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Introduction to the
DeepStream SDK

Building a DeepStream Application .
(Material and presentation: Jeiyoon Park) =y \



https://jeiyoon.github.io/
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https://youtu.be/CuOWAqEk348
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1. I EE > decision boundary
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/ Assuming simple perceptrons:
y output = 1if Y}; w;x; + b; = 0, else 0 QS
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2. Decision boundary =41 {2 €X[? - HHEL| st&

=

- W = argmin [, div(f(X;W), g(X))dX,

74
- where f(X; W) has the capacity to exactly represent g(X), div() is a
positive divergence function that goes to zero when f(X; W) = g(X).
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https://www.youtube.com/watch?v=HO NZDSgR3Y&t=31s

3. GPUS| =9 M

- e.g.) NVIDIA Omniverse (3D simulation)
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https://www.youtube.com/watch?v=H0_NZDSqR3Y&t=31s
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https://www.youtube.com/watch?v=H0_NZDSqR3Y&t=31s
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9x Mellanox ConnectX-6 VPI
200 Gb/s Network Interface

178 RAM

[ 8x NVIDIA A100 GPUs ]

6x NVIDIA NVSwitches

600 GB/s GPU-to-GPU Bandwidth

[ 15TB Gend NVMe SSD

Dual 64-core AMD Rome CPU }
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3. Real-time application (e.g., F2xXH=2 ZAI2 = [|0|HFZ X 2|st=0
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DeepStream
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Models

Many Al applications have common needs: classific s, and more.

n, abject detection, lang
ained and
ined by updating just a few layers, saving valuable time.

age translation, text-to-speech, recommender engines, sentiment analy en developing applications with these capabili-

une it for a specific use case. The NGC catalog offers pre-trained models for a vari common Al tasks that are optimized for NV

ties, it is much faster to start with 3 model that is pre-

Core GP

=

ensor

and can be easily re-

NVIDIA.

NEMO

#x Model

Conformer-Transducer-Large model for
Catalan autematic speech recognition,
Trained on MCV-9.0 dataset.

NVIDIA.

TAQ / RIVA

£2 Model
For each word in the input text, the model:
1) predicts a punctuation mark that should

NVIDIA.

NEMO

#x Model

Conformer-CTC-Large madel for Catalan
automatic speech recognition, trained on
MCV 9.0 dataset.

NVIDIA.

TAO / RIVA

#X Model
For each word in the input text, the model
predicts a punctuation mark that should

NVIDIA.

NEMO

#x Model

Confarmer-CTC-Large model for
Kinyarwanda Automatic Speech
Recognition, trained on Mozilla Commen
Voice 9.0 Kinyarwanda dataset.

NVIDIA.

NEMO

%X Model
Russian single-pass tagger-based model for
inverse text normalization based on BERT

Sort: Last Modified

NVIDIA.

NEMO

& Model

Conformer-Transducer-Large model for
Kinyarwanda Automatic Speech
Recognition, trained on Mozilla Common
Voice 9.0 Kinyarwanda dataset.

NVIDIA.

TAD / RIVA

#x Model

Base Hindi 3-gram LM
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API Key Setup
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DeepStream Pipeline -3 (Part 1)

DeepStream Pipeline T+ (Part 2)
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API Key Setup

[

- DeepStream= At&3}7| 2[5 Nvidia GPU Cloud (NGC)O|A| API Key

SANVIDIA. NGC | SETUP

CLI

Generate AP| Key

Generate your own API key in order to use the NGC service The NGC command line interface (NGC CLI) can run deep
through the Docker client or through NGC CLI learning jobs on NVIDIA Docker containers.

Documentation

LEARHING
56 nvioia  IHETITUTE


https://catalog.ngc.nvidia.com/

API Key Setup

- DeepStream= AtE3}7| 2|3l Nvidia GPU Cloud (NGC)O| A API KeyE &0t

SANVIDIA. NGC | SETUP &g

API Key

API Information
Generate your own APl key to use the NGC service through the Docker client. Anyone with this API Key has access to all services, actions, and resources on your behalf.

