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Abstract

This project is to design a dual mode DXB software-defined radio (SDR) baseband
system-on-a-chip (SoC) for the two standards DAB and DVB-T. The goals are to
develop the following technologies in three years. configurable architecture platform

of SDR, SoC system-level design, high-performance low-power silicon I1Ps, combined



logic-level and physical-level synthesis, SoC integrated design and verification flow.
In this year, the general project has outlined the design and verification flow of DXB.
In addition, the associative five subjects have completed the following key modules
and technologies. (1) design of the architecture and instruction set ssmulator (ISS) for
a high performance, high code density, variable-length VLIW DSP with SIMD
capability, (2) Low-memory requirement and variable-length FFT processors, (3) an
automatic error-controlled hardware-configurable multiplier generator with timing

driven routing and placement considerations.

Keyword: Software-defined radio (SDR) baseband SoC, SoC integrated design and
verification flow, DSP, instruction set simulator, FFT processor,
multiplier generator.
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Abstract:  This three-year project will be focused on designing an integrated receiver
architecture in baseband for the DAB and the DVB-T broadcasting system. This
integrated receiver architecture will be provided as a reference for the design of the
SDR (Software Defined Radio). This is the first year and our magor job is to
completely integrate the recelver architectures of the signal synchronization
subsystems for the two broadcasting systems. The receiver of the DAB signa
synchronization subsystem will perform the frame synchronization, the symbol
synchronization, the fractiona frequency offset detection and the integral frequency
offset detection sequentially. However, in the DVB-T system, the symbol
synchronization, the fractional frequency offset detection, the integral frequency
offset detection and the frame synchronization will be performed sequentially by the
receiver of the signal synchronization subsystem. Although the receivers of these two
subsystems do not perform in the same orders, their architectures are similar. We can
use the software control method to integrate the receiver architectures of the two
signal synchronization subsystems. In this report, we will propose an integrated
receiver architecture for the two subsystems. Then, we will simulate these signal



synchronization methods based on the receiver architecture of the DAB signa
synchronization subsystem, and discuss the performance of these methods.

Key Word: DAB, DVB-T, SDR (Software Defined Radio), signal synchronization
subsystem, frame synchronization, symbol synchronization, fractional
frequency offset detection, integral frequency offset detection.
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Abstract: This report describes the project progress in developing core technologies
for OFDM-based digital video broadcasting (DVB) system. The research tasks
include the following: synchronization algorithm, high-point FFT processor design,
and Viterbi decoder used in FEC processor. To provide a better environment for
performance analysis of synchronization algorithms, a system simulation and design
platform should be constructed first. And then all the rest key modules can be
designed and simulated. There are 3 parts in this report, including DVB-T simulation
platform, high-point FFT processor, and Viterbi decoder design. In addition, a
technica report for attending an international conference (ESSIRCC2002) is
appended for reference.

Keywords: DVB System, OFDM, Synchronization Algorithm, FFT processor,
Viterbi Decoder, System Simulation Platform.
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Abstract:  This project is to develop a programmable digital signal processor
(programmable DSP or DSP processor) for wireless communications, which features:
(1) high performance (> 2,000MOPS), (2) good code density, (3) low power
(<ImW/MOP), and (4) configurability. VLIW processors with static instruction
scheduling and thus deterministic execution times are very suitable for
high-performance real-time DSP applications. In the first year of this project, we
propose a novel variable-length VLIW DSP with SIMD capability and constructed its
instruction set simulator (ISS) and evaluated the performance. The two major
weaknesses in VLIW processors have been improved, which prevent the integration
of more functional units (FU) for a higher instruction issuing rate — the exponentially
growing complexity in the register file (RF), and the poor code density due to the
NOP instructions. First, our proposed novel ring-structure RF partitions the
centralized RF into 2N sub-blocks with an explicit N-by-N switch network for N FU.
Each sub-block only requires access ports for a single FU.  Second, we propose the
hierarchica VLIW encoding with variable-length RISC-like instructions and NOP
removal. The simulations show that our proposed instruction set architecture with
the exposed ring-structure RF has comparable performance with state-of-the-art
high-performance DSP processors.  The ring-structure RF saves 91.88% silicon area
and reduces 77.35% access time of the centralized RF. Moreover, the hierarchical
VLIW encoding saves 32%~50% code sizes.

Keywords:. digital signal processor (DSP), silicon IP, register file, variable-length
VLIW
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Abstract: There are five intermediate results generated so far from our on-going
project. The first four results are related to the IFFT processor design for the
demodulation of OFDM-based wireless/wireline communication systems including
DAB, DVB, 802.11a, 802.16 and VDSL systems. The four IFFT related results are: (1)
a data address generator designed for memory-based, variable-length FFT processor;
(2) three new architectures for coefficient index generation, which can work
efficiently with the mentioned variable-length data address generator, where the first
two are for fixed-radix FFT algorithm and the third one is for split-radix 2/4 FFT
algorithm; (3) a new coefficient generator which can replace conventiona high-cost
coefficient ROM; (4) a variable-length FFT processor which integrates the advance
technologies is proposed in part 4. Finally, we also developed a high-performance
channel estimation algorithm based on DCT.

Keyword: FFT, Address generator, Coefficient generator, OFDM, DAB, DVB.
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Abstract:  With the advent of semiconductor technology, the System-on-a-chip (SoC)
becomes a mainstream and focus of technologies on coming 21st century. The
integration of Computing, Communication and Consumer Electronics will be speeded
up through SoC, which causes the unavoidable trend of new era for technology and
enterprises. Especialy, the application of 3C integration is very important to the
progress of human being society.

People al over the world have come to expect fast, reliable, and easily accessible
wireless communications and now they are demanding faster ways to access datawith
applications as diverse as e-mail, file transfer protocol, Internet browsers, and even
real-time video teleconferencing. Wireless service providers who want to remain
competitive must keep pace with this demand. In this integrated project, we are
targeting on the study of beyond 3G wireless networks. Particularly, we are focusing
on SoC technologies for OFDM -based SDR baseband processing.



To design fast, area-efficient and low power multipliers is important because
multiplication is a key operation in many processors such as CPU, DSP and
FFT/IFFT processors for the wireless communications.

In previous research, we presented an automatic layout-driven multiplier generator.
The cell-based delay model, rather than the XOR-based model, is used for timing
estimation and the wire delay is also considered in the synthesis process. The timing
optimization, by considering the shape of the circuit, is conducted in the placement
process. Final adder is produced together with the column compression tree for
getting the simpler structure. By integrating synthesis, placement and resynthesis
processes in the multiplier generation flow, the multipliers generated by our
layout-driven multiplier generator outperform other previous works as shown in our
experimental results.

In this project, we present an automatic error-controlled hardware-configurable
multiplier generator. The determination of the hardware of amultiplier is based on the
error constraint given by users. With alowing some rounding errors, a significant
reduction in area and delay can be achieved. By considering signal arrival profile, we
also proposed severa techniques for timing driven routing and placement to optimize
the timing. By integrating synthesis, placement and resynthesis processes in the
multiplier generation flow, the multipliers generated by our multiplier generator
outperform other schemes used for comparison as shown in our experimental results.

Keyword: Multiplier, Quantization error, bipartite matching



