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1. Introduction

Heterogeneous computing comprises sequen-
tial and parallel mapping of a certain application or
subtask to the best available individual device on a
system. These individual set of devices usually in-
dividually referred as Processing Elements (PEs)
or nodes make it possible to specialize processors
to the target application. The built system in this
thesis project addresses some challenges of em-
bedded CNN such as task and data partitioning,
and workload balancing. The selected heteroge-
neous platform embeds an Nvidia® Jetson TX2
for the CPU-GPU side and an Intel Altera® Cy-
clone10GX for the FPGA side interconnected by
PCIe Gen2 with a MIPI-CSI camera for prototyp-
ing.

2. Problem definition

Traditional von Neumann hardware architectures for deep earning applications are power hungry, be-
cause on embedded design, most of the resources are constrained, methodologies must be devel-
oped to find acceptable solutions when mapping to a platform. This paradigm definition of model of
computation and model of architecture, must be optimized considering multiple objectives such as
power consumption, latency, performance degradation, inference error and communication to computa-
tion boundaries typical found in heterogeneous systems.

3. Related work

Bittner et al. [1] and Thoma et al. [2] address this challenge by measuring throughput and latency as
computation-to-communication ratio and establishing a direct communication between devices. In the
area of embedded GPU-FPGA heterogeneous systems, Mohammad et al. [3] use a similar architecture
with an Nvidia Jetson TX1 SoM with a Xilinx ZCU102 tested on multiple task such as histogram algo-
rithm, dense and sparse matrix-vector multiplication, but not tested on deep learning tasks. Yuexuan et
al. [4] also propose an architecture, but with an Nvidia Jetson TX2 SoM coupled with a Xilinx Nexys
A7-100T, using a CNN for performance testing but with a UART interconnection interface, causing an
overhead in the tensor transfer.

4. Hypothesis

A CNN pre-trained computation model can be accelerated on a heterogeneous FPGA and GPU for
embedded smart camera design.

5. Objectives: Specific objective for this stage

Propose a model of architecture to be tested with well known CNN, like YOLOv2 [5] for this case of study.

6. Current work: Layer-wise data partitioning and evaluation for
YOLOv2

7. Early Results

8. Conclusions and Future work

We have presented a GPU-FPGA architecture to be evaluated for performance and capabilities. It
is built from two state-of-the-art device architectures, widely used in the DL community, and combines
their advanced support of system parallelism. However, the most important challenge brought by such
architecture is to efficiently partition the computation, represented with a model of computation, on the
platform model of architecture. In future work, we will consider hardware-aware training and infer-
ence to add cost parameters such as power consumption. The mathematical model of this optimization
problem is still to be defined and therefore an optimization technique has to be selected to address this
problem in a multi-constrained manner.
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