
Tehnial overview of Milkymist SoCRevision E (Mar. 2011)Sébastien Bourdeauduq1 IntrodutionThe MilkymistTM projet [7℄ develops a stand-alone devie in a small form fator that is a-pable of rendering MilkDrop-esque visuals ef-fets [13℄ in real time, with a high level of inter-ation with many sensors and using live audioand video streams as a base.The �exibility of the FPGA used as a en-tral omponent enables advaned users to mod-ify the design, and also permits ompat in-tegration of many interfaes (Ethernet, USB,MIDI, DMX512, IR remote, video input), mak-ing MilkymistTM a platform of hoie for themobile VJ.But MilkymistTM is more than a visual syn-thesizer - it is also developing and maintainingone of the leading open soure system-on-hipdesigns. It is today the fastest open souresystem-on-hip apable of running uClinux,and it omes with an extensive set of featuresand graphis aelerators.The IP ores that make up the system-on-hip are entirely written in open souresynthesizable Verilog HDL with extensive useof logi inferene to ease porting to variousFPGA and ASIC tehnologies. They ome withtest benhes and doumentation. This makesMilkymistTM a great library of re-usable logiores to serve as a base for other open sourehardware.This paper gives a tehnial overview of thesystem-on-hip and its environment.2 System arhitetureThe blok diagram of the omplete system-on-hip is given in Figure 2. The omplete sys-tem is written in synthesizable Verilog HDL.

Fig. 1: Sample video output from MilkDropIts omponents are detailed below.2.1 SoC interonnetThe Milkymist system-on-hip uses three dif-ferent kind of buses :
• WISHBONE [9℄ as a general purpose busaround the CPU ore.
• a ustom �CSR� bus [1℄ used to aess on-�guration and status registers of periph-erals. It is simpler than WISHBONE; itdoes not support variable lateny and theaddress deoding is simpli�ed.
• a ustom �FastMemoryLink� (FML)bus [2℄ whih is pipelined and burst-oriented for e�ient DRAM aess.By removing the need for logi that is only re-quired to omply with a too general bus spei�-ation, the use of these spei� buses redue thehardware design e�ort and improve resoure ef-�ieny.



Fig. 2: SoC blok diagram



2.2 Building bloks2.2.1 Base systemThe base system is made up of a LattieMio32CPU ore [8℄, on-hip SRAM, o�-hip Flash,an UART for printing debug messages, general-purpose I/O ports, timers, and interrupt on-troller.The LattieMio32 ore an exeuteuClinux [12℄, or be programmed like a miro-ontroller, without operating system. Earlyversions of the system-on-hip used AEMB [16℄instead of LattieMio32. It has been replaedbeause of performane and software supportomplexity reasons.These make up a basi system that is a-pable of exeuting software and ommuniatewith the outside world. On top of this system,speial peripherals and aelerators are added.2.2.2 Memory interfaeThe system-on-hip is equipped with a ustomDDR SDRAM ontroller [3℄, supporting a Fast-MemoryLink interfae.The DDR SDRAM data bus width is 32 bitsand is running at up to 100MHz, delivering apeak (ideal) memory bandwidth of 6.4Gbps.The memory ontroller is fully synhronous(the SDRAM lok is the system lok) to avoidlok domain rossing delays and redue theoverall memory lateny.It is a �page mode� ontroller, whih leavesDRAM pages open after an aess on thehane that the next aess will be on the samepage. This has been shown to be fruitful inmost ases [14℄.Memory latenies are further redued by theuse of pipelined transfers on the FML bus.2.2.3 VGA outputThe system-on-hip diretly drives the H/Vsynhronization pins of the VGA interfae anda video DAC that generates the red, green andblue analog signals.The framebu�er is read from DRAM usingthe FML interfae diretly.To ope with the hard realtime onstraint ofthe video signal generation, the VGA ontroller

ontains a FIFO whih hides the memory laten-ies.The framebu�er uses a simple progressivesan 16bpp RGB565 shema. The ontrollersupports multiple bu�ering and synhronizesthe swithing between the framebu�ers withthe vertial blanking intervals in order to pre-vent drawing artifats.2.2.4 Texture mapping unit (TMU)The unit maps a texture on a retangular sur-fae with texture oordinates de�ned on a gridof ontrol points. It supports bilinear �lter-ing, texture wrapping, alpha blending, additivedrawing, and hroma keying.To implement MilkDrop at a good framerate, this beomes a very omputation andmemory intensive proess. The implementa-tion is heavily parallel, and is diretly on-neted to the FML bus to aheive memorybandwidth onstraints [4℄ [6℄.2.2.5 Programmable �oating point unit(PFPU)The PFPU [5℄ is a �oating point oproessor,whose primary purpose is generating vertexdata when implementing MilkDrop. It is simi-lar to the vertex shader of traditional graphisproessing units.It is a pipelined VLIW proessor with all thesheduling done by the ompiler. This radi-al approah enables a very e�ient use of theFPGA resoures. Loop strutures are not pro-grammable, whih limits the use ase to evalu-ating mathematial expressions.2.2.6 Audio I/OThe audio ontroller interfaes the system-on-hip to industry-standard and heap AC97odes.It supports full-duplex audio operation at a16-bit 48kHz sample rate and aess to theAC97 ode registers.2.2.7 Memory ardThe system is equipped with a memory ardontroller ompatible with the popular memory



