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This presentation was produced by guest speaker(s)
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Stakeholder Meeting. The contents of this
presentation do not necessarily reflect the views or
policies of the National Institute of Standards and
Technology or the U.S. Government.

Posted with permission
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By creating an
open-platform for

video analytics




NIST Grant: The ETA Project

The Extensible Toolkit for Analytics (ETA) is our open-source library for video analytics.

Our Technical Goal
® [Establish an extensible video analytics infrastructure that will support next-generation

capabilities in public safety applications.
Our Programmatic Goal

e Catalyze a community of innovation that brings public safety video analytics up-to-date with
cutting edge computer vision research.
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What is Hard About This?

How to leverage the state of the art in computer vision and machine learning?
How to spread these capabilities to broad uses in public safety?

How to integrate with existing and proprietary stacks?

How to scale?

How to incentivize stakeholders?
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Video-First Analytics

Standard Approaches are Frame-Based Voxel51 is Video First
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Video-First Analytics

Standard Approaches are Frame-Based Voxel51 is Video First

PERSON

WERBGEN 3

SN

Standing? Walking? Walking!




Video-First Analytics

Standard Approaches are Frame-Based Voxel51 is Video First

road type: highway
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Extensible Analytics

e Platform-SDK

@)

Enables third-party party
analytic developers to easily
deploy and integrate their
analytics on our platform.

Directly integrates into the
overall ETA infrastructure.

e Available on GitHub

itHub, Inc. [US] | https.//github.com

L voxel51 / platform-sdk

<> Code Issues 0

Explore

Pull requests Issues Marketplace

© Unwatch ~

Pull requests 0 Projects 0 Wiki Security

SDK for the Vioxel51 Vision Services Platform

Manage toplcs

© 194 commits

U 2 branches > 0 releases

Branch: deveiop ~

New pull request

Create new file

& jasoncorso Fixing EXAMPLES to examples (broken link)

I docs

I& eta @ 8821822

| examples

| tests

| voxel51
.gitignore
gitmodules
LICENSE

= QUICKSTART.md

README.md

adding EXAMPLES to doctree
updating ETA hash to grab improvements to VideoStreaminfo

removing unnecessary opency install instruction

updating READMESs to explain where output files are written and how to.

tweaking base URL env var name

adding tests folder to documentation; optimizing for HTML view
adding eta as submodule

initial commit

inting

Fixing EXAMPLES to examples (broken link)

Insights

42 3 contributors

Upload files

8 W Star 2 YFork 1

Settings

Edit

& View license

Find File Clone or download «

Latest commit 42c32ee 10 seconds ago

2 months ago
8 days ago
last month
last montt

2 months ago

2 months ago

4 months ago

4 months ago
last month

11 seconds ago
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Example Third-Party: Privacy-Preserving Analytic

e Handle FOIA requests with automated ease. 7N g
EgoVid

Original Anonymized Faces




it €, Lrossover



https://voxel51.com/senses/vehicle-sense/
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https://voxel51.com/senses/vehicle-sense/
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Video 20ddf373 X

Starts at 00:00:22.8

Duration: 4.1s

vehicle density: heavy
road: urban 7
scene: complex intersection
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Added by: support@voxel51.com Recorded: Unknown
Key: 20ddf373 Uploaded: 2019-01-07720:59:43
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ETA System Design

Video Input .
B g ane v|d_eo i Data-Store
rocessing l 1
Core Video Analytics
Analytics
Spec Analytics
® O Output
—
e
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ETA System 1/O

Video Input
® Users connect data asynchronously to the Voxel51 Platform

Data-Store
e Stores user-uploaded data, internal metadata, models, parameter files, and analytics outputs

e Storage is implemented as a collection of scalable buckets in Google Cloud or AWS

Analytics Output
e Returned in a simple, flexible JSON format
e Users can download analytics asynchronously from the Voxel51 Platform

voxel51.com
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ETA System Analytics

Core Video Processing
e Low-level video operations such as sampling, resizing, optical flow, and segmentation
® Preprocessing step for all input video
® Generates an internal representation of the video that is amenable for subsequent analysis

