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Kitware Open Source Platforms
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VIAM E https://github.com/Kitware/VIAME
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10 hours ago

* Video and Image

= = B examples Update pipeline 19 hours ago
A n alytl CS fo r th e M ar I n e I packages Update kwiver 5 hours ago
I plugins Fix linking 4 days ago
.
E n VI rO n m e nt E) .gitignore Initial commit 8 months ago
gitmodules Update darknet repo a month ago
E) CMakelists.txt Update examples 4 days ago
E) LICENSE.txt Add LICENSE 9 days ago

[

e Goal: Develop an open- e
source software platform %
for NMFS image and ELVIAME

= A VIAME is a computer vision library designed to integrate several image and video processing algorithms together in a
VI e O an a yS I S common distributed processing framework, majorly targeting marine species analytics. It is also useful as a general computer
vision toolkit, as it contains many common algorithms and compiles several other popular repositories together as a part of
its build process. The core infrastructure connecting different system components is currently the KWIVER library, which can

connect C/C++, python, and matlab nodes together in a graph-like pipeline architecture. For more information about
KWIVER's capabilities, please see here. Alongside the pipelined image processing system are a number of standalone utilties

—_— I n C | OS e CO O rd | n at| O n W|th for model training, output detection visualization, and detector/tracker evaluation (ak.a. scoring).
NOAA community
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Lots of Data, Analytics and Users
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Current Image/Video Analytics

Capability

NW SC CamTrawl

ROV video fish

detection and tracking

ROV stereo fish
measurement

WHOI/NEFSC scallop
detector

RPI/Kitware scallop
detector

SRI fish detection,
classification, size

SEFSC stereo proc

Toyon SBIR |

LANL segmentation
and shape analysis

Toyon SBIR I

WHOI/NEFSC habitat
classifier

NWEFSC clustering

well-implemented; quantified, comparative
ﬁmlrgssment; ready for

Primary data source

Cam Trawl

SWFSC ROV video

SWFSC ROV GigE
stereo

HABCAM towed rig

HABCAM towed rig

Pl FSC
MOUSS/BotCam

Drop cams from
SEFSC

Drop cams from
SEFSC

HABCAM towed rig
Still Images AUV,
drop, towed

HABCAM towed rig
AUV and MOUSS

Stereo Stereo Color, scallop
calibrat process contrast  detecti fish

ing Video correction on

W|II|a
Hz grayscale

Cutter no no 30 Hz yes

fish
length,
detection sizing

fish

manual  no
Dvora -- --
Hoogs no no ale) --
Ben/M no,
ike yes 30 Hz grayscale
yes, basic
Thomp backgroun
es d manual  no
Thomp yes, basic
son yes HOG manual

Laksh
no
Clarke no no

Existing implementation as
mature research code; some
Yellow performance quantification

no

yes no

tracki

fish habitat image
classifica anoma classifica segmenta
tion ly det. tion tion

desired desired

yes

no

preliminary research code
with ongoing work against

major problems

yes
(image
yes )
yes
yes
Gray

Yes

yes
partially

idea or concept; no
implementation



VIAME High-Level Components

Calibration Detection P Other

and and
Stabilization Tracking

Classification Analytics

nnnnnnnn

Data Abstraction and Conversion
(not a native DB)

~—
Web based

: Evaluation and
services and tools

Quantification Tools
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Goal: Object Detection

Video Tracks
I <« [I1 » Ml B A D K X

Events Descriptors Regions

Tracks )
Id v * Track Type Probability Start Time End Time
D3 Fish 0.7022 00:00:1... 00:00:...
TP, Fish 0.7733 00:00:0... 00:00:...
TO:4 H Other 0.7053 00:00:1... 00:00:...
izl Fish 0.7815 00:00:0... 00:00:...