Click Generate API Key to create your own API Key. If you have forgotten or lost your API Key, you can come back to this page to create a new one at any time.

Use your API key to log in to the NGC registry by entering the following command and following the prompts:

NGC CLI

$ ngc con

Docker™ [

For the username, enter 'scauthtoken' exactly as shown. Itis a special authentication token for all users.
& docker login mver.io

Username: $oauthtoken
Password: dTVQOWSO0anVndWSndnZqcTAyNHMOMHF tMzE 6 YWMyMnY 2NDATN jAwY i 00NzUKLWTRN] Yo YnFmZ JE2M] J1 OWYy

API Key generated successfully. This is the only time your AP| Key will be displayed. Keep your AP Key secret.

Do not share it or store itin a place where others can see or copy It.
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API Key Setup

- DeepStream= AtE3}17| 2|3l Nvidia GPU Cloud (NGC)O| A API KeyE 20t

wowritefile config
sWARNING - This is a machine generated file. Do not edit manually.
sWARNING - To update local config settings, see "ngc config set -h"

[ CURRENT ]
apikeyq<<<<MY_NGC_API KEY>>>>
format_type=]son

org=nvidia

# DO NOT CHANGE THIS CELL

'mkdir -p ~/.ngc & mv config ~/.ngc/

DzER
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DeepStream Pipeline T+ (Part 2)
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DeepStreamO| £2 0| &

Retail Analytics Optical Inspection Managing Logistics Content Filtering
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Classification
+ Localization

Classification

Single object

DeepStream

— E I Object Detection g Instance.
egmentation
v T — s B < o =S
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DeepStream Pipeline 1+

- Part 1: H|O|H & 8111 Lo|=Z2tQlof 20 =8 21 =t¢

- Part 2: I}O| =2} Q1 =2 Z 110f| Bounding box, text labelS& 37}, A%

Read from File Perform Inference Post-processing Write to File

| Part 1 J
| Part 2

DzER
R .
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Part1 Code Review




Reads data from a
file in the local file
system

Part 1 2¢2F

Decodes video
stream

Does inferencing on
input data

Parses H.264 stream

Forms a batch of
frames from input
source

Dummy sink that
swallows everything

DEEF
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Part 1 2¢2F y
NGC A—IX' &y&

- TrafficCamNet Object Detection Model E2{ 27|
- GStreamer and Pipeline Z27|%} (Gst.init(None))
- Pipeline 224 8/ (pipeline.add())

- Configuration 2 = 7‘* (pgie.set_property())
- _|_L|-O|.LLE|—O| |_} _9_)\'2 EI?I (lmk())

- Probe& O|-&35}0] metadata 20l (e.g., 22 Y Y O FE X )
- Data/r pad (i.e., source or sink pad)E X|L}Z I probeZ =0l

adsd ta frol
fl h loc: lfl

Does

inferencing on

Parses H.264 si

- gst_ buffer _get_ nvds batch_mata() / pyds.NvDsFrameMeta.cast()

- THO| = 2} 0T A[R

- Bus: I}Wlxl D LIE St=22 / get_bus() / add_signal_watch()

- loop = Glib.MainLoop()
- Inference
- loop.run()

maDia  IHETITUTE
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API Key Setup
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DeepStream Pipeline -3 (Part 1)

DeepStream Pipeline T+3 (Part 2)
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Part2 Code Review




Part 2 22F

Reads data from a
file in the local file
system

Decodes video
stream

Does inferencing on
input data

Draws bounding
boxes, text, and
region of interest
polygons

Enforces limitations
on the data format

Writes incoming
data to a file in the
local file system

Parses H.264 stream

Forms a batch of
frames from input
source

Performs video color
format conversion

Performs video color
format conversion

Encodes video data
using codec

3
69 rﬁ%}\.
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Part 2 22F

- Part10{ A RHEHA

- fakesink M| (pipeline.get_by_name('fakesink’))

