
The intent of this poster is to give an outline of the NECST
Laboratory’s Biomedical Engineering research projects
employing Xilinx reconfigurable hardware. Examples are
presented in different contexts and application domains.
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Retinal Vessels Segmentation for Diabetic Retinopathy Screening Tests [1]

Reusable Technology

Conclusions & Future Work
The results presented in this poster show the potential of Xilinx
FPGAs as enabling technology for different Biomedical
Engineering applications. Future work will continue to explore
deeply the interconnections between computer science,
biomedical engineering and reconfigurable computing.

Biomedical engineering is, by nature, an interdisciplinary 
endeavor to approach solving complex medical problems 
by applying engineering principles and design concepts. 

While accuracy and reliability are common requirements in
all BioE&&CS work, different challenges have to be faced
depending on the targeted technology:

• Wearable and portable devices pose the problem of
achieving real time computation while matching
resources and power constraints.

• Big (Medical) Data analysis highlights the need for a fast
computation, to be carried in the most power efficient
way in order to reduce healthcare costs.

Moreover, in such a complex and promising scenario,
reusability and customizability are key aspects in speeding
up both academic and enterprise research processes.

APPROACHING HUMAN COMPLEXITY THROUGH XILINX FPGAs
Guido Walter Di Donato, Davide Asnaghi, Luca Cerina, Marco Domenico Santambrogio

NECST Laboratory, DEIB, Politecnico di Milano  - guidowalter.didonato@mail.polimi.it

References

Computational 
Heterogeneity

Biomedical 
Engineering

Computer
Science

Average accuracy > 90% w.r.t. manual
segmentation on STARE and DRIVE data.

6X speedup and 5,5X power efficiency
w.r.t. SW implementation (i7-6700).

3X speedup w.r.t. state of art FPGA
implementation.

Surface EMG Non-negative Matrix Factorization for Hand Prosthesis [2]

Real-time NMF processor achieves
20,3X speedup and 18,9X power
efficiency w.r.t. ARM CPU.

Hand gesture classifiers’ (SVM,
LTSM) performances were only
negligibly affected by fixed-point
number representation.

• Retinal Segmentation is suitable for biometric identification
systems, while single image elaboration steps can be
reused in other image processing applications [1].

• NMF processor and Pearson Correlation Coefficient IP core
find application in a broad array of big data analysis and
Machine Learning applications [2][3].

• Symbolic Analysis processor’s algorithmic steps are
implemented as independent cores, this is an example of
high modularity design enabling easy customization:

Pearson Correlation Coefficient for mapping neural connections in fMRI [3]

Four processing units run concurrently
on a bus based architecture.

The proposed FPGA implementation
always guarantees the best power
efficiency when compared to multi-
threaded and GPU implementations.

Symbolic Analysis of Heart Rate Variability

7,4X speedup and 9,9X power efficiency
w.r.t. optimized software implementation
(ARM CPU).

2,7X speedup and 41,9X power efficiency
w.r.t. optimized software implementation
(x86 Intel CPU)
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