4

Hide All  Show All  Show Hidden

Events

4

Hide All  Show All  Show Hidden

Y Kitware

Notes

Id ¥ = EventType Probability Start Tim End Tir

Video Stream Player 2.1.6
Tools Help
= F £

View Display Playback

“ 4
Fast Backward Reverse

5.0 cm/px 00:00:12.520

Tree View

¥ groundtruth.prj
¥ detections.prj

Min Frame

J |Annotation

Tools Help

«1 n I

Previous Frame

Pause

Activities Events Tracks

¥ track-1
« track-2
¥ track-3
¥ track-4
¥ track-5
« track-6

Sort By Id

Show All

% Show Unchecked

Next Frame

» » All Events ¢

Play Fast Forward

Show Full Volume Create Track

Event Filter
Filtering Options
Tracks
Fish 0o Invert
¥ Scallop Invert

Other = Invert

Scene Elements

Descending

Hide All

Show Excluded

4581926 -

00:03:48.500 O activities 0 events 39069 tracks




Goal: Object Detection Viewing and Adjudication

VisGUI View 2.0.0-master

File ¥View Display Playback Tools Help

“« < <1 11 [3 3 » |All Events |4 : i
———— Show Full Volume Playba Create Track Create Event Create Scene Element

FastBackward Reverse Previous Frame | Pause NextFrame Play FastForward Event Filter e | Edit Mode
|Filtering Options
Tracks

|Tree View

v groundtruth.prj
v/ scallop_tk detections.prj e "
v yolo_v2_detections.prj track-0 Fish 2 0.03 p  Invert
track-2
track-3 Scallop == 1 Invert
Sz Other 4 Invert

I Events

lAcﬁviries

‘SortBy Id Descending

Show All Hide All

v'Show Unchecked  ShowExcluded P . MinFrame 3 |8 W 3/3F

00:00:01.000 0 activities 0 events 86 tracks

P
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Goal: Object Tracking

VisGUI View 2.0.0-master
File ¥iew Display Elayback Tools Help

- 2 4 i » g ” Al Events%: Show Full Volume : Create Track Create Event Create Scene Element !Auto
Fast Backward Reverse Previous Frame |Pause NextFrame Play FastForward Event Filter e Edit Mode

‘Tee View B [Filtering Options

| Activities Events | Tracks Scene Elements Tracks -

v track-0 ¥ Fish c Invert
¥ track-1
v track-2
v track-4
v track-3

Scallop Invert

Other B Invert

 Events

[Activities

‘Sort By Id Descending

| Show All Hide All

i i [«
¥ Show Unchecked Show Excluded P Min Frame : = 3/5@

00:00:01.000 O activities 0 events 0 tracks

7]
Y|
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Goal: Fish Measurement

\ P .
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Goal: Image and Video Search

Y Kitware

Positive Examples:

#316091%

#4)6049%

#560.20% #660.14% 76009

FE P

Query

(]

layers View Sertings Help
-

#12]59.46%

Open Project

#13]59.40%

Save Project Add File Show Video Clips | Show Video Outlines Show Tracks AutoZoom on Play
deo Player

oIl A

Query Type

Image Exemplar

Query Options

Restrict to Time

wlioad | w @ Cancel

Filler  Hide All  Show All

Result Info
No result selected
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VIAME System Components

Fletch

Builds common computer
vision dependencies

CMake
«* boost co

+ LIBRARIES Dpencv

PROL 4

Sprokit/KWIVER

Connects up different algorithm nodes in runnable pipelines.
Nodes can be implemented in C++, Python, or Matlab.

I Only single input edge allowed per port
ad

Input port

Input port

Optional input port A

mnﬁ:ure

Algorithm

Pipeli i = Read from input ports.
O parameters
Tunable confguratior

fﬁ‘ﬂ parameters

Write to output ports

IT|

Archlve

O

"'\‘ %Wt Oulp,u_tlpon Dphonaluutputpor! > /'
\/ 1 ')\:,{\\ Multiple outgoing edgesauuwed »
Process "Process | m
e ‘ raw Boxes
@ s D‘M'““ﬁ Front and end caps isolate
ror 5 can Camera API ; .
(B | | Fro0ess | | amemertn . pipeline elements from |
integration requirements.
VIAME-Core

Contains domain-specific algorithms in

o“

and the above.

super-build” comprised of multiple projects
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CMake Build System

Why?

o Cross-platform as long as code supports it

* Underlying pipeline code written primarily in C/C++

« Already used by several popular vision projects (OpenCV, VXL, Caffe)
e Freetouse

o Kitware

Matt Dawkins Update script Latest commit 352bec4 9 hours ago
m CMake Update script 9 hours ago
i doc Update docs 11 hours ago
B examples Add README to provide some explanation of the scoring process. a day ago
i packages Merge branch 'master’ of https://github.com/Kitware/VIAME a day ago
pipelines Fix link 7 days ago
@ plugins Update plugin a day ago
E) .gitignore Initial commit a month ago
B .gitmodules Add kwant to build 6 days ago
B CMakeliststxt Update setup script logic 14 hours ago
E) README.md Update docs 11 hours ago

