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ABSTRACT

In this thesis, a new design methodology and new tools for modeling and
synthesis of real-time video processing systems are presented. A real-time video
processing system is a system that performs computations on a continuous
sequence of images. Image processing is a memory intensive application. This, in
turn, leads to the design challenge of bridging the classical gap of speed between
memories and computational units. Several techniques exist for building memory
hierarchies that exploit data- locality and reuse in order to overcome this memory
gap. However, the support from tools to aid the designer in dataflow analysis and
memory design is very modest.

Additional constructs for modeling electronic systems enable well-known
sequential programming languages such as C/C++ to be used for system
modeling. Ocapi and SystemC, two object-oriented specification methods are
compared in a case study. In this study, SystemC is found to be the most suitable
specification method for video processing systems.

Most operations invoked in video processing are neighborhood oriented. For a
video system designer, this spatio-temporal collection of pixels represents a natural
abstraction. In addition, the same pixel neighborhood reflects data dependencies that
are crucial to system synthesis. An extended SystemC modeling methodology, called
IMEM is presented. IMEM can be used to capture memory transactions and stream
interfaces based on the pixel neighborhood as an abstraction.

Two important steps towards synthesis of video systems onto Field
Programmable Gate Arrays (FPGAs) are presented. These two steps are parts of a
decomposition of the complete synthesis task. Firstly, the optimal sizes and
placements of all FIFO-buffers in the memory system are optimized. Bit-widths,
pipelining and possible sharing of FIFO-buffers among several data flow
dependencies are considered at this step. Secondly, the set of FIFO-buffers are
allocated onto a set of dual-ported fined grained memories. Both synthesis steps
are formally modeled using network flow techniques and linear programming,.

In addition, a synthesis method that can automatically transform an IMEM
model of a single spatial neighborhood into a multimedia processor implementation
is presented. The cache and the instruction scheduler performance are both
optimized by the tool.

IMEM is an application specific methodology that provides the non-
hardware skilled video designer with an easy programming model and an FPGA
synthesis tool. Memory usage is modeled separately from computation. This is a
key feature since memory usage is accepted as being the biggest design bottleneck
for video processing.






SAMMANDRAG

I denna avhandling presenteras en ny metod och nya verktyg for
modellering och syntes av videobearbetande system i realtid. Ett
videobearbetande system &r ett system som utfor berdkningar pa en kontinuerlig
strom av bilder. Bildbehandling &r en minnesintensiv applikation. Detta i sin tur
leder till en stor utmaning for konstruktoren, namligen att 6verbrygga en valkand
skillnad i hastighet mellan minnen och berdkningsenheter. Det finns ett flertal
vialkanda tekniker att 6vervinna denna skillnad genom att utnyttja lokaliteten och
ateranvandningen av data. Stod frdn befintliga verktyg som kan hjilpa
konstruktoren med dataflodesanalys och minneskonstruktion kan dock anses vara
blygsam.

Genom att tillfora mekanismer for modellering av elektroniska system, sa
kan traditionella sekventiella programmeringssprék, sa som C/C++ anvandas for
modellering av system. Ocapi och SystemC &r tva objektorienterade
specifikationsmetoder som jamforts i en fallstudie. I denna studie framstar
SystemC som bést lampad for specifikation av videobearbetande system.

De flesta bildbehandlingsoperationer arbetar pa en lokal mingd av
bildpunkter. For en bildbehandlingskonstruktor s framstar denna lokala mangd
av bildpunkter som en abstraktion. Tillika representerar samma méngd
bildpunkter de databeroenden som &r avgsrande vid syntes. I denna avhandling
presenteras IMEM, en ny specifikationsmetod som kan anvandas till att modellera
minnesanvédnding och transaktioner genom att utnyttia en lokal mangd
bildpunkter.

Tva betydelsefulla steg mot att med automatik kunna oversitta en modell i
IMEM till en implementation i en Field Programmable Gate Array (FPGA)
beskrivs. Dessa tva problemformuleringar dr delsteg i hela syntesprocessen. I
forsta steget optimeras placering och storlek av alla buffertminnen. Hénsyn tas
hirvid till bitbredd, pipelining och eventuell delning av buffertar mellan flera
databeroenden. I det andra steget allokeras buffertminnen till en méngd sma
dubbelportade minnen. Bada syntesstegen modelleras formellt med hjilp av
nétverksfloden och linjar programmering.

Dessutom presenteras en syntesmetod som kan oversitta en enkel IMEM-
modell till en implementation i en mediaprocessor. Cache-minneshantering och
schemaldggning av instruktioner optimeras av verktyget.

IMEM ir en applikationsspecifik metod for videosystem som tillhandahéller
en enkel programmeringsmodell och ett syntesverktyg for FPGA-kretsar.
Minnesanvandning modelleras separat frdn berdkningar. Detta dr en viktig
egenskap, eftersom i huvudsak minnestransaktionerna kommer att begrdnsa
systemets prestanda.



