa_top/HOLOLINK_def.svh
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Number of Ethernet port
=1port

set ETH NUM 1

set ETH_PCS_LANEID(0) 24

set ETH_PCS_LANEID{1) 25

lde_set location -site {MPQE REFCLEP} [get_ports eth _refclk p]

lde_set_location -site {MPQE _REFCLEN} [get_ports eth_refclk n]

if [$ETH_PCS_LANEID(O) == 24} {

Pin assignment for
Ethernet port is
configured accordingly

ldc_set_location -site {MPQE RXON} [get_ports {eth rxd n[0]}]
ldc set_location -site [MPQE RXOP} [get_ports {eth rxd pl[0]}]
ldc set_location -site [MPQE TXON} [get_ports {eth txd n[0]}]
ldc set_location -site [MPQE TXOP} [get_ports {eth txd pl[0]}]

} elseif {3ETH DCS_LANEID(0) == 25} {

}

ldc set_location -site [MPQE RX1N} [get_ports {eth rxd n[0]}]
ldc set_location -site [MPQE RX1P} [get_ports {eth rxd pl[0]}]
ldc set_location -site [MPQE TX1N} [get_ports {eth txd n[0]}]
ldc_set_location -site [MPQE TX1P} [get_ports {eth_txd pl[0]}]

if [$ETH NUM — 2} {

if {[$ETH_PCS_LANEID(l) — 24} [
lde_set_lo ion -site [MDPQE_RXON} [get_ports {eth_rxd n[1]}]
lde_set_ -site {MPO€_RY0P} [get_ports {eth_rxd pl[l]}]
ldc_set_location -site {MPQE_TXON} [get_ports {eth_txd nll]l}]
ldc set_location -site {MPQE _TXOP} [get_ports {eth_txd pl[l]l]
} elseif {$ETH PCS LANEID(1) = 25} {
ldc_set_location -site {MPQE€ RX1N} [get_ports {eth rxd n[1]}]
ldc_set_location -site {MPQE€ RX1P} [get_ports {eth rxd p[ll}]
ldc_set_. at -site {MPQ€_TXIN} [get_ports {eth txd n[l1l]}]
ldc_set_location -site {MPQE€ TX1P} [get_ports {eth txd pl[ll}]

Figure 4.16. Required SDC Configuration

R R I EEEEERE LR EER R0 202 2 2
£ BEGIN: USR CONFIGZ SETUP
f23 2323333533233 333 3383833223 3233

4 1) SENSOR IF SETTING: CRM MIPI

g 1.1) availakle numbker of CEM

e Number of camera
set CEM _NUM 1 sensor = 1
]

Using PRESET MIPI CSI-2
RX DPHY configuration
method, the mipi lane
number and lane rate is

set CAMO LANEno 4
set MIPIlaneratel_ inMbps 720
set mipigeard 2

o e T set to the config stated
here
# _____________________________
# 2) HOST IF SETTING:
£ ETH SPD at LOG/25G etc.
# ____________________________

set ETH NUM 1
set ETH SPD 10
#set ETH_SPD 25

i) Number of Ethernet port
used is 1 port

ii) Ethernet speed link used is
10GbE

#

#

f22 2323233338333 333 233335352534
# END: USR CONFIG SETUP
FEEEERRESRIRR R AR R RRRERRRRRERRREE

Figure 4.17. Required PDC Configuration

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-RD-02329-1.6

44


http://www.latticesemi.com/legal

Customizable HSB Sensor Interfaces on Lattice Avant-X Platforms

Reference Design

= LATTICE

4. Configure the driver: For details on how to configure the driver, refer to the Building the Holoscan Sensor Bridge
Demo Container section. To enable driver configuration support, follow the steps from the Configuring the AGX
Orin Developer Host Kit section through the Building the Holoscan Sensor Bridge Demo Container section.

5. Verify the reference design configuration: Review the Lattice Radiant software hierarchy file list and the clock
summary from the place-and-route timing report. Figure 4.18 shows the reference design in the Lattice Radiant

software hierarchy file list. The reference design is now ready for compilation and implementation.

a-

~ B hab e vem top
B8 L AT X035 1156C
Suategis
avea
Timing
7 Steategy
= 7% impl_1 (Synplify Pro)
~ ) InputFies
fpfose_plosz_chlose. i

I Files

File Edit View Project Took Window Help Radiant Software tool GUI
o-E-H 9 QaQaa
» B omreieossgn |l mevsign B pucesnouenesign | Bl evor

2_rx_DPHY_720Mbps_4Lsv

Camera Configuration

Camera 0
) MIPI lane rate = 720Mbps
ii) Number of lanes = 4 Lanes

st ctrln_gmc.sv
2.0 DPHY_top.sv

_glitch_filter - cta,
el _n_rstiu_clin 4] - el p_rst s

Ethernet Confi i
R T S —
105 mac._pslg s v, ot g genbk10}¢h gt e s nt) -t 1, s

apt_to_auidliteigenblk[0].apb_to_awidLinst) - apb.to_sxidite.s

Radiant Hierarchy File List

Figure 4.18. Lattice Radiant Software Hierarchy File
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5. Compiling the Reference Design

This section describes how to compile the reference design using Lattice Radiant software. For more details on the
Lattice Radiant software, refer to the Lattice Radiant User Guide. The screenshots provided in this section are for
reference only and the details may vary, such as the version of the software, FW ID, Board ID, and date code being
used.

5.1. Configuring the Reference Design Parameters

To configure the reference design parameters, refer to the details in the Customizing the Reference Design section.

5.2. Assigning a Revision for Each Bitstream

To assign a revision ID for each bitstream, modify the reference design HDL top-level file, hsb_avtx_versa_top.sv as
shown in Figure 5.1.

Board ID
o FW ID
%1:?-_\u_-h— hsb_avtx wversa_top / Date Code
3 "ifdef AVTX ETHZ5G
parameter BUILD REV = 48' _D2 _oooc
=lsif AVTX ETH10G
parameter BUILD REV = 48' 01 _oooc
else
parameter BUILD REV = 48' _00_ _oooc
) (

Figure 5.1. Revision ID assignment in hsb_avtx_versa_top.sv

The Board ID is stored in a 1-byte hexadecimal value determined by the HSB platform and the configured Ethernet link
speed. Table 5.1 lists the Board ID values for each supported HSB platform and link-speed combination. The firmware
(FW) ID is also stored in a 1-byte hexadecimal value and increments with each FPGA bitstream release.

Table 5.1. Board ID Representation in Hexadecimal

HSD Board with Ethernet Link Speed Board ID
Avant-X Versa board with Ethernet speed 10 Gbps 0x03
Avant-X Versa board with Ethernet speed 25 Gbps 0x04

The date code indicates when the release bitstream was generated. It is stored in a 2-byte hexadecimal format, as
shown in Figure 5.2. The figure provides an example that converts the date November 4, 2025 from decimal to binary
and then to hexadecimal formats.
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Revision ID’s date code Yy MM DD
(in Decimal)

25 11 4

Binary representation with
allocated bit size

Yy MM DD L , Date code
. , Revision ID’s date code
Revision ID’s date code (7 bits) (4 bits) (5 bits) (in Hexadecimal)
(in Binary)
0011001 1011 00100

3364
16'b0011001101100100

Figure 5.2. Revision ID Date Code Representation

5.3. Configuring the Lattice Radiant Software to Compile the Reference Design

1. Launch the Lattice Radiant software, as shown in Figure 5.3. Note that the project is compiled using Lattice Radiant
software.
o Y o) eeEm [ ] ;08 2ol
m:m‘m ‘Welcome Back
@
BLATTICE
Figure 5.3. Lattice Radiant Software
2.

Click File > Open Project. From the project database, open the Lattice Radiant software project file
(hsb_avtx_versa.rdf), as shown in Figure 5.4.

Open Project X
&« v o > radiant v Search radiant s
| Organize = New folder =~ O 0
A Home Name
ips
| Gallery P
pde
l
. DESktDp source
& Downloads [ hsb_avtversauraf
] Documents
I Pictures
File name: | hsb_avtx_versa.rdf | Project Files (trdf) v

Figure 5.4. Open Project File
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3. Modify the Synplify Pro® strategy details under Synthesis Design > Synplify Pro. Refer to Figure 5.5.

* | 5 stateges- sategy
] bobsute verstop i Oscipon
L AT 0 ALFGSEC
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- 0 s
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- T impl1 Sympiity Pre) - M
putFles RTL Design Fule Check

b () sfosc pllosc_ck/ose_ckips 7 L] et Syrehesic

v () ipsioe_pilpte._pllpte piligs
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Figure 5.5. Synthesis Design Strategy

4. Modify the Place and Route design strategy details under Strategyl > Place & Route Design. Refer to Figure 5.6.
The seed run count is set to 10 for this reference design, allowing you to select the reference design with the best
place-and-route result and the best STA report. Specify multiple seeds for placement and routing during
implementation.

Note:

1. Thisis controlled by the Placement Iteration setting under the Place and Route Design strategy in the Lattice Radiant software,
which determines how many placement and routing iterations are performed. Each Iteration uses a different cost table,
resulting in a unique placement strategy and generating a distinct Uniform Database (.udb) file. By exploring multiple
placement options, you increase the likelihood of achieving better timing closure and overall design performance. Using
multiple seeds is beneficial for complex designs as it provides alternative implementations that may meet timing more

effectively.
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Figure 5.6. Place and Route Design Strategy

For further details on configuring the Lattice Radiant Software, refer to the Lattice Radiant User Guide.
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5.4. Generating the Bitstream

To create the FPGA bitstream file, click Export Files to generate the bit file. View the log message in the Export Reports
folder for the generated bitstream.

b n Synthesize Design n Map Design n Place & Route Design Lg

Run Export Files

= A x £y ciartpane

Figure 5.7. Generate and Export Bitstream File
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6.

Implementing the Reference Design

The following table provides an overview of the compatibility of Avant-X Versa Board with various NVIDIA Jetson
modules and their respective Ethernet speed capabilities.

Table 6.1. Avant-X Platform and Jetson Module Compatibility

Board Type

Jetson Module

AGX Orin AGX Thor

Avant-X Versa Board 10GbE 10GbE and 25GbE

6.1. Hardware Requirements

6.1.1. Avant-X Versa Board and NVIDIA Jetson AGX Orin

NVIDIA Jetson AGX Orin Developer Kit

Lattice Avant-X Versa Board

IMX258 Camera Sensor Module — contact Lattice Sales for more information
Ethernet 10GBase-T (Cat 6 RJ-45) SFP+ Module (Ethernet 10G support) — tested with 6COM 10GBASE SFP+ RJ-45
Module

CAT6 Ethernet cable (support 10GbE)

M.2 2280 NVMe SSD 512GB

Type-C USB Cable

DisplayPort Cable

Monitor with DisplayPort support (for AGX Orin)

Keyboard (for AGX Orin)

Mouse (for AGX Orin)

Mini USB Type-A cable for programming

12 V Power Supply

Host Orin AGX power adapter

Set the additional camera power jumper connector (J22) to 1.2 V (see Figure 6.1). Use this setting for the IMX258
camera, which supports 1.0 V and 1.2 V depending on the camera module.

Camera
Connector
and Jumper

Camera
Jumper
J22

Figure 6.1. Avant-X Versa Board Camera Connector and Jumper

Figure 6.2 shows the hardware setup for the Jetson AGX Orin host and the Lattice Avant-X Versa Board used in the
10GbE Ethernet reference design implementation.
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Figure 6.2. Hardware Setup to support 10GbE Ethernet

6.1.2. Avant-X Versa Board and NVIDIA Jetson AGX Thor

NVIDIA Jetson AGX Thor Developer Kit

Lattice Avant-X Versa Board

13 MP IMX258 Camera module (2 units are required to enable 2x25G video streaming) — contact Lattice Sales for
more information

100G QSFP28 to 4x25G SFP28 Breakout Active Optical Cable (AOC) — tested with FS.COM 100G QSFP28 to 4x25G
Breakout AOC, 1m (3ft)

Type-C USB Cable to Type-A USB Cable

DisplayPort Cable

Monitor with DisplayPort support (for AGX Thor)

Keyboard (for AGX Thor)

Mouse (for AGX Thor)

Mini USB to USB-A Cable (for programming)

12 V Power Supply (for Avant-X Versa Board)

Power adapter (for AGX Thor)
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Jetson AGX Thor Development Kit ﬂ

Keyboard Mouse
[0) DisplayPort I
QSFP 100G [BS]
to 4x SFP 25G |
Breakout Attached
N USB-C PD o
Optical Cable IR oy 12V Power Supply

Supply

IMX258 Camera Module 1 IMX258 Camera Module 0

Avant-X Versa Board

-0l
-0 =l

[ ——
T 25G

[ ——
C— 25G

mgbe1_0 2

mgba0_0 = 1

J23 Jumper
Placement

J22 Jumper
Placement

Figure 6.3. Setup with AGX Thor for 10GbE and 25GbE Ethernet

Note: Both breakout cables, labeled 1 and 2 are required to be connected regardless of using single or dual camera
configuration.