Fundamentals: https://cmake.org/runningcmake/
V¢ Kitware 14



https://cmake.org/runningcmake/

Git Version Control

Alternatives: Use Nothing, Google Drive, CVS, SVN, Mercurial

Why Git? Like CMake, also used by many other vision toolkits. Slightly
harder to learn than SVN, but more extensible, distributed.

o . o + Add comparison

Fundamentals: https://qit-scm.com/book/en/v2/Getting-Started-Git-Basics

V¢ Kitware 15



https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics
https://git-scm.com/book/en/v2/Getting-Started-Git-Basics

Super-Build Comprised of Multiple Projects

Branch: master» = VIAME / packages /

mattdawkins Merge branch ‘master’ of https://github.com/Kitware/VIAME

s downloads

Iis fletch @ 6eb70d1

I& kwant @ 54073e3

s kwiver @ c7cbl2c

& py-faster-rcnn @ 96dcSf1
& scallop-tk @ 4735f78

fi& vibrant @ ce9c713

s vivia @ 33c06e5

V¢ Kitware

Add dir for data downloads
Update hash

Update kwant submodule
Update kwiver package hash
Add placeholder for faster renn
Update scalloptk hash

Update vibrant

Update vivia hash

Create new file = Upload files = Find file | History

Latest commit a26109e a day ago

8 days ago
2 days ago

a day ago
3 days ago
8 days ago
5 days ago

a day ago

3 days ago

16



KWIVER.org

Kiware | V E
R

An Open Source, production-quality video analytics toolkit

S M Q ToolK VIBRANT:
e Video and Image-Based
Retrieval and Analysis

Motion-imagery Aerial
Photogrammetry Toolkit

. - N

Interactive Query Refinement (IQR) . (

Known Content Type Search 7-00/klt 91 Frames .. m
Search results for event Share Feedback for = | Relational & ‘ e
‘Getting a vehicle unstuck’ Instant Improvement = | graph mode i

.| More like this/ Not like this - X

SBA with / . ) sBA with
osure

frame-to-frame :

lo
tracking onfjomography sequence
==.$' with loop detected

oo e 2| Content

\—Homography-Driven Loap-Closure /

We hope to establish an open-
source community for video
analytics research and

‘mﬁ?Kftware development

17
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KWIVER.org

e Source code repositories maintained at GitHub
» Current toolkits available:

— Motion-imagery Aerial Photogrammetry Toolkit for video stabilization and online
bundle adjustment MAP-TK

— Social Multimedia Query Toolkit for visual context extraction and querying for
social multimedia SMQTK

— Stream Processing Toolkit to facilitate multi-state, pipelined processing of data
streams Sprokit

— Common data structures and abstractions for computer vision and machine
learning systems VITAL

— GPU acceleration of core vision algorithms using OpenCL VisCL

— GUIs and sophisticated visualization tools for content automatically extracted
from video, based on VTK ViVIA

— Detection and tracking of movers in video VIBRANT
— CMake tools to set up complex build environments and dependencies Fletch

V¢ Kitware
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Sprokit — A Framework for Streaming
Data Processing

e What is Sprokit?

— Plugin-based streaming data processing engine on which to build
modular streaming data processing applications
(especially video processing applications).

 What does Sprokit do?

— Chains processing elements into a directed acyclic graph (DAG)
— Executes a constructed pipeline on streaming data (e.g. video)

— Provides dynamic construction/configuration via configuration files
— Supports algorithms written in C++, Matlab, and Python

 Why was Sprokit developed?
— To build complex streaming algorithms from simple components
— To replace an older, much more restrictive, pipeline framework

— Because existing open source frameworks (e.g. Gstreamer, Ecto,
etc.) did not meet all requirements in the list above.

V¢ Kitware



Swappable Front and End Caps

m End caps and front caps isolate pipeline
elements from integration requirements.
Data from a variety of input sources is

Camera API . . .
normalized, analytics are sent to a variety
of destinations. Processing elements

merely consume their inputs and produce
their outputs.