Core Video Analytics
e Implements core computer vision analytics such as detection, tracking, classification, and
recognition
e Relies heavily on open-source libraries (OpenCV, TensorFlow, Keras, etc.) and publicly available
research implementations of modern vision algorithms

voxel51.com
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APl Design

JSON
Outputs

POST/GET requests

External Client cbe filtpe

Voxel51 Cloud

Voxel51 Vision
Services API

Voxel51 Vision Engine
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Platform
Console

5 Current data 7= Current jobs

13.2 ms 166 frames 5.5 seconds 7 complete

0 Jobs history

°
k)

—'\.____./.\._’_—o\

Jan '18 Feb ‘18 Mar ‘18 Apr ‘18 May '18 Jun ‘18 Jul ‘18 Aug '18 Sep '18 Oct ‘18 Nov ‘18 Dec '18

v
d M

Recent jobs Upload

Uploz

S Recent data

Job ID: 8a61f27d-ed5c-4182-9be1-
3c49e1072ab0

Data ID: e0ff0f9d-6ef5-47fe-99d6-272985eb88c2

Filename: crime7.mp4
Job name: vehicle-tracker-vehicles1

Home

Data Jobs Docs e
0 running 0 failed
ED Current usage
Data storage
0 178
Data uploads
0 10K
Job uploads
Downloads
0 200GB

Video size limit
1GB

Concurrent jobs limit
1K

Ll Analytics

Vehicle tracker

Person tracker

voxel51.com
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Home Data Jobs Analytics Activity Docs @

Platform
Jobs Current Archived Upload Start Archive Update TT1
Console .

OUTPUT STATISTICS
J o b S Job name Job ID GPU Status Output Upload date Expiration date
B o a r d sign-tracker-v3-signs © cc3f01d4-783a-486d-a267-cee99d338bb7 @ ) Mar 19, 2019, 3:25 PM Mar 22, 2019, 3:25 PN
person-tracker-people © B89232296-fc51-4f6b-9716-9be0285fefce Q @ Mar 19, 2019, 2:57 PM Mar 22, 2019, 2:57 PN
video-formatter-signs o c0fch65b-9ada-45d4-aad2-773a160043a2 (] o) Mar 19,2019,2:56 PM  Mar 22, 2019, 2:56 PN
vehicle-tracker-road & 52488667-6561-4aBe-acbS-dd04aba5%ada (V] m (o] Mar 19, 2019, 2:56 PM Mar 22, 2019, 2:56 P\
vehicle-tracker-road & 0bfc13d3-1d5e-4a06-b3af-7268d2caab8a @ ) Mar 18, 2019, 1:36 PM Mar 21, 2019, 1:36 PN

Rows per page: 25~ 1-50f 5

voxel51.com
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Scoop pulls this all together

https:/Ivoxel51.com/demo

® 0O  § voxels//Scoop

mo.voxel51.com
BSCo0P vy verais
Vehicles 15
13.1 min
People o 31 Durat

Activity o

Infrastructure 4

Vehicles 1958
Rosd Signs o

Scene 4

Any Scene

Bike Lane

Bridge

Complex intersection
Fout Way Intersection
Left Turning Lane

Off Ramp

On Ramp

Overpass

Right Turning Lane

Theeo Way Intarsection

Road Type o

Vehicie Density




ﬁscoopby\;’oxeiﬁ1 demo@voxel51.com 2 [E

Faceted Search s :