6.2. Software Requirements

6.2.1. Jetson AGX Orin

e JetPack7.2

e NVIDIA Jetson Linux 39.2

e NVIDIA Holoscan SDK 4.4.0

e Holoscan Sensor Bridge (HSB) SDK 2.7.0

6.2.2. Jetson AGX Thor

o JetPack7.2

e NVIDIA Jetson Linux 39.2

e NVIDIA Holoscan SDK 4.4.0

e Holoscan Sensor Bridge (HSB) SDK 2.7.0
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6.3. NVIDIA Platform Host Setup

6.3.1. Jetson AGX Orin Developer Kit

6.3.1.1. Setting Up the Jetson AGX Orin Developer Kit

To set up the Jetson AGX Orin Developer Kit, follow the steps below. These steps are to be executed on the Ubuntu
host PC terminal.

1. Setup an Ubuntu 24.04 host PC with at least 8 GB of RAM and an internet connection. Connect the Ubuntu host to
the Jetson AGX Orin using a USB cable as shown in Figure 6.4.

USB Type A

| » — y }

USB Cable

Host PC with Ubuntu Installed

Figure 6.4. Ubuntu Host PC and Jetson AGX Orin Developer Kit Setup

2. Download and install the NVIDIA SDK Manager:
wget https://developer.download.nvidia.com/compute/cuda/repos/ubuntu2404/x86_64/cuda-keyring 1.1-1_all.deb
sudo dpkg -i cuda-keyring 1.1-1_all.deb
sudo apt-get update
sudo apt-get -y install sdkmanager

3. Place the AGX Orin into recovery mode by pressing and holding the recovery button as shown in Figure 6.5. While
holding the recovery button, press the reset button and release it. Wait at least three seconds, then release the
recovery button.

Figure 6.5. Recovery and Reset Button

4. Launch SDK Manager from the terminal, type:
sdkmanager

Sign up for an NVIDIA Developer account at https://developer.nvidia.com if you do not have one.

After the SDK Manager is launched, click Login as shown in Figure 6.6. A browser window will open, where you will
sign in using your NVIDIA Developer account credentials.
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Check your email for the authentication verification link and click it to complete the login process. Once verified,
the SDK Manager will launch automatically.

Select Jetson AGX Orin [64 GB Developer Kit version] at (A) as the target hardware on the device selection pop-up
after the SDK Manager window appears. Then click OK.

@& SDK Manager has detected a connected device which is running in
recovery mode.
Please select the exact type of the Target Hardware that is
connected to USB Port: 3-4.2.4 Bus/Device: 003/009 USB
Specification: 2.00:

A

Figure 6.7. Jetson AGX Orin [64GB developer kit version]

Product: all

Jetson AGX Orin 64GB
05
rd

in Industrial 64GB
P3701-0008 module
board

Jetson AGX Orin [32GB developer kit
version]

P3701-0000 module

P3 rd

Jetson AGX Orin [64GB developer kit

o version]
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9. If the module is not detected, repeat the Recovery mode step. Click the ... icon on bottom right of (A) to select the
correct target hardware as shown in Figure 6.8. Click the ... icon on bottom right of (B) and select JetPack 7.2.
Select the check box as indicated in (C) to select Direct Flash. Then, click CONTINUE to proceed.

SDK Manager

Repair / Uninstall

SANVIDIA. co

| Jetson

Host Machine
== Ubuntu 24.04 - x86_64

JetPack 7.2

DeepStream
91

Data Science

i, Target Hardware

Jetson AGX Orin module:
o Je

] 1SOFlash (Headless) @

CONTINUE >

TO STEP 02

Figure 6.8. Development Environment Selection

10. Leave all settings as default, and select | accept the terms and conditions of the license agreements at (A). Then,

click CONTINUE to proceed with the installation process.

S{FEREI

STEP 02

DETALLS
AND LICENSE

SANVIDIA. copyrio

A

Downl

V| Host SDK Components

v|CUDA
INvSci
Computer Vision

| Develop

v Jetson Linux

| Jetson Linux Image
7IFlash Jetson Linux

Jetson Runtime Components

CUDA Toolkit Runtime

uires up to 41GB (host) and 20GB (targef

folder:

SDKs install folder.

1 accept the terms and conditions of the license

5,162 MB
22 MB
3435 MB
9144 MB

3,147 MB

30 MB
3,866 MB

ace during setup.

CONTINUE >

TO STEP 03

ad now. Install later.

Figure 6.9. Terms and Conditions — License Agreement
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11. In STEP 03 — SETUP IN PROCESS, the SDK Manager will prompt for a sudo password. Enter the password and click
OK in Figure 6.10. The software download and installation process begins. The progress is shown in Figure 6.11,
wait for the download operation and OS image creation process to complete.

Enter your password to perform administrative tasks:

Figure 6.10. Administrative Right

SDK Manager

v Host SDK Components

STEP 02

STERP O3

Jetson Linux
inux Image 3,147 MB

tson Linux
v Jetson Runtime Components
> Additional Setups

O (08/s) ]
"~ installing: 25.00% PAUSE | |

FORABIT
older: /home

SANVIDIA. copyright

Figure 6.11. Download Operation and OS Image Creation
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12. When prompted for the flash setup, select Pre-Config from the dropdown at (A). Enter the desired username to
access the AGX Orin system, see letter (B) in Figure 6.12, along with the password at (C). Select NVMe as the
storage device at (D). Then, click Flash to proceed.

Manager is about to flash your Jetson AGX Orin module

Selected device:

P Jetson AGX Orin [64GB developer kit version] (3-4.
Connect and set your Jetson AGX Orin module as follows:
1. OEM Configuration: A Pre-Config ov

New Username: B orin

New Password C -

Storage Device:

Figure 6.12. SDK Manager

13. Complete STEP 04 — SUMMARY FINALIZATION to finish the setup. Reset the Jetson AGX Orin system by pressing
the reset button as shown in Figure 6.5. Then proceed to the next section to configure the Jetson AGX Orin itself.

SDK Manager

SEEP I
v Host SDK Components

5,162 MB

22 MB

mputer Vision 34! MB

> Developer Tools 9144 MB

XGET COMPC

v Jetson Linux

son Linux Image

v Jetson Runtime Components

> Additional Setups 3.0 M v Installed

<ANVIDIA. ¢

Figure 6.13. Summary Finalization
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6.3.1.2. Configuring the AGX Orin Developer Kit

The customizable HSB sensor interface reference design is supported by the Jetson AGX Orin system running at JetPack
7.2. The following steps are one-time setup procedures and should be executed directly on the AGX Orin terminal,
outside the Holoscan Sensor Bridge (HSB) Docker container. All commands assume the HSB is connected through end0
(the Ethernet interface on the Jetson AGX Orin).

1. Install git-Ifs (some data files in the HSB source repository use it) and nano editor.

sudo apt-get update
sudo apt-get install -y git-1fs nano

2. Grant the user permission to the docker subsystem.
sudo usermod -aG docker $USER

3. Reboot the AGX Orin to apply the changes.
sudo reboot

4. Increase the network receive buffer size to support Linux sockets.
echo 'net.core.rmem_max = 31326208' | sudo tee /etc/sysctl.d/52-hololink-rmem_max.conf
sudo sysctl -p /etc/sysctl.d/52-hololink-rmem_max.conf

5. Assign a static IP address (192.168.0.101) to the onboard network port.
EN@=end@
sudo nmcli con add con-name hololink-$EN® ifname $ENO® type ethernet ip4 192.168.0.101/24
sudo nmcli connection up hololink-$EN@

6. Power on the Avant-X Versa Board and ensure it is properly connected. Then, ping to check connectivity.
ping 192.168.0.2

7. lsolate a processor core from the Linux kernel when running Linux socket-based examples.

To isolate that core, edit the /boot/extlinux/extlinux.conf file.
sudo nano /boot/extlinux/extlinux.conf

8. Add the setting isolcpus=2 to the end of the line that begins with APPEND.

Your file should resemble the following:
TIMEOUT 30
DEFAULT primary

MENU TITLE L4T boot options

LABEL primary
MENU LABEL primary kernel
LINUX /boot/Image

APPEND ${cbootargs} ...<other-settings>... isolcpus=2

Save and exit by pressing Ctrl+0, then Enter, followed by Ctrl+X.

Note: The sensor bridge applications can run the network receiver process on a different core by setting the
environment variable HOLOLINK_AFFINITY to the desired core.

The command below is shown for demonstrating the use of HOLOLINK_AFFINITY and is not required for system

setup.
HOLOLINK _AFFINITY=0 python3 examples/Linux_imx258 player.py
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Run the jetson_clocks tool at startup to set the core clocks to their maximum.
JETSON_CLOCKS_SERVICE=/etc/systemd/system/jetson_clocks.service

cat <<EOF | sudo tee $JETSON_CLOCKS SERVICE >/dev/null

[Unit]

Description=Jetson Clocks Startup

After=nvpmodel.service

[Service]
Type=oneshot
ExecStart=/usr/bin/jetson_clocks

[Install]
WantedBy=multi-user.target
EOF

sudo chmod u+x $JETSON_CLOCKS_SERVICE

sudo systemctl enable jetson_clocks.service

Set the Jetson AGX Orin power mode to MAXN for optimal performance. You can change this setting through the
power dropdown menu in the upper-right corner of the screen, as indicated by (A). Click (B) to select the MAXN
option.

Power mode

« 0: MAXN

1: MODE 15W

Figure 6.14. MAXN Power Mode

Reboot Jetson AGX Orin to apply changes.
sudo reboot

Enable PTP for SENO to synchronize timestamps in received data with the host system time. Install the linuxptp
tool, then create a systemd service file to run phc2sys at boot time, ensuring the clock in SENO is synchronized with

the system clock.

sudo apt update && sudo apt install -y linuxptp

EN@=end@
PHC2SYS_SERVICE=/etc/systemd/system/phc2sys-$EN@.service
cat <<EOF | sudo tee $PHC2SYS_SERVICE >/dev/null

[Unit]

Description=Copy system time to $ENO
Requires=NetworkManager.service
After=NetworkManager.service

After=timemaster.service

[Service]

Type=simple

ExecStartPre=timeout 3m bash -c "\

until [ \"\$(nmcli -g GENERAL.STATE device show $EN@)\" = \"100 (connected)\" ]; do \
sleep 1; \

done"

ExecStart=/usr/sbin/phc2sys -c $EN@ -s CLOCK_REALTIME -0 @ -S 0.0001

[Install]

WantedBy=multi-user.target
EOF
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Configure it for execution at startup, and start it now.
sudo chmod u+x $PHC2SYS_SERVICE

sudo systemctl enable phc2sys-$ENO.service

sudo systemctl start phc2sys-$EN@.service

Next, run ptp4l to send PTP SYNC messages to SENO.

cat <<EOF | sudo tee /etc/linuxptp/hsb-ptp.conf >/dev/null

# This configuration is appropriate for NVIDIA Holoscan sensor bridge

# applications, where PTP messages are sent over L2 and a 1/2 second interval.
[global]

logSyncInterval -1

logMinDelayReqInterval -1

network_transport L2

EOF

Create a systemd service to run ptp4l.
PTP4L_SERVICE=/etc/systemd/system/ptp4l-$EN@.service
cat <<EOF | sudo tee $PTP4L_SERVICE >/dev/null
[Unit]

Description=Send PTP SYNC messages to $ENO
After=phc2sys-$EN@.service

[Service]
Type=simple
ExecStart=/usr/sbin/ptp4l -i $EN@ -f /etc/linuxptp/hsb-ptp.conf

[Install]
WantedBy=multi-user.target
EOF

sudo chmod u+x $PTP4L_SERVICE
sudo systemctl enable ptp4l-$ENO.service
sudo systemctl start ptp4l-$ENO.service

Note:

1

For high-bandwidth applications, such as 4K video acquisition, isolate the network receiver core to ensure optimal
performance. Set processor affinity for the example program to the isolated core to improve performance and reduce latency.
By default, the sensor bridge software runs the time-critical background network receiver process on CPU 2 (the third core).
Ensure CPU 2 is isolated from Linux scheduling so that no other processes run on it without explicit user assignment, thereby
improving reliability and performance.

6.3.1.3. Building the Holoscan Sensor Bridge Demo Container

The MIPI IMX258 camera reference design is based on the HSB release version 2.7.0.

1.

Fetch the HSB source code version 2.7.0 from GitHub:

git clone https://github.com/nvidia-holoscan/holoscan-sensor-bridge -b 2.7.0

Navigate to the directory at the same level where the holoscan-sensor-bridge repository is cloned, copy the patch
file lattice_sensor_bridge_2.7.0.patch into this directory and apply the patch to support IMX258 camera module.
patch -p@ < lattice_sensor_bridge_2.7.0.patch

Verify that linux_imx258_player.py exists after applying lattice_sensor_bridge_2.7.0.patch to confirm that the
patch was applied correctly.

