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Neural network for tomorrow

N\ Extensively adopted in the embedded wor

A\ Computer vision and image processmg tasks,
Y object categorization and labeling




A lot of stuff to do...

A\ Multiple bidimensional layers
A Hugenumber of multiplyaccumulate (MAC) operation

A onthousandsof pixel of an input image

- Convolutions w/ Pooling: Convs: Pooling: Convs: . :
Local Divisive ] . Linear Object
Normalization filter bank: 20x4x4 100x7x7 20x4x4 800x7x7 Classifier Categories / Positions

20x7x7 kernels kernels kernels kernels kernels

>{ f-3 } at (xi,y1)

“{ 7 rat ooy

Input Image Normalized Image
1x500x500 1x500x500

e 27 |} at (x,yx)
=

C1: 20x494x494 C3: 20x117x117

C5: 200x23x23

ASi ncpdlel s ‘?‘Complex
cellso

Multiple pooling
convolutions subsampling




..at low SWaP

Training Is éasy

powerful servers

"big data'-sets

Inference Is amssue

on-vehicle ECUs,4plant boards
constrained in Size,Weight and Pow




...wWwhich architecture?
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This (ongoing) work

Profleopers our ce packages
...0of -eftha-da et ( C) NNs
..0on automot i

Three categories

N Present (Embedded GBPPUS)

N\ (Next) future (Reconfigurable/FPGAS)
A\ (Nextnext) future




Today

Nvidia Parker SoC
V' Drive PX2 for autonomous driving
V 4 x ARM Cortex 57 + 2 x Denver
V Pascal GPU

Xilinx Zynqg Ultrascale+
V 4 x ARM Cortex A53 + 2 X R
V Mali GPU

V FPGA fabric




Yolo




FPS

Yolo on Tegra X2
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power

Yolo on Tegra X2

Power (Board) @19V
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Yolo on XU+

N Claimed 40FPS
ABNN (good for FPGA)

WORK IN PROGRESS
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AlexNet
(PipeCNN)




AlexNet on TX2

N\ Classification, not detection (as Yolos)
Y Lighter

A5 conv. layer, fuliconnected last layer, 76% precision

Y https://github.com/opencv/opencv extra/blob/master/testdata/dnn/bvic alex
net.prototxt

Throughput

600

500

400
300
200
100

1728
1267,2

806,4

114,75
216,75
318,75

420,75

522,75
624,75
726,75

345,6

828,75
930,75
1032,75
1134,75
1236,75
1300,5

H(0-100 ®W100-200 m200-300 ™W300-400 wW400-500 mW500-600 13



https://github.com/opencv/opencv_extra/blob/master/testdata/dnn/bvlc_alexnet.prototxt

AlexNet on TX2

N\ Classification, not detection (as Yolos)
Y Lighter

A5 conv. layer, fuliconnected last layer, 76% precision

Y https://github.com/opencv/opencv extra/blob/master/testdata/dnn/bvic alex
net.prototxt
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https://github.com/opencv/opencv_extra/blob/master/testdata/dnn/bvlc_alexnet.prototxt

AlexNet on TX2

N\ Classification, not detection (as Yolos)
Y Lighter

A5 conv. layer, fulhconnected last layer, 76% precision

Y https://github.com/opencv/opencv extra/blob/master/testdata/dnn/bvic alex
net.prototxt

Power @19V (SoC only)

1728
1267,2

806,4

QI—‘MW":'U_I

114,75
216,75

345,6

318,75
420,75
522,75
624,75
726,75
828,75
930,75
1032,75
1134,75
1236,75
1300,5

HO-1 m1-2 m2-3 m3-4 m4-5 15



https://github.com/opencv/opencv_extra/blob/master/testdata/dnn/bvlc_alexnet.prototxt

AlexNet on XU+

N\ Clocked Zx than TX2
Y No clock scaling with xXfDNN engine

Avg E2E latency (ms) Throughput (FPS)
300MHz
300MHz 2.4 Ghz 61,554
2.4 Ghz 16,24
Board average power SoC average power
300MHz 300MHz
2.4 Ghz 23,1165 2.4 Ghz 0,5097