80 80 96.9K 53.7 min
Type o 38 Videos Clips Frames Total Duration
e Direct access to ontology Make o +
o Search meaningful T o + -
Statistics
o Create complex logical queries
People o© = Vehicles &394 People 431 Infrastructure e21
e Labels schema Activity o +
Sch f db t MAKE 1470 N TYPE 2747 COLOR 2177
O Schema entorce sysiem
y sy . Toyota H 354 Sedan I 1056 Black | 656
le) User_uploadable InfraStrUCture L Honda - 208 Suv - 771 Silver - [‘.21
: Ford B 172 Minivan ] 220 white | 394
) +
o Automatically generated (later) Hoad Signs, © Nissan | 128 Van | 128 Gray [ 280
Gcene’ 0 + Chevrolet | 116 Truck | 119 Red B 121
. . Dodge ] 58 Crossover | 91 Blue J 104
e Backend builds an index of content and g . Chrysler ) 54 Hatehback. | 66 Yelow 98
returns slice of dataset in real-time Jeep ] 52 Bus 68 Gold |43
Vehicle Density 0 + Hyundai ) 47 Pickup 60 Green | 29
o o Volkswagon | 46 Wagon 46 Brown | 24
e Let’s you drill into specific concerns BMW ) 36 Compact 37 Purple 4
Mercedes | 35 Coupe 32 Orange 3
Mazda ) 24 Sport 25 Other 0
Audi | 21 Luxury 16 Pink 0
I avie | o~ P amuartikhla -
voxel51.com
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QSCOOpby Voxel51 demo@voxel5l.com 2 [H

InSights Vehicles o -

80 80 96.9K 53.7 min
Type o £ Videos Clips Frames Total Duration
. . N
Backend index provides faceted- Make o ¥ i
search results ot o +
Statistics
Summarized
People o - Vehicles &394 People a31 Infrastructure 621

O  Occurrence statistics across __
Activity o *
ontology MAKE 1470 TYPE 2747 COLOR 2177

Toyota N 354 Sedan Hl 1056 Black I 656
Honda B 208 Suv | Al siver [ 421

O  Co-occurrence statistics with facet

Infrastructure o

@) Spatial information Road Signs 0 o Ford B 172 Minivan ) 220 white [ 394
Nissan B 128 Van ] 128 Gray | 280
All individual resources can be studied Scene o + Chievioiet = B 116 Tk e fed = 121
Dodge ] 58 Crossover | 91 Blue J 104
independently as well e 5 Chrysler | 54 Hatchback | 69 Yellow [ 98
= Jeep ) 52 Bus | 68 Gold ] 43
Vehicle Density 0 + Hyundai ) 47 Pickup | 60 Green |29
Volkswagon ] 46 Wagon | 46 Brown | 24
BMW ) 36 Compact 37 Purple g4
Mercedes ] 35 Coupe 32 Orange 3
Mazda | 24 Sport 25 Other o
Audi | 21 Luxury 16 Pink 0
Lexus | A4 Convertible =
voxel51.com
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Open-Source

e ETA - Vision Engine Code
e  API-PY - Python API Client Library
e API-JS - Javascript API Client Lib.

e Platform-SDK - Wrap your custom vision
methods to be deployed on the platform at
scale.

e Coming Soon!

o  Player51 - State of the art Javascript
video player

e All at https://github.com/voxel51

LA voxel51/eta: ETA: Extensible 1 %

@& GitHub, Inc. [US] https://github.com/voxel51/eta

Pull requests Issues Marketplace Explore

voxel51 / eta private © Unwatch =

<> Code Issues 18 Pull requests 1 Projects 0 Wikl Insights Settings

ETA: Extensible Toolkit for Analytics

Add topics

©® 601 commits ¥ 3 branches 0 releases

#Star 1 Yrork 0

Edit

AL 3 contributors

Branch: deveiop = New pull request

. brimoor now calling plpetine status caliback manually from nside the Hush( -

W docs Swnioad
™ ota manual d
= examples o
Qitignore
LICENSE
README.md claritying that there are many ways to 'install’ an executable
config-example.json  rem ving mentions of Fila dite types, wiic!

ES README.md

ETA: Extensible Toolkit for Analytics

An open and extensible video analytics infrastructure.

This project is supported by the NIST Public Safety Innovation Accelerator Program.

Create new file  Upioad files  Find file Clone or downioad =

Latest commit c367e4s 2 days ago




shell python javascript

sign-tracker
A tool for tracking road signs in videos.