1s holoscan-sensor-bridge/examples/linux_imx258_player.py

Expected output is as follows:
holoscan-sensor-bridge/examples/linux_imx258 player.py

Log in to NVIDIA GPU Cloud (NGC) using the browser on AGX Orin.

e Register for a developer account for NGC at https://catalog.ngc.nvidia.com/
e Create an APl key at: https://ngc.nvidia.com/setup/api-key
e Use the APl key to log in to nvcr.io. Run the command docker login nvcr.io
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docker login nvcr.io

Username: $oauthtoken

Password: <Your token key to NGC>

WARNING! Your password will be stored unencrypted in /home/<user>/.docker/config.json.
Configure a credential helper to remove this warning. See
https://docs.docker.com/engine/reference/commandline/login/#credentials-store

Login Succeeded

Build the HSB demo container for iGPU (default for AGX Orin).
cd holoscan-sensor-bridge
sh docker/build.sh --igpu

To validate the setup, run the video streaming test on AGX Orin as described in Testing Camera Video Streaming.

6.3.2. Jetson AGX Thor Developer Kit

Keyboard Mouse

N

DisplayPort USB Type-A

USB Cable —
Host PC with Ubuntu 24.04 Installed

USB-C Power

USB-CPD Supply

Figure 6.15. Hardware Setup for Flash Jetson AGX Thor

6.3.2.1. Flashing the Jetson AGX Thor using the SDK Manager

1.

Ensure the hardware setup is done as shown in Figure 6.15. Also ensure the Ubuntu Host PC is powered up and the

internet connection is enabled. Similarly, for AGX Thor, connect the Ethernet port using an Ethernet cable to a
router or switch that is connected to the internet.

Set the AGX Thor to recovery mode by following the below steps.
Recovery mode step
Connect the Type-C power cable to the AGX Thor. The power supply must be ON.

a
b. Press and hold the Recovery Button (see Figure 6.16 for location).

o

While holding the Recovery Button, press the Reset Button.

o

Release both buttons simultaneously.
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OO

Power Button Power LED

Figure 6.16. AGX Thor Recovery, Reset, and Power Button

Note: Run all commands in this section from the Ubuntu host PC terminal.

3. Inthe Ubuntu Host PC, open a terminal window and execute the below commands to download SDK Manager.
wget https://developer.download.nvidia.com/compute/cuda/repos/ubuntu2404/x86_64/cuda-keyring_1.1-1_all.deb
sudo dpkg -i cuda-keyring_1.1-1_all.deb
sudo apt-get update
sudo apt-get -y install sdkmanager

4. Run the SDK Manager command.
sdkmanager

Sign up for an NVIDIA Developer account at https://developer.nvidia.com if you do not have one.

After the SDK Manager is launched, click Login as shown in Figure 6.17. A browser window will open, where you
will sign in using your NVIDIA Developer account credentials.

7. Check your email for the authentication verification link and click it to complete the login process. Once verified,
the SDK Manager will launch automatically.

NVIDIA SDK MANAGER

NE NLY

SANVIDIA. copyrign © 2025 v

Figure 6.17. SDK Manager Login

8. Select Jetson AGX Thor Development as the Target Hardware (see letter A in Figure 6.19) on the device selection
pop-up after the SDK Manager starts. Then click OK.
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@& SDK Manager has detected a connected device which is running in
recovery mode.
Please select the exact type of the Target Hardware that is
connected to USB Port: 3-4.4 Bus/Device: 003/008 USB
Specification: 2.00:

Product: all

Jetson AGX Thor Developer Kit -
8 -
rd

Jetson AGX Thor T5000
P3834-00( dule
P4071-000K board

Figure 6.18. Device Selection

If the module is not detected, repeat the Recovery mode step. Click the ... icon on bottom right of (A) to select the
correct target hardware as shown in Figure 6.19. Click the ... icon on bottom right of (B) and select JetPack 7.2.
Select the check box as indicated in (C) to select Direct Flash. Click CONTINUE to proceed to STEP 02 — Details and
License.

SDK Manager

g!:ogmemm CATE Jetson ® | Data Science

ENVIRONMENT ‘

Target Hardware
Jetson AGX Thor modules

o Je AGX Thor Dev.

J:‘ Host Machine

> Ubuntu 24.04 - x86_64

JetPack 7.2

Direct Flash o® 0 1SO Flash (Monitor) @ {1 150 Flash (Headless) @

DeepStream Video Codec [ IELET

Holo

Repair / Uninstall

CONTINUE >

TO STEP 02

SANVIDIA. copyrignt © 2026, 1

Figure 6.19. STEP 01 — Development Environment
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10. In STEP 02, select | accept the terms and conditions of the license agreements at (A) as shown in Figure 6.20.
Leave all settings under TARGET COMPONENTS as their default values (see letter B). Click CONTINUE to proceed
with the installation process.

SDK Manager

STEP 02

DETAILS
AND LICENSE

CONTINUE >

TO STEP 03

ad now. Install later

SANVIDIA. copyright © 2

Figure 6.20. STEP 02 - Details and License

11. Inthe STEP 03 panel, the SDK Manager will prompt for a sudo password. Enter the password and click OK in Figure
6.21. The software download and installation process begins. The progress is shown in Figure 6.22.

d to perform admi

Figure 6.21. Administrative Right Request
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STEP 02

STEP 03 VTARGET COMPONENTS OWNLOAD 512 STATUS

PROCESS

) |installing-70% [

FOR ABIT

"~ Installing: 33.57% PAUSE | |

SHANVIDIA. copyright

Figure 6.22. STEP 03 — Setup Process

12. After the installation completes, the SDK Manager displays a dialog box to flash the target device. Select Manual
Setup — Jetson AGX Thor Developer Kit (see letter A) in the Recovery mode setup shown in Figure 6.23 to begin
flashing the target device. Refer to the Recovery mode step for details.

Figure 6.23. Recovery Mode Selection

13. In the setup configuration screen, select Pre-Config under the OEM Configuration (letter A) as shown in Figure
6.24. Enter the desired username (letter B) and password (letter C) to create the new user account in AGX Thor.
Leave the Storage Device setting at its default value. Click Flash to begin the flashing process.
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Figure 6.24. Pre-flash Operation Setup

14. After flashing is complete, a full reboot is required (power off, then power on the Jetson AGX Thor, see the power
button location in Figure 6.16).

15. Allow the SDK Manager to detect the device and begin the initial setup process. When the AGX Thor reaches the
operating system login screen, enter the created username at (letter A) and password (letter B) as shown in Figure
6.25. Click Install to start installing the SDK component.

Figure 6.25. Post-flash Installation Dialog

16. After the SDK component installation completes, the STEP 04 — Summary Finalization panel appears. Review any
warnings or errors displayed in the summary panel. Click FINISH AND EXIT to complete the installation process.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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SDK Manager

A Hello Edward v

STEP 01

ONENTS

¥ Host SDK Components

STEP 02 =

“TAR(
~ Jetson Runtime Components
> A
! 866 MB
STEP 04 . =

SUMMARY MB
FINALIZATION

o INSTALLATION COMPLETED SUCCESSFULLY. FINISH
AND EXIT
EXPORT LOGS

< BACKTO STEPO1

SANVIDIA. copyrig

Figure 6.26. STEP 04 — Summary Finalization

Select the appropriate Ethernet configuration path.

a. For 25GbE Ethernet — proceed to the Enabling the 25GbE Ethernet on QSFP Port section then continue to the
Configuring the AGX Thor Developer Kit section.

b. For 10GbE Ethernet — proceed directly to the Configuring the AGX Thor Developer Kit section.

6.3.2.2. Enabling the 25GbE Ethernet on QSFP Port

Note: This section outlines the procedure for enabling the 25GbE Ethernet on the QSFP port. By default, the QSFP port
supports only up to 10GbE. Steps 1 to 5 in this section must be executed on the Ubuntu host PC.

1.

Install the required prerequisites.

sudo apt-get update
sudo apt-get install nano

Edit the flashing configuration file jetson-agx-thor-devkit.conf and set the ODMDATA.

cd ~/nvidia/nvidia_sdk/JetPack_7.2_Linux_JETSON_AGX_THOR_TARGETS/Linux_for_Tegra

nano jetson-agx-thor-devkit.conf

Add the following ODMDATA before the line containing “# Rootfs A/B”. Save and exit by pressing Ctrl + O, then
Enter, followed by Ctrl + X.
ODMDATA="uphyl-config-8,mgbe@-speed-3,mgbel-speed-3,mgbe2-speed-3,mgbe3-speed-3";

Verify that all dependencies needed to flash the AGX Thor are installed.

sudo tools/14t_flash_prerequisites.sh

Follow the Recovery mode step to put AGX Thor into recovery mode.

Flashing to AGX Thor device’s default storage using convenient script.
sudo ./nvsdkmanager_flash.sh

Note: Execute Steps 6 and 7 on the AGX Thor.

After flashing is completed successfully (refer to console output on Figure 6.27), power-cycle the AGX Thor and
follow the Ubuntu setup wizard to configure the username and password.
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[flash_bsp_jetson-t264_died]: [checkMd5(485)] :

[flash_bsp_jetson-t264_died]: [SendFileUsingADB(842)] : Image written correctly, md5 sum matches
[flash_bsp_jetson-t264_die@]: [FlashImages(3232)] : flashExcept return code - None
[flash_bsp_jetson-t264_died]: [flashFirmware(440)] : in flashFirmware
[flash_bsp_jetson-t264_die@]: [flashFirmware(451)] :

[flash_bsp_jetson-t264]: start time = 1785121362.352327

[flash_bsp_jetson-t264]: end time = 1785121643.02967

[flash_bsp_jetson-t264]: Total Time = 280.6773428916931

[flash_bsp_jetson-t264]: Image Flashing took 280.6773428916931

[flash_bsp_jetson-t264]:
/nvidia/nvidia_sdk/JetPack_7.2_Linux_JETSON_AGX_THOR_TARGETS/Linux_for_Tegra

Flashing finish

Cleaning up...

Log is saved to Linux_for_Tegra/initrdlog/flash_3-7_8_20260727-110242.l0g

Figure 6.27. Flash Console Output for Successful Flashing

To verify 25GbE enablement, connect the QSFP 100G-to-4x 25G breakout cable (refer to Figure 6.3) and run the
verification command from the terminal.

Execute the following command:
sudo ethtool mgbeo_ 0

The expected output should confirm that the 25G link is enabled.
Settings for mgbe@_0:

Supported ports: [ TP MII ]

Supported link modes: Not reported

Supported pause frame use: Symmetric Receive-only

Supports auto-negotiation: Yes

Supported FEC modes: Not reported

Advertised link modes: Not reported

Advertised pause frame use: No

Advertised auto-negotiation: Yes

Advertised FEC modes: Not reported

Speed: 25000Mb/s

Duplex: Full

Auto-negotiation: on

Port: MII

PHYAD: ©

Transceiver: external

Supports Wake-on: d

Wake-on: d

Current message level: 0x00000000 (0)

Link detected: yes
Note: Execute Steps 8 to 10 on the Ubuntu Host PC.

Install the SDK components in SDK Manager without flashing the operating system.

Launch the SDK Manager and go to the Flashing the Jetson AGX Thor using the SDK Manager section. At step 10,
unselect all Jetson Linux items (see Unselect in Figure 6.28) and click CONTINUE.
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T COMPONENTS

7| Host SDK Components

1,005 MB

Unselect

Jetson Linux
Linux image
on Linux

v Jetson Runtime Components

Figure 6.28. Unselect in Details and License

10. Skip the operating system flashing. Do not put AGX Thor into Recovery Mode. Allow it to boot normally until the
login screen appears. When the SDK Manager reaches Step 15 (Flashing the Jeton AGX Thor using the SDK Manager
section), enter the username and password created in Step 13 of this section. When the installation completes,
proceed to Configuring the AGX Thor Developer Kit section.

6.3.2.3. Configuring the AGX Thor Developer Kit
Note: All commands in this section must be executed on the AGX Thor terminal and only need to be performed once.