V¢ Kitware "




Individual Processing Nodes

Only single input edge allowed per port

Al

AN AN
] | )
/ Input port Input port Optional input port \
E T : ) Step : Configure
Pipeline construction Read from input ports
Q C parameters Initialize
——————— Algorithm
Tunable configuration Reset
e Oy parameters ) Write to output ports Flush
k Out‘Mlport Outpltieort Optional output port /
\/ e O
\/ Y & Multiple outgoing edges allowed
Process Process
Read Image Draw Boxes
7 Process
[ Reader Algorithm } /P rOCess ) Display Image
Object Detector e N Processes can also
PfOC&’iSé’STC/;ﬂ/? wrap Detector Process contain the
il [ Algorithm ] Write Detections implementation
- /. =
W\ . [ Writer Algorithm }
" Kitware N J




VITAL: Common Data Structures for Edges

Normalize and standardize data structures to facilitate integration across
different algorithms

Isolate system integration issues by providing test fixtures for remote

development

Encourage collaboration by providing a framework for data sharing and

replay

Encourage modular development with pipeline based architecture with
common data structured passed on edges

Process

Read Image

[ Reader Algorithm }

Processes can wrap
algorithms

Images
\ / / /
Process
Object Detector
Detector
Algorithn N

Y Kitware

k —
l
Object Detections

| Process \
Draw Boxes
\#[

/
Process

Write Detections

{ Writer Algorithm }

.

\

Process
Display Image

Processes can also
contain the
implementation

%

22




VITAL: Common Example Types

detected_object.h x track.h x

149
158
c c c 151
Dev viame src packages kwiver vital types 152
153
154
e W S 155
156
detected_object_type.cxx i;;
c 159 o/
detected_object_type.h 160 | class VITAL EXPORT track : public std::enable shared from this<tracks
e 161 =
bounding_box.h x 162 ;{mnu
163 /7 s f the track state vector
. . 164 typedef std ector< track state _sptr const_ J.terator history_ const itr;
essential_matrix.h , 165
166 /// Destructor
167 ~track() = default;
168
) ) 169 /17 Factory f io
feature.h . - "t 178 static track sp‘tr create[ track_data_sptr data = nullptr );
171
) 172
feature_set.h * n b 455
v cre £ 174
feature_track_sek.cxx - v/ 175 : the track i on
- - detected_object.h x template < typename 1 176 track id_t id() const ( return id_
class bounding box 177
feature_track_set.h = o 178 / Ac the track data
public: 179 track data 5ptr data() const { return data_;
fundamental_matrix.cxx  Thie ¢ i , typedef Eigen::Matr ig? ¢ the tr
f// Se = ack cation numbe
182 void set 1d[ tra(k 1d t id ) {id_ =

essential_matrix.cxx
namespace vital {

feature.cxx

.track_spir clone() const;

fundamental_matrix.h + gbrief Create b
o ) * 184 /// Set the tr
geodesy.cxx + @param

/ * @par rric
class VITAL_EXPORT detected object _.Lpalam B 7 / A the
frame - id t first frame[

geodesy.h

éubhc: bounding_box( vectc
vecte

geo_MGRS.cxx typedef std::vector< detected object : m_bbox( upper_1 5 the last frame o
}

typedef descriptor dynamic< double > frame id_t last_frame() const;
typedef std: :shared ptr< descriptor -
geo_MGRS.h typedef std: -shared_ptr< bounding bos

. = @brief C
geo_poinkt.cxx *
* @brief Create W * @param

i - * @param
geo_pointh * @param b * @param
* @param =g
geogolygon.cxx :.-@pal'am ’ bounding_box( vector_ type const& upper_left,
detected object( const bounding box ¢ T const& width, T const& height )
geo_polygon.h double confidence =

detected_object type vector_type lri upper_left );

homography.cxx virtual ~detected_object() = default | - {r_yE) = "géf;ht
m_bbox = Eigen::AlignedBox= T, 2 =>( upper_ left, 1r );
homography.h * ebrief Create a de

* greturn Mz

homography F2F.cxx Ny
detected object sptr clone() const;
homography F2Fh

* @brief Get bol

Name
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

homography_f2w.cxx

homography_f2w.h

78 Kitware C++ but with python (and limited Matlab) bindings




Simple Pipeline Example

process input
:: frame_list_input
:image_list_file input_files.txt
:frame_time .3333
:image_reader:type ocv

process detector
::image_object_detector
‘type scallop_tk_detector
:scallop_tk_detector:config_file config_location

process draw
:: draw_detected_object_boxes
:default_line_thickness 3

process disp
::view_image

:annotate_image true
:pause_time 0O #1.0
title NOAA images

Y Kitware

# global pipeline config

#

config _pipeline:_edge
:capacity 10

# connections
connect from input.image
to detector.image

connect from detector.detected_object_set
to draw.detected object set
connect from input.image
to draw.image

connect from detector.detected_object_set
to archive.detected object_set

connect from input.timestamp
to disp.timestamp
connect from draw.image
to disp.image