Inputs
Analytics Documentation
Name Type Description

video-formatter
D O c S vehicle-detector video Video the input video

vehicle-tracker

vehicle-indexer
Parameters
person-detector

person-tracker Name Type Description Required Default

person-indexer fps Number  a frame rate at which to process the video. By default, the frame rate of the input false

sign-tracker jeo is used job_request - JobRequ
Job_reque

Array an optional [width, 1t] to use when processing the video frames. Dimensions false - job_request set_paramete

Parameters o0ad_fob._re
1 which case the input aspect ratio is p ved. By default, the api.upload_job

Inputs

Outputs lution of the input video is used

object-matcher

Outputs tes(job_id

b_i b_output)

Name Type Description Filename

Jns  VideoLabels a JSON file describing the tracked road signs  signs.json

object-matcher

A tool for finding best matches for a query image in an object corpus.

Example (

Inputs
Name Type Description
query Image the input query irv
videos ZippedVideoFileDi y a zipped directory containing the video corpus datal - api upload_data(

dataz - api upload_gata(

objects  ZippedDetectedObjectsSequenceDirectory  a zip file containing directories of JSON files describing detected datay = api.upload_dats(
datad - api upload_data("/p

voxel51.com
410 N 4th Ave, 3rd Floor, Ann Arbor
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Case Study: Mapping Smart Cities

https://voxel51.com



Case Study

Data: GPS Tagged Dashcam Video Goal: Map all road signs in the city
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Case Study Teaser: Baltimore CitiWatch

https://voxel51.com
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Deployment Strategy
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The ETA Library

Video Input

>

Core Video

Processing l 1

Data-Store

Analytics
Spec
® O

Core Video Analytics

Analytics

Output
—

voxel51.com
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ETA Library

* Modular software infrastructure

* Core infrastructure implemented in Python to maximize accessibility to the
vision community

 Modules are generic and can be implemented in arbitrary languages (e.g.
C++) and even hosted remotely in third-party clouds

* Modules are connected to form pipelines that are run to compute the
requested analytics

* Analytics are stored in a simple, flexible JSON format

The ETA System is a dynamically configurable graph whose nodes are modules and
whose edges represent data flowing through the system

voxel51.com

410 N 4th Ave, 3rd Floor, Ann Arbor



Open-Source on GitHub!

@ GitHub, Inc. [US] github.com/voxel51/et

| roquests Issues Marketploce Explore

wnval®1 | @tg srivate @Unwatch= & gStar 1 YFok 0

<> Codo s5u08 18 Pull requests 1 Projects 0 Wik Insight Settin

ETA: Extensible Toolkit for Analytics ot

0 releases 42 3 contributors

Croata naw file  Upload files  Find file m

aly trom rwie the fush Latest comm

ware 0 gdrive.download 18 days 8
B examples emav 2 »
gltignore gnaring generated docs 29 50

hore are y ways to an exacutabie 9 day

waving s of File data typ + r abistras ay

o
order 29 days ag

0 mant

1 README. md

ETA: Extensible Toolkit for Analytics

An open and extensible video analytics infrastructure.

This project is supported by the NIST Public Safety Innovation Accelerator Program




ETA Modules

 ETA modules are simply executables that take JSON files as input and write
their outputs to disk

* Input configuration JSON files specify:
— The locations of the input data on disk to process
— The parameter values to use
— The locations on disk to write the output data

 The ETA library defines a rich type system that all modules use to declare
their 1/0 types

— Allows modules to communicate seamlessly

voxel51.com

410 N 4th Ave, 3rd Floor, Ann Arbor



Module Metadata Files

Each module provides a metadata JSON file

— Enumerates the module’s inputs,
outputs, and parameters

— Defines the type of each field

« Complete description of a module’s operation

* Enables modules to be implemented in any
language

 Generated automatically from source for
modules built on ETA

“type": "eta.core.types.Module
" 4 o

.core rame",
description™: "The output path for the objects JSON file",

voxel51.com

410 N 4th Ave, 3rd Floor, Ann Arbor



An ETA Module Visualized

* Block diagram representation of a simple object detector:

@w_video_path

; y bjects_json_path
simple_object_detector P@

énnotated_frames_path




Developing Modules in ETA
 Powerful yet simple Python framework for
building modules

* Built on popular open-source libraries (OpenCV,

TensorFlow)

* Extensive core video library
— Reading, writing, iterating over video
frames

— Supports all common video codecs

* Robust interface for serializing data to disk

voxel51.com

410 N 4th Ave, 3rd Floor, Ann Arbor



Writing Modules in ETA

ETA Module Definition

import eta.core.module as etam

class ExampleModuleConfig(etam.BaseModuleConfig):
'*'An example config class.'''

def _init_(self, d): Example JSON Config

super(ExampleModuleConfig, self).__init_ (d)

self.data = self.parse_object_array(d, "data", DataConfig) {
self.parameters = self.parse_object(d, “"parameters", ParametersConfig) "data": [
{
"input_path": "/path/to/input.mp4”,
class DataConfig(Config): - . ® »
output_path": ath/to/output.mpd
'''Data configuration settings.''' } put_p /p S0 P P
def _init_ (self, d): 1,
self.input_path = self.parse_string(d, "input_path") "parameters": {}
self.output_path = self.parse_string(d, "output_path") }

class ParametersConfig(Config):
'*'Parameter configuration settings.'''

def __init__ (self, d):

self.parameter = self.parse_number(d, "parameter", default=1.0)




Core Video Analytics: Now

Current Core Video Analytics
* Deep (VGG-16) and standard (SURF, ORB, weighted histogram, etc.) embeddings
 Deep (C3D) and standard (per-frame-voting) video embedding
* Object detection
e Object tracking
e Per-frame and clip-level event detection
e Visual image similarity search
Current Road-Related Analytics
* Vehicle and road sign detection
* Fine-grained vehicle recognition (type, make, model, color)
Current Surveillance-Related Analytics
* Action recognition
* Target reacquisition

voxel51.com
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Core Video Analytics: Soon!

Upcoming Road-Related Analytics
* Improved fine-grained vehicle recognition
— Using object tracking to increase accuracy
— Integrating license plate recognition (LPR)
* Road scene understanding (lanes, markings, intersections)

Upcoming Surveillance-Related Analytics
e Action recognition models trained on a database of criminal activity video
* Assessing building exterior quality from aerial/street images
* Target search via linguistic description

Related Efforts
* Support for streaming video

We are willing and able to train custom models on your data!




Pipeline Metadata Files

{
"info": {

* Pipelines are defined by simple metadata S Bt

“version": "@.1.8",

JSON files “description”: "A pipeline for formatting video files"
}

"inputs": ["video"],
"outputs": ["sampled_frames"],
"modules”: [

{

e Describes the module connections that rname”: “resize_videos",

“tunable_parameters”: ["size", "scale"],
"set_parameters": {}

define the execution graph {

“name”: "sample_videos",
"tunable_parameters®: ["fps"],
"set_parameters": {}

e Sets parameters for the constituent !
mOdUIeS ::s?ur‘ce"; "INPUT.video",

sink": “"resize_videos.input_path"

1

{
"source": "resize_videos.output_path",
"sink": "sample_videos.input_path"

* Exposes tunable parameters to the user ) “

{
"""""""" : "sample_videos.output_path",
“sink": "OUTPUT.sampled_frames"

}

voxel51.com
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An ETA Pipeline Visualized

* Block diagram representation of a simple pipeline:




The Voxel51 Vision Services API

Vision Services API

Our Vision Services API is the bridge to
our state-of-the-art computer vision
engine. With JavaScript and Python
SDK's available, it's easy integrate our
vision engine into your development or
production codebases.