1. |Install the Holoscan SDK.

sudo apt update
sudo apt install holoscan-cuda-13=4.4%

2. Install the Holoscan Sensor Bridge dependencies.
. /etc/os-release

UBUNTU_VERSION=""echo ${VERSION ID} | sed 's/\.//g' "
sudo apt-get install ca-certificates gpg wget

wget https://developer.download.nvidia.com/compute/nvcomp/5.2.0/1local_installers/nvcomp-local-repo-\
ubuntu${UBUNTU_VERSION}-5.2.0 5.2.0-1_arm64.deb

sudo dpkg -i nvcomp-local-repo-ubuntu${UBUNTU_VERSION}-5.2.0 5.2.0-1_armé64.deb

sudo cp /var/nvcomp-local-repo-ubuntu${UBUNTU_VERSION}-5.2.0/nvcomp-*-keyring.gpg /usr/share/keyrings/
rm nvcomp-local-repo-ubuntu${UBUNTU_VERSION}-5.2.0 5.2.0-1_armé64.deb

test -f /usr/share/doc/kitware-archive-keyring/copyright || wget -0 - \
https://apt.kitware.com/keys/kitware-archive-latest.asc 2>/dev/null | gpg --dearmor - | sudo tee \

/usr/share/keyrings/kitware-archive-keyring.gpg >/dev/null

echo "deb [signed-by=/usr/share/keyrings/kitware-archive-keyring.gpg] https://apt.kitware.com/ubuntu/ \
${VERSION_CODENAME} main" | sudo tee /etc/apt/sources.list.d/kitware.list >/dev/null

sudo apt-get update

test -f /usr/share/doc/kitware-archive-keyring/copyright || sudo rm /usr/share/keyrings/kitware-archive\
-keyring.gpg

sudo apt-get install kitware-archive-keyring
sudo apt-get update

sudo apt install -y cmake=3.31.11* cmake-data=3.31.11* libfmt-dev libssl-dev libcurlpp-dev \
libyaml-cpp-dev python3-dev nvcomp-cuda-13
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3. Add the user to the Docker subsystem.
sudo usermod -aG docker $USER

4. Increase the Linux network receive buffer size.
echo 'net.core.rmem_max = 31326208' | sudo tee /etc/sysctl.d/52-hololink-rmem_max.conf
sudo sysctl -p /etc/sysctl.d/52-hololink-rmem_max.conf

5. Isolate a processor core from the Linux kernel when running Linux socket-based examples.
Open /boot/extlinux/extlinux.conf for editing.
sudo apt update
sudo apt install nano
sudo nano /boot/extlinux/extlinux.conf

6. Add the setting isolcpus=2-3 to the end of the line that begins with APPEND.

Your file should resemble the following:

TIMEOUT 30
DEFAULT primary

MENU TITLE L4T boot options

LABEL primary
MENU LABEL primary kernel
LINUX /boot/Image

APPEND ${cbootargs} ...<other-settings>... isolcpus=2-3

Save and exit by pressing Ctrl + O, then Enter, followed by Ctrl + X.

Note: The sensor bridge applications can run the network receiver process on a different core by setting the
environment variable HOLOLINK_AFFINITY to the desired core. (Complete Steps 1—6 and the procedure in Building
the Holoscan Sensor Bridge Demo Container before continuing with Steps 7-13.).

The command below is shown for demonstration only and is not required for system setup.
HOLOLINK_AFFINITY=6 python3 examples/Linux_imx258_ player.py

7. Enable the network interface.
EN@=mgbeo_0
sudo nmcli con add con-name hololink-$EN@ ifname $ENO® type ethernet ip4 192.168.0.101/24
sudo nmcli connection modify hololink-$EN@ +ipv4.routes 192.168.0.2/32
sudo nmcli connection up hololink-$EN@

EN1=mgbel_o

sudo nmcli con add con-name hololink-$EN1 ifname $EN1 type ethernet ip4 192.168.0.102/24
sudo nmcli connection modify hololink-$EN1 +ipv4.routes 192.168.0.3/32

sudo nmcli connection up hololink-$EN1

8. Set the AGX Thor power mode to MAXN for optimal performance. You can change this setting using the power
dropdown menu in the upper-right corner of the screen, as indicated by (A). Click on Power Mode dropdown and
select (B) MAXN.

Power mode

o 0: MAXN

Figure 6.29. MAXN Power Mode

9. Reboot the AGX Thor to apply changes.
sudo reboot

www.latticesemi.com/legal


http://www.latticesemi.com/legal

10.

11.

12.

13.

= LATTICE

Enable PTP for SENO to synchronize timestamps in received data with the host system time. Install the linuxptp
tool, then create a systemd service to run phc2sys at boot, ensuring the clock in $ENO is synchronized with the
system clock.

sudo apt update && sudo apt install -y linuxptp

ENO=mgbed_0

PHC2SYS_SERVICE=/etc/systemd/system/phc2sys-$ENO.service

cat <<EOF | sudo tee $PHC2SYS_SERVICE >/dev/null

[Unit]

Description=Copy system time to $ENO

Requires=NetworkManager.service

After=NetworkManager.service

After=timemaster.service

[Service]

Type=simple

ExecStartPre=timeout 3m bash -c "\

until [ \"\$(nmcli -g GENERAL.STATE device show $EN@)\" = \"100 (connected)\" ]; do \
sleep 1; \

done"

ExecStart=/usr/sbin/phc2sys -c $EN® -s CLOCK_REALTIME -0 @ -S 0.0001

[Install]
WantedBy=multi-user.target
EOF

Configure the service to run at startup, and start it.
sudo chmod u+x $PHC2SYS SERVICE

sudo systemctl enable phc2sys-$EN@.service
sudo systemctl start phc2sys-$ENO.service

Run ptp4l to send PTP SYNC messages to SENO.

cat <<EOF | sudo tee /etc/linuxptp/hsb-ptp.conf >/dev/null

# This configuration is appropriate for NVIDIA Holoscan sensor bridge

# applications, where PTP messages are sent over L2 and a 1/2 second interval.
[global]

logSyncInterval -1

logMinDelayReqInterval -1

network_transport L2

EOF

Create a systemd service to run ptp4l.
PTP4L_SERVICE=/etc/systemd/system/ptp4l-$ENO.service
cat <<EOF | sudo tee $PTP4L_SERVICE >/dev/null
[Unit]

Description=Send PTP SYNC messages to $ENO
After=phc2sys-$ENO@.service

[Service]
Type=simple
ExecStart=/usr/sbin/ptp4l -i $EN@ -f /etc/linuxptp/hsb-ptp.conf

[Install]
WantedBy=multi-user.target
EOF

sudo chmod u+x $PTP4L_SERVICE

sudo systemctl enable ptp4l-$EN@.service
sudo systemctl start ptp4l-$ENO.service
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6.3.2.4. Building the Holoscan Sensor Bridge Demo Container

Note: All commands in this section must be executed in the AGX Thor.

1.

Fetch the Holoscan Sensor Bridge source code from NVIDIA GitHub:

git clone https://github.com/nvidia-holoscan/holoscan-sensor-bridge -b 2.7.0

Navigate to the directory at the same level where the holoscan-sensor-bridge repository is cloned, copy the patch
file lattice_sensor_bridge_2.7.0.patch into this directory, and apply the patch to support IMX258 camera module.
patch -p@ < lattice_sensor_bridge_2.7.0.patch

Verify that linux_imx258_player.py exists after applying lattice_sensor_bridge_2.7.0.patch to confirm that the
patch was applied correctly:

1s holoscan-sensor-bridge/examples/linux_imx258_player.py

Expected output is as follows:
holoscan-sensor-bridge/examples/linux_imx258_player.py

Log in to NVIDIA GPU Cloud (NGC) using a browser on AGX Thor.
e Register for a developer account for NGC at https://catalog.ngc.nvidia.com/
e Create an API key at: https://ngc.nvidia.com/setup/api-key
e Use the APl key to log in to nvcr.io. Run the command docker login nvcr.io

docker login nvcr.io

Username: $oauthtoken

Password: <Your token key to NGC>

WARNING! Your password will be stored unencrypted in /home/<user>/.docker/config.json.
Configure a credential helper to remove this warning. See
https://docs.docker.com/engine/reference/commandline/login/#credentials-store

Login Succeeded

Rebuild the Holoscan Sensor Bridge demo container using the following command.
cd holoscan-sensor-bridge
sh docker/build.sh --igpu

To validate the setup, run the video streaming test on AGX Thor as described in Testing Camera Video Streaming.

6.4. Testing the System

This section provides details of the reference design testing and bitstream programming on the Avant-X Versa Board
with NVIDIA AGX Orin/Thor GPU host connected.

The reference design testing includes the following functionalities:

Video streaming

e ISP and MIJPEG features
Body pose estimation

TAO PeopleNet

6.4.1. Programming the Bit File

This section outlines the steps for uploading the .bit file. Currently, the Avant-X Versa Board supports only one method
for updating the reference design firmware: a local update through a USB interface. This method allows you to flash
the firmware directly to the board using a USB connection, independently of the Holoscan ecosystem. It is ideal for
initial setup, debugging, and hands-on development. The following section describes how to upload .bit file using the
USB method.
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6.4.1.1. Local Firmware Update through USB Interface

1. Connect the board to the PC using a mini-USB Type-A cable, as shown in Figure 6.30. Ensure jumper JP1 is properly

connected. Connect the power adapter to the board power port and turn the switch ON. The board is now ready to
be programmed.

Mini USB

USB Cable

USB Type A

——d
| - J

Figure 6.30. Hardware Setup for Bit File Programming

2. Click the Radiant Programmer icon ( u) if the project is already open in the Lattice Radiant software, otherwise,
launch the standalone Radiant Programmer. Enter the Project Location, Project Name, then click OK.

VO g

© Use efaur VO setmngs.

oK U cuttom VO settings
HOST: ™S
PC/COMPUTER
FTD! US8 HOST BUILD-IN (2R |
DOWNLOAD CABLE
CPUMICROPROCESSOR oK TMZ

™ LAVAT.XTO

™

Figure 6.31. Radiant Programmer Window
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3. Click Detect Cable in the cable setup section, select FTUSB-1. Then click OK to proceed.
u E—
oo | oG D116 otn 7 s
Ly T
- -
Figure 6.32. Select Cable Settings
4. Select the appropriate SPI flash configuration to flash directly to external SPI flash. Refer to Figure 6.33 for the

expected settings. Click the ... button under the file name bar and choose the bitstream file to program.

B3 LAV-AT - LAV-AT-XT70 - Device Properties = ] Es
General  Device Information
Device Operation
Target Memory: External SPI Flash Memory (SPI FLASH)
Port Interface: JTAG2SPI v
Access Mode: Direct Programming v
Operation: Erase, Program,Verify v
Programming Options
file: CifU f' h01,/Do ffpga_avitx_versa_0401_2507bit ..
SPI Flash Options
Family: SPI Serial Flash w
Vendor: Micron v
Device: MT35XU512 o
Package: 24-ball T-PBGA -
5PI Programming
Data file size (Bytes): 12542772 Load from File
Start address (Hex): 000000000 -
End address (Hex): 0xD0BFO000 o
[ Tum off addresses auto updating
(] Erase SPI part on programming error
() Secure SPI flash golden pattemn sectors
OK Cancel

Figure 6.33. Load Bitstream File
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5. Click the Program Device toolbar icon to load the bitstream into the board, as shown in Figure 6.34.

ol = B2 & 66 v B

Figure 6.34. Program Device Toolbar Icon

6. Verify that the programming status is Operation: successful in the output window, as shown in Figure 6.35.

To activate the flashed bitstream, power off the Avant-X Versa Board, then disconnect JP1 before powering on the
Avant-X Versa Board.

Cutput
Programming...

Disabling...

Verifying...

INFO - Execution time: 01 min @ 05 sec
INFQ - Elapsed time: 01 min : 11 sec

INFO - Operation: successful.

Output Td Console

Figure 6.35. Message on Successful Programming

6.4.2. Programming the Golden Bitstream with Jump Table

To support the dual-boot feature on the Avant-X device, you must implement Feature Row programming. Feature Row
programming is a one-time, irreversible operation. If you intend to enable the dual-boot feature on the Avant-X device,
contact Lattice Technical Support.

6.4.3. Testing the Single Camera Video Streaming

Table 6.2 lists the parameter settings used in the Python scripts for video streaming, body pose estimation, and TAO
PeopleNet evaluations. These configurations were applied to all testing activities and are tailored for the IMX258
camera.

Table 6.2. IMX258 Test Command Parameters and Default Values

Parameter Parameter Value and Description Default Value

0: Used for fixed lane rate and number MIPI IPK
1: Used for runtime MIPI IPK?

--runtime-mipi 1

rawl@: Camera streaming data will be in RAW10 format
--format mjpeg: Camera streaming data will be in MJPEG format? rawl0
yuv422: Camera streaming data will be in YUV422 format

--focus Integer value from -450 to 450 to set the camera focus distance -200

0: Set camera mode to 1920x1080 60 FPS
--camera-mode 0
1: Set camera mode to 1920x1080 30 FPS

Notes:
1. Does not support the Avant-X Versa Board in the current release.
2. The MJPEG format is currently limited to an output frame rate of 30 fps in this release.
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Follow these steps:

1.

Run the Holoscan Sensor Bridge demo container.
cd /<path>/<to>/<holoscan-sensor-bridge>
xhost +
sh docker/demo.sh
Note: After running the demo.sh script on the terminal, the demo container starts automatically, and the command
prompt switches to the container environment.
Run the video streaming demo for IMX258 camera. Use the following command.
e  10GbE or 25GbE Ethernet:
python3 examples/linux_imx258_player.py --runtime-mipi=0
Note: Set the runtime MIPI value to 0 as 10GbE or 25GbE Ethernet configuration are not supported on the
Avant-X devices.

