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A high-speed PSO (Particle Swarm Optimization) hardware engine is proposed
in this research. The proposed PSO hardware engine have tree distinctive features which are adaptive
particle calculation block (APCB),pipeline fitness calculation engine (PFCE) and asynchronous
control unit (ACU). The APCB can selectively switch the multiple PSO algorithms based on the
convergence statues. The PFCE adopts a proposed sub-processor to reduce the calculation time with
pipeline technology. The ACU can drastically improve the performance of each module for reducing the

unnecessary waiting time. As the result, the proposed hardware engine can achieve 10 times
processing speed compared the conventional approach.
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CORDIC 90nm FPGA
CORDIC
PSO 3
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GALS
23
CORDIC
CORDIC
CORDIC PSO
70 Synchronous Asynchronous Improvement
Calculation Time  198.4 ms 63.5 ms 312.44%
PSO Chip Cost 4,167 LEs 5.125 LEs -22.99%
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\ Z1%45% 7 JLCORDIC FPGA PSO
PSO
1.5
Conventional Proposed Improved
Hardware [1] Hardware  Radio 20170121 MAPE: 18.70
Coarse rotation — 5381 ns —
Precise rotation — 7277 ns —
Max. iteration 32 7 78.1%
Mean iteration 32 5.09 84.1%
Avg. calculation time 640 ns 160 ns 400% E
PSO
Particle Iteration Logic Calculation time for Total calculation
number number clements one particle time
Conventional hardware 10 50 3972 76.98ns 38,495 w2 w2 s36  10Ms  mo  1m2 1424 1836 648 1800
Proposed hardware 10 50 4167 34.83ns 17.41ps "
Conventional Proposed approach
Function ) Y Max It- Min Mean
PSO CORDIC[S] eration Iteration Iteration
sin(x) 32 7 2 5.061
cos(x) 32 7 2 5.061
tan(x) 32 7 2 5.061
aresin(x) 32 11 3 8916
arecos(x) 32 11 3 8916
GALS(Globally Asynchronous Locally Syn- arcran(s) = S 3 550
chronous) GSLA(Globally Synchronous sinh() 2 7 2 4655
cosh(x) 32 7 2 4.655
Locally Asynchronous) 2 i) = Z : e
exp(x) 32 7 2 4.655
GALS arctanhi(x) 32 7 3 5.217
in(x) 32 3 4 6.205
sqri(x) 32 7 3 5.531
1.5 aresinh(x) 32 7 3 5.428
( ) PSO arcosh(x) 32 7 3 5.741
FPGA 65nm
LSI PSO
FPGA
PSO PSO
FPGA 14nm
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