Process Definition

( Only single input edge allowed per port

vy
A A (N
/ Input port Input port Optional input port \
(@ ) Step : Configure
Pipeline construction Read from input ports
OO parameters Initialize
——————— Algorithm
Tunable configuration Reset
e 0 parameters | Write to output ports Flush
K Output port Outpltieort Optional output port /
% 5 O
y VRN . .
\/ Z4AV IR Multiple outgoing edges allowed

Two separate ways to define:

 Manual: User specifies all input/output ports and each rectangular block in

the above (step, configure, initialize, etc...)
Automatic: Only need to define single function for existing base class APIs

with process wrappings
— For example, object_detector: image in, detections out

Y Kitware



Algorithm Concepts

« Application uses abstract algorithm type using a
polymorphic model

* Instantiates an implementation based on config
* Implementations are dynamically loadable
 New implementations can be easily added

Abstract
Interface

SWEFSC NWFSC \YEME]e]
Implementation Implementation Implementation

WKitware



Automatic Implementation Method:

Example Base Classes

kwiver/vital/algos/image_object_detection.h

I 1
| b= image object detector.h K3 |

kwiver/sprokit/core/image_object_detector process.h

o= =y
|l image object detecter process.h £J |

4G J;; ————————————————————————————————————————————————————————————————

0 B
1 * @brief Image object tector -base «
52 *
3 L
class VITAL ALGD EXFORT image_ object_detector
5 public algorithm def<image object detector>
56 m{
51 |public:
/// Return the name of this algorithr
9 static std::string static type name() { return "imag: bject det
{
Bl /// Find all objects on provided image
b e
2 * ny sav
"
13 ;- \param image data the image pixels
67 * \returns vector of image objects found
B * f
69 virtual detected cbject set saptr
10 detect( image_container_sptr image data) const = 0;
11
] cted:

79 t} } } // end namespace

il ftendif //VITAL ALGO IMAGE OBJECT

V¢ Kitware

44 * gbrief Im

;s KWIVER PROCESSES NO EXPORT image object detector process
54 : public sprokit::process

ol

61

6 configure () ;
b _step():

&4

[ private:

6E void make ports();

G7 void make_config():

unigque ptr<priv> d:

s object detector process

} // end namespace

11 |#endif /% ARROWS PRC

IMAGE CBJECT DETECTOR PROCESS H +/

::config block sptr o

nst& contig )



Example Algorith

SRI: BenthosDetect

émness definition /

process input |
| frame_list_input
Process process
‘I i Processimage_benthosdetect |
| process disp
: image_viewer

| # Connections
| connect from input.image
to  process.image
connect from process.out_image
| to disp.image

/

Input port

Read frame(t) from input port
| |

Flow Object
Segmentation Proposals

Write frame(t) 1o output port

//#_Cnnﬁg urations

+ Optical flow parameters

+ Object proposal parameters
ROI merge/fusion criteria
DNN inferencing parameters
Modified Non-Maximum
Suppression parameters
Fish type bounding box
coloring scheme

# Initialize

# Reset

# Flush

Oulfm ﬁnn

Y Kitware

Initial image filtering and
size estimation

Kitware: ScallopTK

o
Template App

Canny Edge Filtering

» — .
Adaptive Thresholding

Color Blob Detection

Detect candidate points in image

Consolidate and prioritize
candidate points

] =18 S

Calculate CNN around
select candidate points

Shape

Color

Texture

e feature vector

Calculs
around each candidate point

NOAA/UW: FishRuler

LANL: ScallopFinder

Input Benthic Image

Candidate Scallop Detections

Classify features,
perform high-level logic,
update internal models

28



Example Algorithms (cont.)
Faster R-CNN
Burn-Out o classife

Rol pooling

Region Proposal Network
feature maps

conv layers I

- fl...