6.4.4. Testing the Dual Camera Video Streaming

Table 6.3 lists the parameter settings used in the Python scripts for 2x25G dual camera video streaming. These
configurations were applied to all testing activities and are tailored for the IMX258 camera. Only 25GbE ethernet
configuration is supported for dual camera setting.

Table 6.3. IMX258 Test Command Parameters and Default Values

Parameter Parameter Value and Description Default Value

--runtime-mipi

0: Used for fixed lane rate and number MIPI IPK 1
1: Used for runtime MIPI IPK?

rawl@: Camera streaming data will be in RAW10 format
mjpeg: Camera streaming data will be in MJPEG format?

--format rawl0

yuv422: Camera streaming data will be in YUV422 format

Setting applies to both camera modules

Setting applies to both camera modules

--focus-cho Integer value from -450 to 450 to set the camera module 0’s focus distance -200

--focus-chi Integer value from -450 to 450 to set the camera module 1’s focus distance -200
0: Set camera mode to 1920x1080 60 FPS

--camera-mode 1: Set camera mode to 1920x1080 30 FPS 0

Notes:

1.
2.

Does not support the Avant-X Versa Board in the current release.
The MJPEG format is currently limited to an output frame rate of 30 fps in this release.

Follow these steps:

1.

Run the Holoscan Sensor Bridge demo container.

cd /<path>/<to>/<holoscan-sensor-bridge>

xhost +

sh docker/demo.sh

Note: After running the demo.sh script on the terminal, the demo container starts automatically, and the command
prompt switches to the container environment.

Run the dual camera video streaming demo for IMX258 camera. Use the following command.

e  25GbE Ethernet:
python3 examples/linux_imx258_player_dual.py --runtime-mipi=0
Note: Set the runtime MIPI value to 0 as 25GbE Ethernet configuration is not supported on the Avant-X
devices.
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6.4.5. Testing the Camera with ISP and MJPEG Features

In this example, the system is configured using a 10GbE Ethernet interface, with the camera operating at a resolution of
1920 x 1080 at 60 fps. The video streaming function supports three output formats: RAW10, YUV422, and MJPEG. Refer
to Table 6.2 for details.

1. Run the Holoscan Sensor Bridge demo container.
cd /<path>/<to>/<holoscan-sensor-bridge>
xhost +
sh docker/demo.sh
Note: After running the demo.sh script on the terminal, the demo container starts automatically, and the command
prompt switches to the container environment.

2.  Run the video streaming example. To select a streaming format, use the format parameter with mjpeg, raw10, or
yuv422. Adjust the lens focus as needed using the focus parameter.
python3 examples/linux_imx258_player.py --runtime-mipi=@ --format=mjpeg --focus=-200

Figure 6.36 shows the image output for different streaming format settings.

RAW10 — Output using built-in NVIDIA
ISP and visualizer.

MJPEG — ISP output (YUV422) converts
to MJPEG.
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YUV422 — ISP enabled output with
custom tuning settings for IMX258.

Figure 6.36. Output Image under Different Video Streaming Format

6.4.6. Testing the Camera Body Pose

1.

Run the Holoscan Sensor Bridge demo container.
cd /<path>/<to>/<holoscan-sensor-bridge>
xhost +

sh docker/demo.sh

Note: After running the demo.sh script on the terminal, the demo container starts automatically, and the
command prompt switches to the container environment.

Complete the one-time prerequisite setup for Body Pose Estimation. Run the following commands inside the

container environment.

apt-get update && apt-get install -y ffmpeg

pip3 install ultralytics onnx

cd examples

yolo export model=yolov8n-pose.pt format=onnx

trtexec --onnx=yolov8n-pose.onnx --saveEngine=yolov8n-pose.engine.fp32
cd -

Note: This setup needs to be performed only once.

Run the body pose estimation example to display live pose tracking in the video, as shown in Figure 6.37. You can

check the parameter configurations listed in this command:
python3 examples/linux_body_pose_estimation_imx258.py --runtime-mipi=@ --format=rawl®

Figure 6.37. Live Body Pose Estimation Output
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6.4.7. Testing the Camera TAO PeopleNet

1.

Run the following commands outside the container environment to download the TAO PeopleNet model required
by the Holoscan Sensor Bridge demo:

cd /<path>/<to>/<holoscan-sensor-bridge>

wget --content-disposition \
"https://api.ngc.nvidia.com/v2/models/org/nvidia/team/tao/peoplenet/pruned_quantized_decrypted_v2.3.3\
/files?redirect=true&path=resnet34 _peoplenet_int8.onnx" -0 examples/resnet34 peoplenet_int8.onnx

Note: This setup only needs to be performed once.

Launch the Holoscan Sensor Bridge demo container.

xhost +

sh docker/demo.sh

Note: After running the demo.sh script on the terminal, the demo container starts automatically, and the command
prompt switches to the container environment.

Run the TAO PeopleNet example to display live person detection in the video, as shown in Figure 6.38. You can
check the parameter configurations listed in:
python3 examples/linux_tao_peoplenet_imx258.py --runtime-mipi=0 --format=rawle

Note: On the first run, the script may take at least 10 minutes to complete the setup.

Figure 6.38. Live TAO PeopleNet Output
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7. Resource Utilization

This section shows the resource utilization of the reference design for the Avant-X (LAV-AT-X70-3LFG1156C) device
using the Synplify Pro tool in Lattice Radiant software. Refer to the Compiling the Reference Design section for
configuration details. Note that changes in design attributes may affect resource utilization, and values may vary over
time due to feature updates, bug fixes, or other modifications.

7.1. Resource Utilization Using the Avant-X Versa Board

7.1.1. Resource Utilization with Ethernet 10GbE

Table 7.1 shows one camera sensor interface configured with four MIPI lanes at 720 Mbps, paired with a single-port
10GbE Ethernet host interface.

Table 7.1. Logic Consumption for Each Instance Available in the Reference Design

LuT4 LUT4 Ripple
Instance name LUT4 Logic Distributed _pp PFU Registers DSP MULT EBR
Logic
RAM
Iti t
muticam_top 8,459 600 3,870 9,563 36 37
(1x camera sensor interface)
Hololink_top
- 18,520 1,452 2,798 24,930 4 31
(Hololink IP)
Ethernet_inst
- 4,788 0 188 3,636 0 2
(Ethernet 10GbE host interface)
Clk_rst 46 0 0 72 0 0
Miscellaneous 342 48 124 788 0 0
Total 32,155 2,100 6,980 38,989 40 70

Note: Other submodules are categorized as miscellaneous in this table.

Table 7.2 compares the reference design logic consumption with available resources of the Avant-X (LAV-AT-X70-
3LFG1156C) device, based on the configuration described in Table 7.1.

Table 7.2. Comparison between the Reference Design Utilization and the Avant-X Device Resources Available

LUT PFU Registers DSP MULT EBR
Avant-X (LAV-AT-X70) device logic resource 397,440 397,440 1,800 990
Reference design logic resource
41,235 38,989 40 70
consumed
Ref design logi
eference design logic resource 10.38% 9.81% 222% 7.07%
consumed (%)

From the place-and-route report, the device SLICE utilization summary after final packing is 16% used (31,656 out of
198,720 slices). The Fmax used is 156.25 MHz.
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7.1.2. Resource Utilization with Ethernet 25GbE

Table 7.3 shows one camera sensor interface configured with four MIPI lanes at a lane rate of 720 Mbps, and a single-
port 25GbE Ethernet host interface.

Table 7.3. Logic Consumption for Each Instance Available in the Reference Design

LuT4 LUT4 Ripple
Instance name LUT4 Logic | Distributed PR PFU Registers | DSP MULT EBR
Logic
RAM
multicam_top
. 16,895 1,200 7,740 19,162 72 75
(1x camera sensor interface)
Hololink_top
. 32,365 2,904 3,472 38,627 4 48
(Hololink IP)
Eth t_inst
ernet_ins , 19,722 0 536 15,112 0 9
(Ethernet 25GBe host interface)
Clk_rst 50 0 0 71 0 0
Miscellaneous 338 48 124 788 0 0
Total 69,370 4,152 11,872 73,760 76 132

Note: Other submodules are categorized as miscellaneous in this table.

Table 7.4 compares the reference design logic consumption with the available resources of the Avant-X (LAV-AT-X70-
3LFG1156C) device, based on the configuration described in Table 7.3.

Table 7.4. Comparison between the Reference Design Utilization and the Avant-X Device Resources Available

LUT PFU registers DSP MULT EBR

Avant-X (LAV-AT-X70) device logic resource 397,440 397,440 1,800 990
Reference design logic resource

'gn logic resou 85,394 73,760 76 132
consumed
Reference design logic resource

ce aesigh ogic resourc 21.49% 18.56% 4.22% 13.33%

consumed (%)

From the place-and-route report, the device SLICE utilization summary after final packing is 31% used (61,431 out of
198,720 slices). The Fmax used is 195.3125 MHz.
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8. Debug Methodology

This section outlines the recommended steps for debugging the camera video streaming setup in the Holoscan Sensor
Bridge reference design. By following this procedure, you can verify system functionality and identify potential issues
during integration and testing.

8.1. Avant-X Versa Board

Platform Power ON

-segment LEDS
start counting?

Debug —»
NO

Establish Ethernet Link
“ethtool enol”

Link Established Debug ]

Verify network
connectivity
“ping 192.168.0.2“

Packet receive? Debug "

NO

Check MAC address, Hololink IP version,
IP address & FPGA UUID
"hololink-enumerate”

Expected MAC | Program FPGA with
address? NO " intended bistream

Running
linux_imx258_player.py
script

Revision ID Program FPGA with | |
verification? intended bitstream
Camera 12C [l
Config Error? EeLle

Camera MIP| streaming

Figure 8.1. Debug Methodology Flow Chart For RD
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8.1.1. Powering Up the Board

1. Power cycle the board after programming.
After programming the FPGA firmware into the external SPI flash, fully power down the platform, then power it
back up. This power cycle ensures the FPGA correctly loads and configures the new firmware.

2. Verify the 7-segment display.
After powering up, confirm that the display begins counting. This indicates the Ethernet link is established, the
connection is active, and the internal clocks are running correctly.

Note: This step assumes the HSB Demo container is already set up on the host system.

Figure 8.2. 7-segment Display on the Avant-X Versa Board

8.1.1.1. Troubleshooting Common Issues
e Issue A: The 7-segment display is not on.
e Workaround 1: Check the Avant-X Versa Board power supply is connected and the 12 V switch is turned on.
e  Workaround 2: Power the board using 12 V switch.
e  Workaround 3: Reprogram the FPGA to confirm the correct bitstream is used.
e  Workaround 4: If the issue persists, submit a technical support case through Lattice Technical Support.

e Issue B: The 7-segment display is not counting.
Possible cause: Ethernet IP configuration issue.
e Workaround 1: Regenerate the Ethernet IP with the correct settings. Recompile and reprogram the FPGA
device with the newly compiled FPGA bitstream.
e Workaround 2: If the issue persists, submit a technical support case through Lattice Technical Support.
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8.1.2. Verifying the Ethernet Connection

1.

Check the Ethernet link status.

= LATTICE

On the host terminal, run the ethtool end0 command. This verifies whether the Ethernet link is established, and
confirms that the link speed is as expected. If successful, the terminal will display the link status, as shown in

Figure 8.3.

+1 orin@localhost: ~/HSB/holoscan-sensor-bridge

B $
Settings for end®:
Supported ports: [ ]
Supported link modes:

ethtool end®

100baseT/Half 100baseT/Full

1000baseT/Full
10000baseT/Full
1000basekKX/Full
10000baseKX4/Full
10000baseKR/Full
2500baseT/Full
5000baseT/Full

Supported pause frame use: Symmetric
Supports auto-negotiation: Yes
Supported FEC modes: Not reported
Advertised link modes:

Receive-only

100baseT/Half 100baseT/Full

1000baseT/Full
10000baseT/Full
1000baseKX/Full
10000baseKX4/Full
10000baseKR/Full
2500baseT/Full
5000baseT/Full

Advertised pause frame use: Symmetric Receive-only
Advertised auto-negotiation: Yes

Advertised FEC modes: Not reported
Link partner advertised link modes

10baseT/Half 10baseT/Full
100baseT/Half 100baseT/Full
1000baseT/Half 1000baseT/Full
10000baseT/Full
2500baseT/Full

5000baseT/Full

Link partner advertised pause frame use: No
Link partner advertised auto-negotiation: Yes
= qd FEC modes: Not reported

Yup U

Auto-negotiation: on

Port: Twisted Pair

PHYAD: @

Transceiver: external

MDI-X: Unknown

error: Operation not permitted
Current message level: 0x00000000 (0)

detected: yes

netlink

Figure 8.3. Ethernet Link Establishment Status

Test the Ethernet connectivity.

