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A Parallel-Architecture Processor Design
for the Fast Multiplication of Homogeneous Transformation Matrices

#oaor & s T
(Do-All Kwon - Tae-Sang Chung)

Abstract - The 4x4 homogeneous transformation matrix is a compact representation of orientation and position of an
object in robotics and computer graphics. A coordinate transformation is accomplished through the successive
multiplications of homogeneous matrices, each of which represents the orientation and position of each corresponding link.
Thus, for real time control applications in robotics or animation in computer graphics, the fast multiplication of
homogeneous matrices is quite demanding. In this paper, a parallel-architecture vector processor is designed for this
purpose. The processor has several key features. For the accuracy of computation for real application, the operands of
the processors are floating point numbers based on the IEEE Standard 754. For the parallelism and reduction of
hardware redundancy, the processor takes column vectors of homogeneous matrices as multiplication unit. To further
improve the throughput, the processor structure and its control is based on a pipe-lined structure. Since the designed
processor can be used as a special purpose coprocessor in robotics and computer graphics, additionally to special
matrix/matrix or matrix/vector multiplication, several other useful instructions for various transformation algorithms are
included for wide application of the new design. The suggested instruction set will serve as standard in future processor
design for Robotics and Computer Graphics. The design is verified using FPGA implementation. Also a comparative
performance improvement of the proposed design is studied compared to a uni-processor approach for possibilities of its

real time application.
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Fig 3.5 Block diagram of floating-point adder
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