Vision Services API

e Canonical cloud-based interface through which users interact with ETA

e Accessible via standard HTTPS requests

e Also provide client libraries to access the APl programmatically from
Python and JavaScript

* Lives in Google Cloud, with plans to provide a parallel deployment in
Amazon Web Services

* Full documentation at https://voxel51.com/docs/api

The Vision Services APl is currently in private beta. Visit our website at
https://voxel51.com to request an invitation to use our platform!
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Vision Services API Design

JSON
Outputs

POST/GET requests
over https

Voxel51 Cloud

External Client

Voxel51 Vision
Services API

Voxel51 Vision Engine
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Voxel51 Vision Engine

* Scalable cluster of Docker containers, each of which contains a copy of the
ETA Library

* Deployed via Kubernetes, a open-source platform for managing
containerized workloads

* Cluster scales automatically to allocate resources on-demand in response
to user job requests

* Runs jobs asynchronously as resources become available

voxel51.com

410 N 4th Ave, 3rd Floor, Ann Arbor



Typical User Workflow

* Register for our APl and obtain an authentication token (one-time only)

* Upload data to the cloud via the API

* Schedule analytics to be run on your data by issuing job requests via the
API

(Tasks run asynchronously in the Voxel51 Cloud)

* Periodically ping the API to check the status of your jobs
* When tasks finish, issue an APl request to download the outputs, which are
concisely represented in a flexible JSON format

voxel51.com
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Example Applications

Target Reacquisition
e User provides a video corpus (e.g. surveillance camera network) and
example image(s) of an entity of interest
* System queries the corpus and returns best-matches for the entity across
the corpus

Linguistic Description Retrieval
* User provides a video corpus and a natural language description of an entity
of interest
— Ex: “red pickup with a dented front bumper”
e System queries the corpus and returns best-matches
Target reacquisition is currently available on our beta platform!

voxel51.com

410 N 4th Ave, 3rd Floor, Ann Arbor



Target Reacquisition

 Toy example of a target reacquisition query:

Visual Query Video Corpus

p— ~ T




Linguistic Description Query

 Toy example of a linguistic description query:

Linguistic Query Video Corpus

e - 1111

“blue sedan with tape
holding on the front-
bumper”




APl Usage: Data Upload

 Uploading data in Python:

from voxel51.api import API
api = API()

# Upload surveillance corpus
for video in surveillance corpus:

response = api.upload data(video, dataset="surveillance-20180320")
dataset_id = response["dataset_id"]

# Upload query image
response = api.upload data("suspect-vehicle.png")
data_id = response["data_id"]




APl Usage: Job Request

 Example request for a target reacquisition query:

. . {
¢ Query Image and Vldeo CoerS "name": "target-reacquisition",
were previously uploaded to braliatlmads s
the Voxel51 Cloud ey
ata_id": "<data-id>",
}
* Data referenced by IDs in the ”degaizzzzsld{ ST
job request } }
";arameters": {
"top_k": 10
}
}
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APl Usage: Job Request

 Example request for a linguistic retrieval query:

{
"name": "semantic-language-query",
"algorithm": "natural-language-search",
"data": {
"query-string": "blue sedan with tape holding on the front-bumper",
"video-corpus": {
"signed_url": "https://storage.googleapis.com/XXXXXX"
}
}s
"parameters": {
"top_k": 10
}
}

Note that data can be accessed from an external cloud via signed URLs
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APl Usage: Running a Job

Running a job and checking its status:

# Upload job request

response = api.create_job("job.json")
job_id = response["job_id"]

# Start job
api.start_job(job_id)

# Check job status

HTTP/1.1 201 OK

{

"job_id": "<job-id>",

"status™: "COMPLETE",

"start_time": "2018-03-21 08:30:00",
"completion_time": "2018-03-21 08:32:30",
"message": "Job complete"

response = api.get job_status(job_id)




API Usage: Job Output

 Example output for a target reacquisition query:

{
“"top_matches": [
{
"confidence": 0.850,
"video": {
"data_id": "<data-id>",
# Download job output %
api.download_job_output(job_id, "output.json") "frame": 150,
"bounding_box": {
"top_left": {"x": ©0.125, "y": ©.100},
“bottom_right": {"x": 0.250, "y": 0.300}
}
}s
.|
]
}