Run the ping 192.168.0.2 command on the host terminal. A successful response confirms that the network
connection is active. You should see messages indicating that packets are being received. Refer to Figure 8.4 for an

example of successful ping response from the board.
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agx_orin@agxorin: ~

$ ping 192.168.0.2

.168.0.2 (192.168.6.2) 56(84) bytes of data.
from 192.168.0.2: icmp_seq=1 tim
from 192.168.0.2: icmp_seq=2 time=0.
from 192.168.0.2: icmp_seq=3 tim
from 192.168.0.2: icmp_seq=4 i
from 192.168.0.2: icmp_seq=5
from 192.168.0. icmp_seq=6
from 192.168.60. icmp_seq=7
from 192. X icmp_seq=8
from 192. .0.2: icmp_seq=9
from 192. .0. icmp_seq=10
from 192. .0.2: icmp_seq=11
from 192. .0. icmp_seq=12 ttl=64
from 192. .0.2: icmp_seq=13 ttl=64
from 192.168.0.2: icmp_seq=14 ttl=64
from 192. .0.2: icmp_seq=15 ttl=64
from 192.168.0.2: icmp_seq=16 ttl=64
from 192. .0.2: icmp_seq=17 6
from 192.168.08.2: icmp_seq=18
from 192. O icmp_seq=19
from 192. .0. icmp_seq=20
from 192. .0. icmp_seq=21
from 192. e icmp_seq=22
from 192. .0. icmp_seq=23
from 192. .0.2: icmp_seq=24

icmp_seq=25

packets transmitted, 25 received, 0% packet loss, time 24571ms

Figure 8.4. Data Packet Received by Host

3. Verify the device information.

LATTICE

On the host HSB container prompt, run hololink-enumerate command. This command displays the MAC address,
Hololink IP version, IP address, and FPGA UUID. See Figure 8.5 for a sample output.

OSTTiSE DOCKER F root@agxorin: fhome/agx_orin/Desktop/holoscan-sensor-bridge_2.2.0_patches
Terminal 7 o] 5 RN Link-enumera
-4,

> ] oA ~{p_verston=0x2587 Tpga_c tp_address=
RD’s MACaddress eno1 board=hololink-lite

mac_id=CA: :FF:EE:00 hsb_ip_version=0x2507 fpga_crc ip_address=
0000 interfac
mac_1d=CA:FE:CO © hsb_ip_version=0x2507 fpga_crc=6x0 ip_address
0000 interface=enol board=hololink-lite
ac_1d=CA:FE:CO:FF:EE:00 hsb_ip, on=0x2507 fpga_crc=0xe ip_addres:
enol board=hololink e
; 0:FF:EE:00 hsb_ip_v =0x2507 fpga_crc=0x0 ip_addre
0000 interface=enol board=hololink-lite
mac_id=CA:FE 0 hsb_ip_version=0x2507 fpga_crc=0x0 ip_address=192.
0000 interface=enol board=hololink-lite
:00 hsb_ip_version=0x2507 fpga_crc=0xe
0 hsb_ip_version=0x2507 fpga_crc=0x0 ip_address=192.
rd=hololink-1lite
:EE:00 hsb_ip_version=0x2507 fpga_crc=0x60
=eno1 board= ink-lite
mac_1d=CA:FE:CO:FF:EE:00 hsb_{p_version=0x2507 fpga_crc=0x8 ip_addres.
© interface=enol board=hololink-lite
ac_1d=CA:FE:CO:FF:EE:00 hsb_ip_v X2 fpga_crc=0x0 ip_addres
0000 interface=enol board=hololink-lite
c_1d=CA:FE:CO:FF © hsb_ip_vers 2 fpga_crc=0xe ip_addre
interface=eno1 board=hololink-lite

gagxorin: /home/agx_orin/Desktop/holoscan-sensor-bridges nk-enunera

2 fpga_uuid=889b7ce3

fpga_uuid=889b7ce3

2 fpga_uuld=889b7ce3-

2 fpga_uuid=889b7

fpga_uuld=889b7ce3
fpga_uuid=889b7
fpga_uuid=889b7ce3-65a5

fpga_uuid=889b7ce3-65as

2 fpga_uuid=889b7ce3-65a5-4247

fpga_uuid=889b7ce3 4247

fpga_uuld=889b7ce3-65a5-4247

Figure 8.5. Sample Output

8.1.2.1. Troubleshooting Connection Issues

If you encounter issues during steps 1 or 2, try the following:

e  Workaround 1: Ensure the SFP module is securely locked into the SFP cage.
e Workaround 2: Confirm that the LAN cable is properly connected to both the SFP module and the host LAN port. If
the connection is correct, the LAN indicator light should be ON as shown in Figure 8.6.

8b85-4ff1904c3359

8b05-4ff1904c3359

-8b85-4ff1904c3359

8b05-41f1904c3359

4rf1904c3359

4ff1904c3359

8b05-4ff1904c3359

8b05-4ff1904c3359

8b85-4ff1904c3359

8b05-4ff1904c3359

8b05-4ff1904c3359

8b05-4f1904c3359

serial_number=0000000000

1al_number=0000000000
serial_number=0000000000
serial_nunber=0000000000
serial_nunber=0000000000
serial_nunber=0000000000
serial_number=0000000000
serial_number=0000000000

serial_number=0000000000

serial_number=0000000000

serial_number=0000000000

1al_number=0000000000
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Figure 8.6. LAN Light Indication on Host

8.1.3. Running the Streaming Script (linux_imx258_player.py)

8.1.3.1. Preparing the Streaming Script

Run the script. Follow the steps in the Testing Camera Video Streaming section to run the linux_imx258_player.py
command on the host HSB demo container prompt.

8.1.3.2. Monitoring the Output of the Streaming Script
Once the script is running, observe the following:

1. Verify the Revision ID.
Check the log for the Revision ID to confirm the FPGA firmware version. Figure 8.7 shows the Revision ID version

from the host HSB demo container prompt, which represents the bitstream version for the Avant-X device with
10GbE Ethernet.

root@agxorin: /home/agx_orin/Desktop/holoscan-sensor-bridge_2.2.0_patches

in a future release, please switch to u
ule tnstea
n linux_1 ¥ py:185 tid=MainThread Inttializing
troller Addr

t =0xf1
extensions from
id
, pixel_width=1920, pixel_height=1080, pixel_format=1, trailing_bytes=o.

Figure 8.7. Revision ID Version

2. Check the camera for 12C configuration errors.

Look for any 12C configuration errors in the log, when the linux_imx258_player.py script is executed. Figure 8.8
shows an example of a failed camera 12C configuration.
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root@agxorin: fhome/agx_orin/Desktop/holoscan-sensor-bridge_2.2.0_patches

_2.2.0_patches# python examp inux_imx258_player.py
importlib ap_ - FutureWarning: The cuda.cuda module is deprecated and will be removed in a future release, please switch to u
cud i J e d.
6 tid=MainThread -- Initializing.

9 tid=MainThread --
109 -- HSB IP versi
holoscan-sensor-bridge_2.2.8_patch 8_player.py", lin in <module>

inux_imx258_player.py”, Lim in main

, line 164, in configure

", line 209, in set_register

Figure 8.8. Camera I2C Configuration Fail Log

3. Confirm MIPI camera streaming.
If no errors are detected, the MIPI camera streaming should display successfully on the host monitor.

8.1.3.3. Troubleshooting Common Errors
e |ssue A: Revision ID version mismatch.

Workaround: Reprogram the HSB board with the correct FPGA bitstream version.

e Issue B: Camera 12C Configuration Error.

Workaround 1: Ensure the IMX258 camera sensor is properly connected.

Workaround 2: If you are using your own reference design HDL code, verify that the camera reset signal is not
asserted.

Workaround 3: If you are using your own software patch, confirm the 12C configuration port is correctly
targeted.

Workaround 4: If you are using your own software patch, ensure the camera sensor register settings are
correct.
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9. Reference Design Configuration Tool

When customizing the reference design, two files sit at every configuration:

e  HOLOLINK_def.svh: SystemVerilog header defining the HDL parameters and DEFINE switches for camera count,
MIPI configuration, Ethernet speed, ISP/MJPEG enables, and board identity

e Board .pdc file: Platform Design Constraint file governing pin and placement constraints.

Configuring the HDL Parameter and DEFINE switch section and Configuring the Platform Design Constraint section walk

through how to configure these files manually, editing raw text, matching array sizes, and ensuring both files remain

consistent with each other. While this approach offers full visibility into every setting, manual errors become more

likely, particularly as the number of cameras or Ethernet speed variants grows.

The Reference Design configuration tool addresses exactly that requirement. Rather than opening these files in a text
editor, the tool presents the same parameters through a structured graphical interface; enforces valid combinations
automatically, and writes both files together in a single Save operation, producing the same correctly configured
output with far less risk of a manual mistake.

Note: The tool does not launch the Lattice Radiant software or generate bitstreams. After saving the configuration,
compile the reference design in the Lattice Radiant software. For details, refer to the Compiling the Reference Design
section.

9.1. Installation
Requirements: Windows 10 or 11 (64-bit). Read and write access to the RD project folder.

e Download the Reference Design source zip from the HSB Sensor Interface customization website and extract it
fully.

e If the misc folder is a separate zip, extract it as well.

e Open the misc folder and double-click rd_config.exe. No Python or Lattice Radiant software is required.

Caution: Note that the Reference Design configuration tool is designed to work exclusively with its corresponding
Reference Design release. Compatibility with other Reference Design versions is not supported.

9.1.1. Windows Defender SmartScreen Warning

When launching rd_config.exe for the first time, Windows Defender SmartScreen may display a security prompt. This is
expected behavior and does not indicate a problem with the tool.

Steps to Bypass Windows Defender SmartScreen and Launch the Tool

1. On the initial SmartScreen prompt, click More info.

Windows protected your PC

Microsoft Defender SmartScreen pi an unrecognized app from
starting. Running this app might put your PC at risk.
More info

Figure 9.1. Initial SmartScreen Prompt
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2. After clicking More info, click Run anyway to launch the tool.

Windows protected your PC

gnized app from

App: | cc
Publisher: Unknown pi

Figure 9.2. Click Run Anyway

Note: This prompt typically appears only on the first launch. If your organization policy prevents running unsigned
executables, contact your IT administrator.

9.2. Key Concepts

9.2.1. Preview vs. Save Behavior

Every change in the options pane updates the HOLOLINK_def.svh and board .pdc preview in the memory only. Project
files on the disk are unchanged until you click Save. Closing without saving loses all changes.

9.2.2. MIPI Configuration Modes

The Runtime MIPI feature is not supported in Avant; only predefined MIPI modes are available. Refer to Table 9.1 for
the list of supported MIPI configuration modes.

Table 9.1. Supported MIPI Configuration Modes by Lane Rate

MIPI Lane Rate (Mbps) Allowed MIPI lanes
720 1,2,4

960 2,4

1440 4

1500 4
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9.2.3. ISP and MIJPEG Dependency
MIJPEG requires ISP to be on. Turning ISP off clears MJPEG automatically.

9.3. User Interface
9.3.1. Welcome Screen

When the rd_config.exe launches, the welcome screen appears with a large dashed-border drop zone. Drag a project
folder or HOLOLINK_def.svh into the zone to begin.

Drop a Radiant project here

Drop a project folder or HO

Figure 9.3. Welcome Screen

The drop zone accepts both files and folders. Table 9.2 describes the supported file and folder drop locations.

Table 9.2. Supported File and Folder Drop Location

Drop target Description

RD project folder Top-level folder extracted from the RD source zip
<RD project folder>/fpga_lavat Avant-X FPGA project root

<RD project Skips most selection dialogs
folder>/fpga_lavat/radiant/src/rtl/hsb_avtx/top/versa_top/

HOLOLINK_def.svh

9.3.2. Main Workspace

The options pane on the left contains all configurable parameters. The Editor tab on the right display a live in-memory
preview of HOLOLINK _def.svh and the board .pdc file. The Save button is at the top-left of the toolbar.
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®| Holoscan RD Config Tool for

Eile Help

Board connectivity

Board Avant-X Versa

FPGA UUID b1a72878-c557-4fc7-b59b-075a0c7f6588 o

Ethernet speed 110G o

Cameras MIPI

Cameras in use 1

Camera 1 Num of Lane 4 ~

Advance features

Enable ISP v o
Enable MJPEG ¥ @

Board identity

MAC address CAFECOFFEEOQ m

Board version

Board serial

FPGA CRC

Misc

Avant-X Versa (Tested) — 0 message(s)

D 1.5 & AvantX RD 14

RD Config Default HOLOLINK_ def.svh  hsb_avtx_versa.pdc  Messages (0)
ifndef HOLOLINK_def

HOLOLINK_pkg;

f
/1

// Define FPGA Vendor for Macro In

Lane Rate 720 Mbps

S —
// Define Ethernet Rate

“ifdef HOLOSCAN_ETH_10G
“elsif HOLOSCAN_ETH_25G

“else

Figure 9.4. Main Workspace — Avant-X Versa Board

The main workspace is described in Table 9.3 through Table 9.7.