- nvdsosd: bounding box& text label 12{F= 2=

- nvvideoconvert: video frame format 28 (e.g., RGBA to 1420 (YUV))

- capsfilter: 23 H|O|H =8I 27 (e.g., 1420)

- avenc_mpeg4: MPEG4 codec= O| 8910 1420 formatted frame2 = encode
- filesink: IO|E{ M %
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API Key Setup
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DeepStream Pipeline -3 (Part 1)

DeepStream Pipeline T+ (Part 2)
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DeepStream &S 2|8t &1 AIO|E

- DeepStream github:
(https://github.com/NVIDIA-AI-10T/deepstream_python_apps)
- DeepStream SDK:
(https://developer.nvidia.com/deepstream-sdk)

- GST-python github:
(https://github.com/GStreamer/gst-python)

- DeepStream Plugin Guide:
(https://docs.nvidia.com/metropolis/deepstream/dev-
guide/index.html#plugins-development-guide)

- GStreamer Plugin Guide:
(https://gstreamer.freedesktop.org/documentation/plugins_doc.html?gi-
language=c)



https://github.com/NVIDIA-AI-IOT/deepstream_python_apps
https://developer.nvidia.com/deepstream-sdk
https://github.com/GStreamer/gst-python
https://docs.nvidia.com/metropolis/deepstream/dev-guide/index.html#plugins-development-guide
https://gstreamer.freedesktop.org/documentation/plugins_doc.html?gi-language=c

DeepSt 2= flct 1 AIO|E

- e.g., DeepStream github:

Pullrequests Issuss  Marketplace  Explore Download the Deepstream Python bindings file from here:

https://dev

Untar the file in the following folder: tar xf ds_pybind_0.5.tbz2 -C <DeepStream 4.0.1 ROOT> fsources
T / deepstream_python_apps ' Public ® Watch 57

ttar xf ds_pyhind_0.5.tbz2 -G /hone/nvidia/Down |oads/deepst rean/sources
¢> Code 1% Pullrequests [ Proj ) Security | Insights

#° master - 1 ch 9 tags Go to file Add file ~ About

Package Contents

DeepStream SDK Python bindings and
ity SPIX e BIELag s A The DeepStream Python package includes:
nv-rpaliwal Update to 1.1.3 release |- sample appli

. Python bindings for DeepStream Metadata libraries These bindings are provided as a compiled module, available for x86_64 and Jetson platforms. Find them at:

3rdparty 1 ule is 9 a o R bindings

apps |- x86_s64
|- pyds.so

bindings - jetson
|- pyds.so

docs 2.

. DeepStream test apps in Python Four test apps are available: deepstream-test1/deepstream_test_1.py deepstream-test2/deepstream_test_2.py deepstream-
o ., . test3/deepstream_test_3.py deepstream-test3/deepstream_test_4.py
notebooks : 9m .

Releases ‘9
Run code:

©> DeepStream_Python_Apps._Bind... (L

Note - Make sure the folder path of where pyds.so file is located is in PATH
ipeline.png

Importing necessary libraries

FAQ.md
Packages .
. ) import sys
HOWTO.md h ) sys.path.append( .. /")
. sys.path.append(’ /home/nvidia/Down|oads/deepst rean /sources/python/bindings /x86_64")
LICENSE 1 9

sys.path.append(’ /usr/| ib/python3/dist-packages')

from common. is_aarch B4 inport is_aarchBd
README.md

. import gi
EITENETS 9. reauireversion( Bst ", 1,0')
THI PARTY_LICENS p 0 17m a from gi.repository import GObject, Gst
- . nv-zhliu from conmon. is_aarch_B4 inport is_aarchBd
from conmon.bus_call import bus_call

README.md nv-rpaliwal

. apamachhajed

import pyds

Declaring class label ids
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