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Neural network for tomorrow

ΛExtensively adopted in the embedded world

ΛComputer vision and image processing tasks,
Υobject categorization and labeling

ΛAutonomous driving, industry 4.0
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A lot of stuff to do…

ΛMultiple bidimensional layers

ΛHugenumber of multiply-accumulate (MAC) operation

Λon thousandsof pixel of an input image
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..at low SWaP

Training is "easy"

powerful servers

"big data"-sets

Inference is an issue
on-vehicle ECUs, in-plant boards

constrained in Size,Weight and Power
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…which architecture?

5

Accelerator

Core

Core

(Host)

Memory

IC

GP-GPUs

"pure" GP-

many-cores
Reconfigurable 

logics

?
DL 

accelerators



This (ongoing) work

Profile open-source packages… 

…of state-of-the-art (C)NNs…

…on automotive platforms

Three categories

ΛPresent (Embedded GP-GPUs)

Λ(Next) future (Reconfigurable/FPGAs)

Λ(Next-next) future
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Today
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Nvidia Parker SoC

VDrive PX2 for autonomous driving

V4 x ARM Cortex 57 + 2 x Denver

VPascal GPU

Xilinx Zynq Ultrascale+

V4 x ARM Cortex A53 + 2 x R5

VMali GPU

VFPGA fabric



Yolo



Yolo on Tegra X2: FPS
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Yolo on Tegra X2: power
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Yolo on XU+

ΛClaimed 40FPS

ΛBNN (good for FPGA)
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AlexNet
(PipeCNN)



AlexNet on TX2

ΛClassification, not detection (as Yolos)
ΥLighter

Λ5 conv. layer, fully-connected last layer, 76% precision
Υhttps://github.com/opencv/opencv_extra/blob/master/testdata/dnn/bvlc_alex

net.prototxt
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AlexNet on XU+

ΛClocked 2-3x than TX2
ΥNo clock scaling with xfDNN engine 
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ZynqNet



ZynqNet on Tegra X2

ΛClassification

Λ28 layers, 83% precision
Υhttps://dgschwend.github.io/netscope/#/preset/zynqnet
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ZynqNet on Tegra X2

ΛClassification

Λ28 layers, 83% precision
Υhttps://dgschwend.github.io/netscope/#/preset/zynqnet
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ZynqNet on UC+

Λ78% accuracy (83% on TX2)
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Discussion

ΛGPU use Caffe engine, FPGA xfDNN engine
ΥHighly-optimized for GPU (impressive performance for ZynqNet and AlexNet

ΥThanks to FP data

Υ16-bit int ops on FPGA => not optimal

ΛCaffè engine + demos from Xilinx not programmable, not 
flexible (only 1 image)

ΛXU+ carrier board  SoC as power efficient as TX2

Next

Λ(Consolidate XU+ results and) work on MPPA μcore

ΛPipeCNN on Altera's DE5Net board?
ΥClaimed: AlexNet 67 FPS @27W, VGG16 0.7FPS @30W 
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Backup



State-of-the-art CNNs

ΛYou-Only-Look-Once
ΥTiny YOLO

ΛAlexNet
ΥPipeCNN

ΛZynqNet
ΥETHZ

Λ….
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The present: NVIDIA Tegra X2

Λ256 core Pascal GP-GPU
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The (next) future: Xilinx Ultrascale+

ΛXilinx Ultrascale+ EG/EV
ΥWith GPU Mali-400MP2
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Yolo on Tegra X2: E2E latency
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Yolo tiny
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Yolo tiny on Tegra X2

Λ15 layer (half than Yolo)

ΛReported57.1% mean avg Precision vs 78.6% Yolo
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Yolo tiny on Tegra X2: power

Λ15 layer (half than Yolo)

ΛReported57.1% mean avg Precision vs 78.6% Yolo
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Tinier yolo on UC+

Λ7 layers vs. 15 (tiny yolo) vs. 30 (Yolo)

Λhttps://github.com/Xilinx/QNN-MO-
PYNQ/blob/master/notebooks/Tinier-YOLO-topology.svg
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AlexNet on TX2
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ZynqNet on Tegra X2
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