Table 9.3. Board connectivity

Label Description
1 Save Commits all in-memory changes to disk. Active only when there are unsaved changes.
5 Board name and badge Detecte.d board name, read-only. Displays a Tested (green) or Custom (yellow) badge
depending on camera count.
3 FPGA UUID Universally Unique Identifier (UUID) read from HOLOLINK_def.svh — read-only. The UUID
differs across Ethernet speed variants (e.g., 10G, 25G).
4 Ethernet speed Set this fir'st,' it drives the Ethernet macro, PDC Ethernet field, and all downstream camera
and MIPI limits.
5 RD config/default Resets all option pane settings to the pack defaults.
Table 9.4. Cameras MIPI
Label Description
Not available in this release. When supported, enabling this option fixes MIPI at 4 lanes /
6 Enable Runtime MIPI 1500 Mbps and disables the per-camera lane and rate controls. When disabled, lane and
rate are configured per camera (Preset MIPI).
7 Cameras in use Spin control for the number of active camera interfaces.
Per-camera MIPI lane count and data rate.
8 Lane and Rate Valid lanes: 1, 2, 4;
Valid rates: 720, 960, 1440, 1500 Mbps (Preset MIPI only).
Table 9.5. Advanced features
Label Description
9 Enable ISP Enables the Image Signal Processing block.
10 | Enable MJPEG Enables Motion JPEG compression. Requires Enable ISP to be on.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02329-1.6

91


http://www.latticesemi.com/legal

Customizable HSB Sensor Interfaces on Lattice Avant-X Platforms
Reference Design

= LATTICE

Table 9.6. Board identity
Label Description
MAC address, Board version, Board serial, FPGA CRC, and misc.

Identify the physical board to the host system. Each field must contain valid hex
characters only.

11 | Board identity fields

Note: All fields accept hexadecimal characters only (0-9, A—F). The tool writes these values to HOLOLINK_def.svh on Save.

Table 9.7. Editor tabs and status
Label Description
12 | SVH preview tab
13 PDC tab

14 | Messages tab

Live in-memory preview of HOLOLINK_def.svh. Read-only in the tool.

Live preview of the board Platform Design Constraint file.

Displays validation results. Yellow or red indicator appears when attention is needed.

15 | Live SVH preview
16 | Status bar

Shows the exact text the tool will write on Save, and updates it in real time.

Shows the current board name, badge, and message count.

9.3.3. Menu Bar and Keyboard Shortcuts

The menu bar provides two menus: File and Help, covering all project and application actions.

File Help

Load...

Recent

Close project

Settings

Exit
Figure 9.5. File Menu

Table 9.8. Menu Bar Actions and Keyboard Shortcuts

Action Menu path Shortcut
Open project File > Load... Ctrl+O
Save File - Save Ctrl+S
Application settings File - Settings... Ctrl+,

Close project

File - Close project

Recent projects File - Recent —
Version / supported RD Help - About —
Quit File = Quit —
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9.3.3.1. Application Settings

Open through File > Settings.... These preferences control how the tool looks and behaves. They do not affect any
project files.

R0 Settings.

Ul zoom factor 11

Scales fonts the whole app (menus,
parameters, p

+~| Show line numbers in preview
Recent Clear recent projects...

0K Cancel

Figure 9.6. Application Settings Dialog Box

Table 9.9. Application Settings Option and Description

Setting Description

Ul zoom factor Scales fonts across the whole application. Range: 50-200%.
Show line numbers in preview Toggles line number display in the SVH and PDC editor tabs.
Recent - Clear recent projects... Removes all entries from the File - Recent list.

9.3.3.2. About

Open through Help - About. Displays the tool name, supported reference design platforms and versions, and a brief
description.

Holoscan Configuration Tool

Supported platforms (only):
- FPGA-RD-02326 CertusPro-NX, Version 1.5
- FPGA-RD-02329 Avant-X, Version 1.4

Companion tool to configure HSB GRD CPNX / Avant-X
reference designs.

OK

Figure 9.7. About Dialog Box

Table 9.10. About Dialog
Field Description

Lists the reference design families and versions the tool supports, example, FPGA-
RD-02326 CertusPro-NX v1.5 and FPGA-RD-02329 Avant-X v1.4.

Confirms the tool is a companion for configuring HSB GRD CertusPro-NX / Avant-X
reference designs.

Supported platforms

Description
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9.4. Project Loading

Drag an RD project folder or HOLOLINK_def.svh onto the welcome screen (See Table 9.2 for supported locations), or
choose File = Load... (Ctrl+0). Since Avant currently supports only a single evaluation board (Avant-X Versa), no board-
selection dialog is displayed. The tool automatically selects Avant-X Versa during project loading.

After the project loads, verify the board name and the FPGA UUID in the options pane. Review the message tab for any
warnings or errors that occurred during loading.

Tip: Use File - Recent to reopen a recently used project without browsing to the project folder again.

9.5. Configuration Workflow
Follow this order for all Versa boards.
1. Setthe Ethernet speed first.

This parameter drives generation of the Ethernet macro in HOLOLINK_def.svh, populates the corresponding PDC
Ethernet field and FPGA UUID, and serves as the source configuration for all downstream camera and MIPI settings.

2. Set the camerain use.

The current release supports only a single-camera configuration. The camera count is fixed at one, and the
configuration is shown as tested.

3. Tune per-camera MIPI (Preset MIPI only)

Select Lane and Rate from the dropdowns for each camera. The user-interface filters invalid combinations
automatically.

4. Enable ISP/MJPEG is needed.
Toggle as required. After each change, recheck Messages.

5. Check Messages, refer to Table 9.11, then click save (Ctrl+S). After saving, open the project in the Lattice Radiant
software to build the bitstream.

Table 9.11. Message Indicators and Recommended Action

Messages state Action
Clear (no messages) Proceed to Save
Yellow warning Review; Save is allowed with confirmation

Tool prompts Save anyway? Confirm to save with errors, or cancel and fix

Red error )
first

9.6. Board-Specific Guidance

The Reference Design configuration tool supports multiple target platforms. Available configuration options and
constraints vary by target platform. Refer to Table 9.12 for details.

Table 9.12. Board-Specific Features and Constraints

Feature Avant-X Versa

Configuration mode Full configuration

Ethernet speed 10G or 25G only

MIPI mode Preset MIPI only

Camera count More restricted (typically one camera)
ISP / MJPEG Supported where the Ul allows

Save Enabled

Board badge Tested

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Customizable }jISB Sensor Interfaces on Lattice Avant-X Platforms :..LATTICE
Reference Design

9.7. Save Behavior and Backups
Clicking Save writes three files listed in Table 9.13.

Table 9.13. Configuration Data Saved to Each File

File What changes

HOLOLINK_def.svh Ethernet macro, MIPI arrays, ISP/MJPEG, board identity
board .pdc Camera count, per-camera MIPI, Ethernet speed key
.rd_config.json Board/Reference Design identification metadata

Closing without saving. Click File & Close project (or quitting) prompts Save/Discard/Cancel. Discard reverts to the on-
disk files.

® Close project

,? Save changes before closing this project?

Discard Cancel

Figure 9.8. Close Project Dialog Box

9.8. Validation Messages

Table 9.14. Message Status Indicator Definitions

Indicator Meaning

Clear No issues

Yellow Warning, for example Untested Design
Red Error, invalid setting

When an Untested Design warning appears in three places: the triangle beside the custom badge, the yellow icon on
the message tab, and the warning text in the message panel. Click the message to jump to the related line in SVH or
PDC.

9.8.1. Diagnostic Codes

Table 9.15. Diagnostic Codes, Causes, and Recommended Fixes

Code Severity Cause Fix

This configuration has not been fully
validated. High-bandwidth interface
untested_design Warning configurations may encounter timing
closure issues, which can result in longer-
than-expected FPGA build times.

Reduce the camera count to tested or
accept and save

L . Camera/MIPI/ISP/MIJPEG combo not in Change one parameter at a time until
preset_config_invalid Error ) o .
preset matrix the combination is valid
Red th t itch t
runtime_mipi_invalid Error Too many cameras for Runtime MIPI tier educe the camera count or switch to
Preset MIPI
eth_macro_invalid Error Ethernet macro invalid for this board Re-select a supported Ethernet speed
Re-select the Eth t dt
eth_svh_pdc_mismatch Error SVH and PDC disagree on Ethernet speed e-selec . ° er.ne speedto
synchronize both files
Re-select ted Eth t dt
pdc_eth_invalid Error PDC Ethernet value not allowed e-select a supporte ernet speedto

update the PDC value
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Appendix A. Known Issues and Limitations

1.

Remote firmware updates over Ethernet are not supported in the current Avant-X Versa Board customizable HSB
Sensor Interface Reference Design.

The MIPI D-PHY RX CSI-2 IP is limited to nine available DDRDLL resources on Avant-X70, up to 9 MIPI interfaces can
be instantiated. There is an improvement plan to allow greater than nine MIPI interfaces.

When the design utilization increases, a hold time violation associated with the MPPHY LMMI path may occur.
Refer to Lattice Semiconductor Portal Knowledge Base AVANT mpphy for more information.
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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Revision History

Revision 1.6, September 2026

= LATTICE

Section

Change Summary

Implementing the Reference
Design

Added (\) line continuation to Linux commands in this section to mitigate PDF conversion
spacing and line-break issues.

Revision 1.5, September 2026

Section

Change Summary

All

e  Updated the Lattice Radiant software version to 2026.1.0.37.0 globally.
e Minor editorial fixes.

Introduction

e  Updated the following in Table 1.1. Summary of Avant-X Versa Board with NVIDIA Jetson
AGX Orin and Table 1.2. Summary of Avant-X Versa Board with NVIDIA Jetson AGX Thor.
. Updated the CSI-2/DSI D-PHY Rx IP version to 2.2.0
e  Updated the Hololink IP version to 2606.
e  Updated the JetPack version to 7.2.
e  Updated the NVIDIA Holoscan SDK version to 4.4.0.
e  Updated the NVIDIA Jetson Linux version to 39.2.
e  Updated the HSB SDK version to 2.7.0.

e  Updated Ethernet 25GbE (MAC + PHY) IP to v2.2.0 in Table 1.2. Summary of Avant-X
Versa Board with NVIDIA Jetson AGX Thor.

e Added an M.2 2280 NVMe SSD 512GB host component in Table 1.1. Summary of Avant-X
Versa Board with NVIDIA Jetson AGX Orin.

e  Updated the quantity needed for IMX258 camera module in Table 1.2. Summary of
Avant-X Versa Board with NVIDIA Jetson AGX Thor.

Directory Structure and File
Overview

Updated the Hololink IP version referenced in the radiant/src/rtl/hololink/ folder description
to 2606.

Customizing the Reference
Design

e Updated the ISP live-stream command from python to pyhton3 and changed the —
runtime-mipi argument from 0 to 1.

e  Updated the Hololink IP version to 2606.

e  Updated the HSB SDK version to 2.7.0.

e  Added Jetpack 7.2 permission requirement under the ISP Configuration Tuning with Live
Image Streaming section.

Implementing the Reference
Design

e Added an M.2 2280 NVMe SSD 512GB host component to the Avant-X Versa Board and
NVIDIA Jetson AGX Orin hardware requirement.

e  Updated the quantity needed for IMX258 camera module to enable 2x25G dual-camera
video streaming for the Avant-X Versa Board and NVIDIA Jetson AGX Thor hardware
requirement.

e Specified that the Avant-X Versa Board and NVIDIA Jetson AGX Thor was tested under a
1 m (3 ft) cable length using an FS.COM 100G QSFP28-t0-4x25G breakout AOC cable.

e  Added a new dual-camera wiring diagram above the existing single-camera diagram in
Figure 6.3. Setup with AGX Thor for 10GbE and 25GbE Ethernet and added a note
clarifying that both Ethernet breakout cables must be connected for either single or dual
camera configurations.

e  Updated the following for both Jetson AGX Orin and Jetson AGX Thor in the Software
Requirements section.

e  Updated the JetPack version to 7.2.

e  Updated the NVIDIA Jetson Linux version to 39.2.

e  Updated the NVIDIA Holoscan SDK version to 4.4.0.
e  Updated the HSB SDK version to 2.7.0.

e  Updated Ubuntu version to 24.04.

e  Updated the CUDA keyring download URL to reference the Ubuntu 24.04 repository,
consistent with the host PC version update.
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Section

Change Summary

Updated the SDK Manager login procedure.

Replaced the JetPack 6.2.1 confirmation screenshot in the AGX Orin flashing
walkthrough with a new screenshot and step showing selection of JetPack 7.2 (Figure
6.8. Development Environment Selection).

Added a new screenshot and step documenting an administrative-permission prompt in
the AGX Orin flashing walkthrough (Figure 6.10. Administrative Right).

Added a new screenshot and step documenting the target-hardware selection pop-up in
the AGX Thor flashing walkthrough (Figure 6.18. Device Selection).

Updated the steps in Setting-up the Jetson AGX Orin Developer Kit.