Power comparison SoC XU+ and TX2 (max freq)[Wat

XU+ TX2
300MHz 114,75MHz
2.4 Ghz 0,5097 1,11 Ghz 0,68751
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ZyngNet




ZynqgNet on Tegra X2

N\ Classification

N\ 28 layers, 83% precision
Y https://dgschwend.qgithub.io/netscope/#/preset/zyngnet
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https://dgschwend.github.io/netscope/#/preset/zynqnet

ZynqgNet on Tegra X2

N\ Classification

N\ 28 layers, 83% precision
Y https://dgschwend.qgithub.io/netscope/#/preset/zyngnet
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https://dgschwend.github.io/netscope/#/preset/zynqnet

ZyngNet on UC+

N\ 78% accuracy (83% on TX2)

Throughput (FPS)
300 Mhz
2.4 Ghz 77,47

Board average power

300 Mhz

2.4 Ghz 22,9953 300 Mhz
2.4 Ghz 0,3885

SoC average power
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Discussion

N GPWuse Caffeengine,FPGAIDNNengine

Y Highlyoptimized for GPU (impressiperformance for ZyngNet anéllexNet
Y Thanks to FP data
Y 16-bit int ops on FPGA => not optimal

N\ Caffe engine + demos from Xilinx not programmable, not
flexible (only 1 image

N\ XUt earrer-board SoC as power efficient as TX2

Next
A\ (Consolidate XU+ results and) work on MigBére

A PipeCNN on Altera's DE5Netard?
Y Claimed: AlexNed7 FPS @'W, VGG16.7FPS @30W
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Backup




State-of-the-art CNNs

A YouOnly-LookOnce
Y Tiny YOLO

N AlexNet
Y PipeCNN

N\ ZyngNet
Y ETHZ
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The present: NVIDIA Tegra X2

GPU accelerator
complex

Host complex

GLOBAL / DRAM

N\ 256 core Pascal GPPU
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The (next) future: Xilinx Ultrascale+

FPGA accelerator
complex

Host complex

N\ Xilinx Ultrascale+ EG/EV
Y With GPU Maj#00MP2
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Yolo on Tegra X2: E2E latency

E2E latency
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Yolo tiny




Yolo tiny on Tegra X2

A 15 layer (half than Yolo)
N\ Reported57.1% mean avg Precision vs 78.6% Yolo

E2E latency
0,25/
0,2
0,15
goé; 1728
* 1267,2
0
N g 806,4
E‘;;ﬂ‘gﬂﬂ“m 3456
Hﬂgaﬁg‘@‘;“‘,ﬂ__ﬂmm’
TeRNEEE R s
o "
= 3 o 3

m 00,05 m0,0501 m0,210,15 m0,150,2 m0,2-0,25

28




Yolo tiny on Tegra X2

A 15 layer (half than Yolo)

N\ Reported57.1% mean avg Precision vs 78.6% Yolo
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Yolo tiny on Tegra X2: power

A 15 layer (half than Yolo)
N\ Reported57.1% mean avg Precision vs 78.6% Yolo
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Tinier yolo on UC+

N7 layers vs. 15 (tiny yolo) vs. 30 (Yolo)

A https://github.com/Xilinx/ ONNMO-
PYNOQO/blob/master/notebooks/TinieY OLGopology.svg

WORK IN PROGRESS
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https://github.com/Xilinx/QNN-MO-PYNQ/blob/master/notebooks/Tinier-YOLO-topology.svg

AlexNet on TX2

N\ Classification, not detection (as Yolos)
Y Lighter

A5 conv. layer, fuliconnected last layer, 76% precision

Y https://github.com/opencv/opencv extra/blob/master/testdata/dnn/bvic alex
net.prototxt
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https://github.com/opencv/opencv_extra/blob/master/testdata/dnn/bvlc_alexnet.prototxt

ZynqgNet on Tegra X2

N\ Classification

N\ 28 layers, 83% precision
Y https://dgschwend.qgithub.io/netscope/#/preset/zyngnet
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https://dgschwend.github.io/netscope/#/preset/zynqnet