- Extraction
mal
/ Approximation
Change Temporal
Detection /\\El'1glllg
Template Admuu.m Feature
Recognition Extraction -
|

Y Kitware



Baseline Tracker — Simple Tracker

ingest_video.pipe ¥

process detection_descriptor
compute_track_descriptors
:inject to detections
:computer:type

relativepath computer:burnout:config file =

process tracker
compute ion matrix
:matrix_generator:type

block matrix_generator:from features:filter

:type

:class_probablity filter:threshold

:class_probablity filter:keep all ¢

:class probablity filter:keep classe
endblock

process track_associator
:: associate detections_to_ tracks
:track _associator:type
rtrack iator:threshold:threshold
:track as

process track initializer
:: initialize object tracks
:track_initializer:type

block track_initializer:threshold:filter
:type
:class_probablity filter:threshold

:class_probablity filter:keep all classes
:class _probablity filter:keep classes
endblock

ociator:threshold:higher is better

true
burnout
detection_descriptors.conf

from_features

class_probablity filter
0.001

false

car;person

threshold
100.0
false

threshold

class_probablity filter
0.001

false

car;person

Pipeline performs differencing on CNN intermediate
features derived from bounding boxes around detections

\'t"! -
 Kitware



Baseline Tracker — Tracking the Untrackable

Implemented in PyTorch, Integrated into VIAME

/)
|_ —————————————— FC-layesr [ QSA
Our learning . (;5—
Framework | core ';b:i ———— ) qu
| " [
| : A ARSASSA
: | Slmm e o Em S
I ‘:lb G'I:'frf I | I:,I 1 ?'_-'_’-—'-" - .____'- ..l‘._{:."-x._ : ; ::I Appea[ance CNN CNN CNN
| | VT T ; feature
| |~ : ey, extractor — t T
| z t | Targets (CNN) & "
| { :::_e_s_ 'E.'_ZE J [ Iv’c:':" ] | atT Detections
M i at T+1 g
I — — J| BB! BB? BRI BB! BB

“Tracking the Untrackable: Learning to track multiple cues with long-term
dependencies” Sadeghian et al. ICCV 2017

Y Kitware .



Algorithm Usage

* Application uses abstract algorithm(s) via pointer to base class, can either be
used in pipeline files or C++ code. Pipelines can also be embedded in C++
code.

o Configuration info specifies algorithm to use

* High level code is unchanged as different algorithm implementations are used

namespace algo = kwiver::vital::algo;
algo::image_io_sptr m_image_reader;
kwiver::vital::config_block_sptr algo_config = get_config(); // config

// validate config parameters

if (! algo::image_io::check nested algo configuration( "image_ reader', algo _config ) )
{ // Handle error

}

// instantiate image reader and converter based on config type

algo::image _io::set _nested algo_configuration( "image_ reader', algo_config, m_image_reader);
if (! m_image reader )

{ // Handle error

}

// Read an image
kwiver::vital::image container_sptr img_c;
img_c = m_image_reader->load( resolved_file name );
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Standalone Utilities: GUIs for Imagery

File View Display Playback Tools Help

< 4 41 1] I > B |All Events #

Show Full Volume p Play Create Track
Fast Backward Reverse Previous Frame | Pause Next Frame Play Fast Forward 3 !

Event Filter

Filtering Options
Tracks

Fish L g00) - Invert

% Scallop = : 0.39 = Invert

Other 00! - Invert

[Ever-ts

[ Activities

Tree View

¥ groundtruth.prj Activities Events Tracks Scene Elements
¥ detections.prj

« track-1

¥ track-2

« track-3

¥ track-4

¥ track-5

¥ track-6

|Sort By Id Descending

Show All | Hide All
¥ Show Unchecked Show Excluded

Min Frame : : 458 | 1926
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GUIs for Displaying Videos and Annotations

VisGUI View 2.0.0-master
File View Display Playback Tools Help

“ » 4 it " L B TE| CreaicEvent CrosteScencElement WS ¢
= oW Fu olume ALk rea rac. rea ven rea cene Llemen —— i
Fast Backward Reverse Previous Frame |Pause NextFrame Play FastForward Event Filter Edit Mode

P MinFrame 2 [ sze' L2/5

Editing track (Ctrl+Drag to resize bounds, right click when done) 00:00:00.500 0 activities 0 events 0O tracks

|
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Evaluation and Scoring

 VIAME includes an extensive scoring capability for
measuring detection, tracking, and classification on images

or video

« Existing annotations can be translated to VIAME-

compatible formats

1.0

o
%)
;

o
o
;

