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Abstract 
For best exploiting outstanding computational power and high 
memory bandwidth of a GPU, the main purpose of this work is to 
demonstrate the use of GPU on the implementations of ultrasound 
beamforming under a CUDA environment. Our software-based 
approach on a GPU is expected to reduce the burden of hardware 
complexity and offer the advantages of flexibility, quick 
implementation and adaptability to any future change in the 
requirement of ultrasound imaging applications. 

Results 
The performance analysis shows that our real-time-GPU-based 
beamformer can be successfully implemented with 307 frames per 
second and speedup of 390.5X compared with the single-threaded 
implementation on a high-performance CPU platform. 

Optimization Strategies 
Exhaustively parallelize the sequential code by decomposing it into three 

efficient kernels 
Memory optimization: 
Use constant memory for data that is accessed by all the threads in the 

same warp ( filter coefficients and window coefficients) 
Use shared memory for repetitively-read data in a block 
Arrange data in a coalesced address pattern 
Use high memory bandwidth data transfer (pinned memory) 

Instruction Optimization 
Use arithmetic instructions with high throughput: -use_fast_math for 

sin() and cosine() functions 
Use single precision instead of double-precision (50.3% improvement) 
Replace dependent short instructions by long independent instructions 

to avoid read-after-write dependency (saves extra 25.1%) 
Avoid branch or divergent warp 

Use optimal block and thread configurations 

Conclusions 
Our experiments demonstrate that with the same quality of output 
image, our real-time GPU-based beamformer can be successfully 
implemented with high frame rate which satisfies the real-time 
requirement. It offers the advantages of flexibility, quick 
implementation and adaptability compared to conventional  
beamforming system. 
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