Updated the Configuring the AGX Orin Developer Kit section. Added a step to install the
nano text editor, and updated the network interface reference from ENO=enol to
ENO=end0 and the isolated-core reference from core3 to CPU2.

Updated HSB source code version to 2.7.0.

Updated the steps in Flashing the Jetson AGX Thor using the SDK Manager section.
Updated the steps in Enabling the 25GbE Ethernet on QSFP Port section.

Updated step 2 and added step 8 in Configuring the AGX Thor Developer Kit section.
Added a new section Testing the Dual Camera Video Streaming.

Updated the following sections and its interpreter to pyhthon3.

e  Testing the Camera with ISP and MJPEG Features

e  Testing the Camera Body Pose

e  Testing the Camera Body Pose

e  Testing the Camera TAO PeopleNet

Added a path to Holoscan-sensor-bridge before using the wget command under the
Testing the Camera TAO PeopleNet.

Resource Utilization

Updated the resource utilization values in the following sections.
e  Resource Utilization with Ethernet 10GbE
e  Resource Utilization with Ethernet 25GbE

Reference Design Configuration
Tool

Removed the sentence describing how changing the Ethernet speed causes the tool to

recalculate the maximum supported camera count and valid MIPI lane/lane-rate

combinations under the MIPI Configuration Mode section.

Removed the note stating that only single-ended camera configurations were supported

in the current release from Table 9.1. Supported MIPI Configuration Modes by Lane

Rate.

Updated the Configuration Workflow section.

e Updated the Ethernet speed configuration description to clarify that the parameter
generates the Ethernet macro in HOLOLINK_def.svh, populates the corresponding
PDC Ethernet field and FPGA UUID, and serves as the source configuration for all
downstream camera and MIPI settings.

e  Removed the note stating that enabling ISP and MJPEG reduces the maximum
allowed camera count.

Replaced Congested with Untested in Table 9.14. Message Status Indicator Definitions

and in the entire Validation Messages section.

Changed congested_design to untested_design and updated description of the entire

row under the untested_design code in Table 9.15. Diagnostic Codes, Causes, and

Recommended Fixes.

Appendix A

Updated the DDRDLL resource limitation to describe it in terms of supported MIPI
interfaces rather than lanes, and adds a note that an improvement is planned to support
more than nine MIPI interfaces.

Removed the known limitation restricting support to only one camera operating at 1
Gbps or higher, consistent with the newly added dual-camera support in this release.
Replaced the general LUT-utilization hold-timing warning with a more specific
description of a hold-time violation on the MPPHY LMMI path, and directs users to a new
Knowledge Base article instead of contacting Technical Support directly.

Debug Methodology

Updated the command from eno1 to end0.
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Section

Change Summary

RD Config Tool

Added this section.

Revision 1.3, June 2026

Section

Change Summary

All

e  Updated the Lattice Radiant software version from 2025.2.0.48.0 to 2025.2.1.321.0
globally
e Minor editorial fixes.

Abbreviations in This Document

Added the following abbreviations: AOC, AXIS, AWB, CUDA, DCT, DDRDLL, ISP, LSCC, LUT,
MJPEG, and QSFP28.

Introduction

e  Updated Table 1.1. Summary of Avant-X Versa Board with NVIDIA Jetson AGX Orin.
e  Added ISP Lattice Semiconductor Reference Design IP v1.1.1, LSCC ISP Builder Linux
Orin v1.1.0, and MJPEG Lattice Semiconductor Reference Design IP.
e  Updated Table 1.2. Summary of Avant-X Versa Board with NVIDIA Jetson AGX Thor.
e Added ISP Lattice Semiconductor Reference Design IP v1.1.1, LSCC ISP Builder Linux
Thor v1.1.0, and MJPEG Lattice Semiconductor Reference Design IP.
e  Ethernet 25GbE IP version corrected from v2.2.1 to v2.2.0.
e  Expanded the Quick-Start Guide to include separate setup headings for AGX Orin and
AGX Thor developer kits.
e Added new sensor interface feature bullet describing ISP-based image enhancement and
MIJPEG image decoding support in the Features section.

Directory Structure and File
Overview

e  Updated all project folder paths to reflect the new directory structure.
e  RTL files moved from radiant/rtl/ to radiant/src/rtl/
e |P files moved from radiant/ips to radiant/ip/
e  Constraints moved from radiant/pdc/ to radiant/src/constraints/
e  Bitstream folder renamed from bitstream/ to precompiled_file/
e  Added new radiant/ip/ISP/ folder for ISP and MJPEG reference design IPs.

Functional Description

e  Updated the NVIDIA Hololink documentation reference from the v2.5.0 release to the
respective HSB SDK release in the Overview section.

e  Expanded the Sensor Interface section to add ISP processing and MJPEG compression,
increasing the MIPI CSI-2 sensor interface from two to five primary components and
adding MJPEG bitstream and ISP YUV422 output formats.

e  Updated Figure 3.5. Overview block diagram of MIPI CSI-2 Sensor Interface to show the
new ISP-to-AXIS, MJPEG-to-AXIS, byte-to-pixel, and dual clock-domain CDC paths with
MUX-based output selection.

e  Added Table 3.1. Supported Bayer processing and converter steps, Table 3.2. Supported
RGB processing and converter steps, and Table 3.3. Supported YUV444 processing and
converter steps.

e  Added Multi Camera Frame Synchronization section.

e  Updated the Clocking and Reset Scheme section:

e  Updated the 10GbE usr_clk from 156.25 MHz to 322.266 MHz
e  Added new clocks to both 10GbE and 25GbE clock tables : OSC_IN_125MHz,
eth_refclk_p, and ptp_clk

Customizing the Reference
Design

e  Updated Figure 4.1. Steps Flow to Customize and Verify the Reference Design to add HSB
board selection, run-time MIPI configuration, and ISP or MJPEG enablement steps.

e Removed the Runtime MIPI CSI-2 RX D-PHY IP configuration method from the MIPI CSI-2
RX D-PHY Ip Generation section.

e  Added the following in the Generating the IP section:
. Byte-to-Pixel Conversion IP section
. ISP Reference Design IP section
. MJPEG Reference Design IP section

e Added Figure 4.2. Steps to Generate ISP Lattice Semiconductor Reference Design IP
through Figure 4.7. Generate Configuration window illustrating the ISP IP generation and
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Section

Change Summary

tuning workflow.

Added Table 4.2. Generated ISP IP Folder Structure Description.

Added Table 4.5. ISP or MJPEG Parameters Enablement in Hardware.

Updated the Configuring the HDL Parameter and DEFINE Switch section.

e  Updated DEFINE file path to reflect the new fpga_lavat/ project structure.

e  Removed the Runtime MIPI configuration method bullet.

e Added image preprocessing (ISP/MJPEG) as a new configurable aspect of the
DEFINE switch.

Updated the Configuring the Platform Design Constraint section.

e  Updated PDC template file paths to reflect the new
fpga_lavat/radiant/src/constraints/ directory structure.

e  Removed the note that restricted Runtime MIPI use to specific MIPI lane rate and
lane count values.

Replaced old section Configuring the MIPI CSI-2 RX D-PHY IP at Runtime with Enabling ISP

or MJPEG at Runtime section.

Updated the Customizing the Reference Design for the Avant-X Versa Board section.

e  Updated step 4 cross-reference to point to the new Building the Holoscan Sensor
Bridge Demo Container section, reflecting the consolidated patch and build
workflow.

Implementing the Reference
Design

Added Table 6.1. Avant-X Platform and Jetson Module Compatibility at the start of the
section, summarizing supported Ethernet speeds for each supported host configuration.

Updated the Jetson AGX ORIN Developer Kit section.

e  Consolidated the patch application and HSB demo container build steps into a single
section workflow for Building the Holoscan Sensor Bridge Demo Container.

e  Removed the separate Applying the Patch subsection. Added NGC login procedure
and a validation step referencing the video streaming test.

Updated the Jetson AGX Thor Developer Kit section.

e  Consolidated the patch application and HSB demo container build steps into a single
section workflow for Building the Holoscan Sensor Bridge Demo Container

e  Removed the separate Applying the Patch subsection. Added NGC login procedure
and a validation step referencing the video streaming test.

Updated Testing the Camera Video Streaming section to add a parameter reference

table (Table 6.2) for the IMX258 streaming demo script.

Added three new application test sections:

e  Testing the Camera with ISP and MJPEG Features

e  Testing the Camera with Body Pose

e  Testing the Camera TAO PeopleNet

Resource Utilization

Updated all 10GbE resource utilization values to reflect ISP and MJPEG IP additions.
Overall SLICE utilization increased from 12% to 14%.

e Table 7.1. Logic Consumption for Each Instance Available in the Reference Design

e Table 7.2. Comparison between the Reference Design Utilization and the Avant-X
Device Resources Available

Updated all 25GbE resource utilization values to reflect ISP and MJPEG IP additions.

Overall SLICE utilization increased from 11% to 17%.

e Table 7.3. Logic Consumption for Each Instance Available in the Reference Design

e Table 7.4. Comparison between the Reference Design Utilization and the Avant-X
Device Resources Available

Appendix A. Known Issues and
Limitations

Updated known issue 2. Corrected the DDRDLL resource count limit for MIPI D-PHY RX
CSI-2 IP from thirteen to nine.

Added new known issue 4 warning that custom designs exceeding 30% LUT utilization
may experience high hold timing failures and may require multiple place-and-route
iterations.
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Section

Change Summary

References

e  Added the following to this section:
e Avant-X Customizable HSB Sensor Interfaces Reference Design - Source Code
e  ITU-T Recommendation T.81

Revision 1.2, March 2026

Section

Change Summary

All

Changed the document title from Avant Versa Board — Customizable HSB Sensor Interfaces to
Customizable HSB Sensor Interfaces on Lattice Avant-X Platforms.

Abbreviations in This Document

Added CMOQOS, DDR, Hex, PMA, PROM in this section.

Introduction

Reworked section content.

Directory Structure and File
Overview

Reworked section content.

Functional Description

Reworked section content.

Customizing the Reference
Design

Reworked section content.

Compiling the Reference Design

e Updated figures in this section.
e  Updated Table 5.1. Board ID Representation in Hexadecimal.

Implementing the Reference
Design

e  Updated the hardware requirements section for the Avant-X Versa Board and NVIDIA
Jetson AGX Orin.

e  Removed figure for the Hardware Setup to support 25G Ethernet.

e  Added Programming the Golden Bitstream with Jump Table section.

Resource Utilization

Updated the resource utilization values of the Avant-X Versa Board.

Debug Methodology

Created a subsection for the Avant-X Versa Board.

References

Added the following:
e  Avant-X Versa Board User Guide (FPGA-EB-02063)
e  Lattice Avant Multi-Boot User Guide (FPGA-TN-02314)

Revision 1.1, March 2026

Section

Change Summary

All

e  Updated Hololink IP version from 2507 to 2511.
e  Added Thor platform.

Introduction

e Added the Thor platform in this section.
e Updated the following in Table 1.1. Summary of the Reference Design.
e Llattice Radiant software version to 2025.2.0.48.0.
e  NVIDIA Holoscan SDK from 3.3.0 to 3.7.0.
e  HSBSDKfrom 2.2.0to 2.5.0-EA.
e Added the following in Table 1.1. Summary of the Reference Design.
e  Added Host Software (AGX Thor).
e  Added AGX Thor cable 100G QSFP28 to 4x25G SFP28 Breakout Active Optical Cable
(AOC).

Functional Description

Updated Holoscan Sensor Bridge version from 2.2.0 to 2.5.0-EA in the Hololink IP Overview
section.

Customizing the Reference
Design

Updated the GitHub link in the Hololink IP section.

Compiling the Reference Design

Updated Lattice Radiant software version to 2025.2.0.48.0 in the Configuring the Lattice
Radiant Software to Compile the Reference Design section.

Implementing the Reference
Design on the Avant-X Versa
Board

e  Added hardware and software requirements for NVIDIA Thor.

e  Updated the HSB SDK version to 2.5.0-EA.

e Added Figure 6.3. Setup with AGX Thor for 10GbE and 25GbE Ethernet.

e  Added NVIDIA Platform Host Setup section and moved the Jetson AGX Orin Developer

www.latticesemi.com/legal



http://www.latticesemi.com/legal

Customizable l.-ISB Sensor Interfaces on Lattice Avant-X Platforms :..LATT’CE
Reference Design

Section Change Summary
Kit under this section.
e Added the Jeston AGX Thor Developer Kit section.

Resource Utilization e  Reworked Table 7.1. Logic Consumption for Each Instance Available in the Reference
Design and in Table 7.3. Logic Consumption for Each Instance Available in the Reference
Design.

e  Reworked Table 7.2. Comparison between the Reference Design Utilization and the
Avant-X Device Resources Available and Table 7.4. Comparison between the Reference
Design Utilization and the Avant-X Device Resources.

Appendix A. Known Issues and Updated this section.
Limitations

Revision 1.0, December 2025
Section Change Summary

All Initial release.
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