Detection PD
o
s

o
[N

0.0

0 200 400 600 800 1000

\‘f’ Detection FA count
' Kitware

Detection—Pd: 0.791209
Detection—FA: 213

Detection—PFA: 0.515738
Frame—NFAR: not computed

Track—Pd: 0.791209

Track—FA: 213

Computed—track —PFA: 0.515738
Track—NFAR: not computed

Avg track (cont., purity ): 1.34, 1
Avg target (cont., purity ): 1.47, 0.79
Track—frame—precision: 0.5

DEPTH-Hash : “a2123cde”
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Model Training
Old:

training_pipeline.pipe x
# Pipeline for training object detector

# = GLOBAL PROPERTIES =
# global pipeline config
\ #

-i Efinput folder}/FishCLEF15/video2/cadb2ec\#201105051700_0.xml \ config pipeline: edge

-f clef -o S{output folder}/formatted samples \ rcapacity 5

—v S{outpu lder}/validation

v SlouMEput Foldery/validatio \ & INPUT NODE =
-5 clef2_ -e nput foldery/clef exclude.txt \ process tdata

§{common args} training_data_source
- mage_list f image list.txt
:image_reader:type ocv

python format_data_for trainin

\ :groundtruth file detections. kwl8
:groundtruth_reader:type kwl8

{input folder)/FalseEx/fil
-f nabcam -o S{OuMCput Tolder}/formatted samples \

S{output foldery/validation \ # = DATA FORMATTER
${common args} process split
:: split_image
lit_image:type
python format _data for trai v\ p . 9 yp
-i Eiinput folder}/HabCamEx/Groundtruth.txt \ connect from tdata.image

-f habcam -o S{output folder}/formatted samples \ to split.image

foutput foldexrll/validation \ process dm
—-clip-right compute_stereo_depth_map
ompute _map:type ocv_bm

connect from split.left_image
n 1. to  dm.left_image
generate headers.pyv -t YOLOvZ \ connect Irom SpliF'kifF—image
= s} m.right_image

nput_folder} \

-a ${output_folder} \ process merger
-e £{data_type} +i merge_image
- :split image:type
darknet -i £ id} detector train \ connect from tdata.image
Sfoutput Folderl|/YOLOv2.data \ to merger.imagel

config files/YOLOVZ.cfg \ connect from dm.depth_map
- to merger.image2
.. /detector_pipelines/models/model2.weights ? g
# = = TRAINING UTILITY =
process stk_trainer
11 detector trainer
rainer:type scallop_tk_trainer

connect from merger.net_image
to stk _trainer.image
connect from tdata.groundtruth
stk_trainer.groundtruth

7% Kitware pipeline_runner —p training_pipeline.pipe
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A User-Driven Search Work Flow

Search & .
. Refinement (IQR)
Refinement
3 User Query (examples) Search
e.g., A set of images
Results
2
Indexing
1 - 1
Images, . Low-level Feature
Videos, etc. |- Extraction and Encoding
1

+ : good for similarity search

Ve Kitware - : no semantic queries



Demo IQR Interface Example

Butterflies

Upload Positive Examples:
Positive LR
Examples
From Disk

Save |QF state

(re)Search
Data set

Export
Annotations

#6|53.48% #7)53.29%

for Classifier
Constructio
n

Mark |te I l #8|53.09% #9|53.01% #10|52.96% #11|52.87% #12|52.71% #13|5263%

Relevant or
Not Relevant

#14|52.65% #15|52.63% #16 | 5254% #17|52.30% #18(52.04% #1952.00%

#20|51.91% #21|6171%
IV | T
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IQR Example

Start IQR with a
. single positive
\“‘3 / _exemplar
EaANYSE Dataset
contains 832
images with 55-
100 images per

type.

Use CAFFE
AlexNet Layer 7
as an image

descriptor
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Random Selections from Leeds Butterfly Dataset

#1 | NaN% #2 | NaN% #3 | NaN% #4 | NaN% #5 | NaN% #6 | NaN%

#5 | NaN% #6 | NaN% #9 | NaN%

Josiah Wang, Katja Markert, and Mark Everingham

‘1\‘? . Learning Models for Object Recognition from Natural Language Descriptions
Kitware = P g

In Proceedings of the 20th British Machine Vision Conference (BMVC2009)
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Results from Single Exemplar