ards, whih are used to store �rmware, usermedia and data.2.2.8 EthernetThe Milkymist SoC an onnet to industry-standard Ethernet PHYs to enable TCP/IPnetwork onnetivity and spei�ally the Open-SoundControl protool whih supersedes MIDIfor the onnetion of eletroni instruments.2.2.9 USBThe system-on-hip integrates a protool stakompatible with full-speed host USB. The SoConnets diretly to USB transeivers to inter-fae the ports.The USB-ompatible ports allow onnetionof keyboards, mie, USB stiks, wireless net-work ards, et.2.2.10 DMX512 and MIDIThese two interfaes are ommon in stage en-vironments. DMX512 is a protool for ontrol-ling lighting while MIDI onnets eletroni in-struments together.By integrating these two interfaes, theMilkymist SoC enables new ways of easily in-terating with the visuals.2.2.11 IR remoteThe SoC integrates a RC-5 ompatible IR re-mote ontrol deoder. The user an utilizemost eletroni applianes' remote ontrols tointerat with the visuals or navigate throughGUI menus.2.2.12 Video inputA video input ompatible with PAL, SECAMand NTSC is supported by the system. Likeevery high-bandwidth DMA master, it is on-neted to the FML bus.An external ADC and deoder hip with aBT.656 interfae like the ADV7181 is used.This simpli�es greatly the problem of deod-ing multiple video standards.

Fig. 3: Milkymist One (piture: JoahimSteiger, CC-BY-SA)

Fig. 4: Milkymist One, ase removed (piture:Adam Wang, CC-BY-SA)This video input enables the use of the de-vie in live video mixing and transformationappliations.3 Hardware development systemThe Milkymist SoC is the entral omponentof our ommerial Milkymist One produt (�g-ures 3 and 4), whih uses a heap and high-density Spartan-6 FPGA (XC6SLX45) to im-plement it.Early versions of the SoC were prototyped ona Xilinx ML401 development board equippedwith a Virtex-4 XC4VLX25 FPGA.On the software side:



Fig. 5: The Genode FX GUI toolkit (piture:Genode Labs)
• ISE Webpak from Xilinx synthesizes theFPGA bitstream,
• UrJTAG [10℄ is used to load bitstreamsinto the FPGA and write the �ash,
• Verilog simulations are run with GPLCver [15℄ and Iarus Verilog [17℄,
• GCC is used to ompile the ode for theSoC's CPU.All these tools are either free (as in freedom)or available at no harge.4 Software supportAs stated earlier, GCC an ompile ode forthe LattieMio32 CPU target, whih eases theporting of existing C or C++ software.Our �nal system runs RTEMS with kerneldrivers for all the system-on-hip omponents,and uses MTK GUI toolkit (whih is a mod-i�ed version the Genode FX GUI toolkit [11℄shown in Figure 5) to enable the user to on-�gure and tune the system. The visual e�etengine is based on the �iterative rendering� ideabehind MilkDrop, and uses the same system ofparametrizable equations to de�ne the e�ets.5 ConlusionMilkymist features a powerful system-on-hipdesign, perfetly suited for running intensive

video proessing and graphis appliations. Itis also fully open-soure (GNU GPL liense ver-sion 3), �exible and well doumented, allowingits omponents to be re-used in other system-on-hip designs.Copyright notieCopyright ©2007-2011 Sébastien Bour-deauduq. Permission is granted to opy,distribute and/or modify this doument underthe terms of the GNU Free DoumentationLiense, Version 1.3.Referenes[1℄ Sébastien Bourdeauduq. Con-�guration and Status Register(CSR) bus spei�ations, 2009.http://www.milkymist.org/sodo/sr.pdf.[2℄ Sébastien Bourdeauduq. FastMemo-ryLink (FML) bus spei�ations, 2009.http://www.milkymist.org/sodo/fml.pdf.[3℄ Sébastien Bourdeauduq. High Perfor-mane Dynami Memory Controller, 2009.http://www.milkymist.org/sodo/hpdm.pdf.[4℄ Sébastien Bourdeauduq. Anopen hardware VJ platform- Tehnial aspets, 2009.http://www.milkymist.org/sodo/onfslides.pdf.[5℄ Sébastien Bourdeauduq. Pro-grammable Floating Point Unit, 2009.http://www.milkymist.org/sodo/pfpu.pdf.[6℄ Sébastien Bourdeauduq. Tex-ture Mapping Unit, 2009.http://www.milkymist.org/sodo/tmu.pdf.[7℄ Milkymist ommunity. Milkymist- eyeandy on a hip.http://www.milkymist.org.[8℄ Lattie Semiondutor Cor-poration. LattieMio32.http://www.lattiesemi.om/produts/



intelletualproperty/ipores/mio32/index.fm.[9℄ Siliore Corporation and Open-Cores.org. WISHBONE System-on-Chip (SoC) Interonnetion Arhi-teture for Portable IP Cores, 2002.http://openores.org/downloads/wbspe_b3.pdf.[10℄ UrJTAG developers. UrJTAG.http://www.urjtag.org.[11℄ Norman Feske and Matthias Alles.Genode FX: an FPGA-based GUIwith Bounded Output Lateny andGuaranteed Responsiveness to User In-put. http://www.genode-labs.om/publiations/genode-fpga-graphis-2009.pdf.[12℄ Eletroni Engineering Times ViaThomson Dialog NewsEdge. Lat-tie spins uClinux support for Mio32.http://headsets.tmnet.om/news/2008/03/31/3357158.htm.[13℄ Nullsoft. MilkDrop plug-in for Winamp.http://www.nullsoft.om/free/milkdrop/.[14℄ Tomas Rokiki. Indexing Memory Banksto Maximize Page Mode Hit Perentageand Minimize Memory Lateny, 2003.http://www.hpl.hp.om/tehreports/96/HPL-96-95R1.html.[15℄ Pragmati C Software. GPL Cver.http://gplver.soureforge.net/.[16℄ Shawn Tan. AEMB 32-bit Miroproessor Core.http://www.openores.org/?do=projet&who=aemb.[17℄ Stephen Williams. Iarus Verilog.http://www.iarus.om/eda/verilog/.