#2|58.71%

#3]58.51%

#9 | 57.10%

#10|57.01%

#458.36%

#5|57.73%

#11 | 56.98%

#12|56.70%

#6 | 57.69%

#13 | 56.54%

#7 | 57.42%

#857.12%

#14 | 56.46%

#15 | 56.37%

Lycwan phsass male

#16 | 56.36%

R

=1

#17|56.35%

J
~

#18 | 56.18%

#21 | 56.08%

Y Kitware
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One Refinement Based on Adjudications from
Previous Slide

#2100.00% #3100.00% #4 | 100.00% #5100,00% #6100.00% #7100.00% #8199.95%

\ v

#9 | 99.94% #10]99.93% #1199.93% #12199.92%

#1599.90%

A

7

#16 | 99.90% #1799.89% #18 ] 99.89% #19]99.89% #20 | 99.88%
'f ,1,-§ F t Vi ; ‘__- . g ':-— LA et ’..'.

.‘&Y{
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Ongoing and Future Developments

e Improved video handling
* Improved detection and tracking

« Additional stereo processing
— Calibration
— Dense 3D reconstruction

 More integrated analytics
— Anomaly detection and clustering
— Habitat classification

o Large-scale visualization
 Extend deep learning integration
 Database extensions

 Make system easier to use
 Documentation

V¢ Kitware



&% Applications Places System
>
File View Display Playback Tools Help

< 4 1 n
Fast Backward Reverse Previous Frame | Pause

13
Next Frame

>
Play

»
Fast Forward
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VisGUI View 2.0.0-master

|All Events |+

Event Filter

Min Frame

) [Inbox (1) - matt.dawki... El matt@ix:~/Dev/viame/...

|
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Show Full Volume | |

|Auto
Edit Mode

Create Track Create Event Create Scene Element

Filtering Options

Tracks
& Fish _— 064 *
Scallop 0.00

Other ] 0.00

Invert
Invert

Invert

[ Events

[Activitles

00:00:17.000 0 activities 0 events

904 tracks




VIAME Resources

 VIAME is publicly-available, open-source
software
— viametoolkit.orqg/

— Community contributions are highly encouraged, both
framework additions and analytics

« Multiple benthic datasets previews are available
al marineresearchpartners.com/nmfs aiasi/Home.html
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http://viametoolkit.org/
http://marineresearchpartners.com/nmfs_aiasi/Home.html

Thank you NOAA!

Code Repository: https://qgithub.com/Kitware/VIAME

Initial development and testing of VIAME was funded by the NOAA Fisheries Strategic Initiative on Automated
Image Analysis. The findings and conclusions in the paper are those of the authors and do not necessarily
represent the views of the National Marine Fishery Service, NOAA, or the government of the United States. The
use of trade, firm, or corporation names in this publication is for the convenience of the reader and does not
constitute an official endorsement or approval of any product or service to the exclusion of others that may be
suitable.

Y Kitware


https://github.com/Kitware/VIAME

	VIAME: An Open-Source Framework for Underwater Image and Video Analytics
	Kitware Open Source Platforms
	Slide Number 3
	VIAME
	Lots of Data, Analytics and Users
	Current Image/Video Analytics
	VIAME High-Level Components
	Goal: Object Detection
	Goal: Object Detection Viewing and Adjudication
	Goal: Object Tracking
	Goal: Fish Measurement
	Goal: Image and Video Search
	VIAME System Components
	CMake Build System
	Git Version Control
	Super-Build Comprised of Multiple Projects
	KWIVER.org
	KWIVER.org
	Sprokit – A Framework for Streaming Data Processing
	Swappable Front and End Caps
	Individual Processing Nodes
	VITAL: Common Data Structures for Edges
	VITAL: Common Example Types
	Simple Pipeline Example
	Process Definition
	Algorithm Concepts
	Automatic Implementation Method: �Example Base Classes
	Example Algorithms
	Example Algorithms (cont.)
	Baseline Tracker – Simple Tracker
	Baseline Tracker – Tracking the Untrackable
	Algorithm Usage
	Standalone Utilities: GUIs for Imagery
	GUIs for Displaying Videos and Annotations
	Evaluation and Scoring
	Model Training
	Interactive Query Refinement:�A User-Driven Search Work Flow
	Demo IQR Interface Example
	IQR Example
	Random Selections from Leeds Butterfly Dataset
	Results from Single Exemplar
	One Refinement Based on Adjudications from Previous Slide
	Ongoing and Future Developments
	Demo
	VIAME Resources
	��Thank you NOAA!�����Code Repository: https://github.com/Kitware/VIAME������

