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Topics

. Do-It-Yourself Al In practice
. Explainable Al for interactive search
. The XAl Toolkit

Many thanks to NOAA and the DARPA Explainable Al
program for funding this work!
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What i1s Do-lt-Yourself Al?

What is in my data?

 How many objects of type X?

« How many events of type Y?

« How often do X and Y occur together?
* Are there trends | should know about?
« What is common and what is rare?

Analytic results

* Object counts and locations

« Event counts and durations

« Scaling to massive datasets

» Discovery of anomalies and
novelties

* Customized, helpful answers
to specific questions

Can Al answer my guestions?
*  Which Al algorithm?

« Howdo Il useit?

«  Will it work?

« How do | know if it works?

Approved for public release; distribution unlimited. %Kitware
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Do-lt-Yourself Al Is...

An implemented methodology enabling end-users to build customized Al solutions to their
specific problems with no programming or knowledge of how Al works

User inputs, customization and guidance
* Interactive feedback

» Selective labeling
» Algorithm selection

Analytic results

* Object counts and locations

« Event counts and durations

« Scaling to massive datasets

» Discovery of anomalies and
novelties

* Customized, helpful answers
to specific questions

L|brary of Al algorithms
Detection & classification

« Tracking

* Measurement

* Explainability
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NOAA National Marine Fisheries Service Strategic Initiative on

Automated Image Analysis

Mission: Develop guidelines, set priorities, and fund projects to develop
broad-scale, standardized, and efficient automated analysis of still and video
imagery for use in underwater stock assessment. 2014 — 20109.

Funded VIAME
and CoralNet from
2015 to present

CORALNET »

% A WEB SOLUTION FOR CORAL
® REEF ANALYSIS

Upload coral reef images, organize and annotate
images, and view annotation statistics.

Signln  SignUp  whatiscoraiNer

For Scientific
or Technical

- cobmepaL  Achievement

2019 Department of
Commerce Gold Medal
Awarded to NOAA Members
of AIASI for VIAME and
CoralNet

There are currently 71 sources on CoralNet, with a combined total of 31197 images. Out of all the annotations on the site,
1325658 are human annotated, 1565039 are machine annotated, with a total of 2890697 annotations.

http://coralnet.ucsd.edu
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Video and Image Analytics for Marine Environments (VIAME)

A do-it-yourself Al toolkit for virtually all types of imagery or video viametoolkit.org
Designed for users with no programming or machine learning experience

Sponsored by NOAA Fisheries

Released as fully open-source with a permissive license

Specializations to maritime processing such as stereo measurement and image enhancement
In operational use at dozens of NOAA and marine science labs worldwide

Image Registration and
Video Search and

Object Detection Object Tracking Image Enhancement Mosaicing

Rapid Model Generation ——

Approved for public release; distribution unlimited. VKitware



Input Data

New Detector or
Tracker Training

Running Existing via Deep Learning
Detectors and

Trackers
(Traditional or Deep)

Pre-Trained Box
Generators

New Classifier
Training via IQR

New Annotations or

Annotation Correction
User Fixes Boxes, Labels, or Masks

X % Higher-Level Analytics

utomated Detection Quantities, Heatmaps, Occurrence vs Time Plo

- -
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Online Example: viame.kitware.com
Server Manages Data and Annotations
15 Tb open data store (raided), 2 GPUs for training

User Complexity,
Algorithm Customization

User Manages Data and
Annotations

ooz Full Feature Support
More Customization Ability
Useful for Embedded Platforms

Approved for public release; distribution unlimited. WKitware




aseline ject Detectors

Cascade Faster R-CNN [1]

o classifier
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VIAME contains multiple baseline general purpose detectors from the larger computer vision community for
wide applicability, but then specializations and other functionality added specific to domains of interest

[1] Cai, Zhaowei, et al. "Cascade R-CNN: Delving into High Quality Object Detection.” CVPR 2018.

[2] Chen, Kai et al. “MMDetection: Open MMLab Detection Toolbox and Benchmark.” arXiv preprint 2020.

[3] Redmon, Joseph, and Ali Farhadi. "YOLOv3: An Incremental Improvement." arXiv preprint 2018.

4] Bochkovskiy, Alexey et al. "YOLOv4: Optimal Speed and Accuracy of Object Detection." arXiv preprint 2020.
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Object Search and Rapid Detector/Classifier Training
with Interactive Query Refinement (IQR)

Airplane
detector &
classifier
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IQR architecture

................................................

Source data

e

Feature vector
archive

I

1. The archive is created by 2. The feature vector of
converting archive images to the initial query is used

feature vectors

to return the initial result
set

Approved for public release; distribution unlimited.

Feedback round 1
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Feedback round 2

2 3
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3. Feedback is used to train an
SVM classifier on the feature
vectors, used to re-rank the
results so that higher results
are more relevant

W Kitware



Interactive Search and Rapid Model Generation

Generate Image Query Image
Descriptors Archive using

around
Detections »

Create Classifier
using Interactive
» Query Refinement

Image Exemplar

Generate Generic

Object Detections Run Detector and

Classifier on New
INERIES
Storage via T
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VisGUI Query Interface 2.0.0-master
Query Layers View Settings Help
@ € PRefine (@ SaveResults View Best Results Add File Show Video Clips Show Video Outlines Show Tracks AutoZoom on Play

.................................................................. RESUILS i irscarsisisscss R R R R R R R R R R R K RIS KO RSO KIURIKFER Y £ T =15 Player RO GUIE B ottt ittt P
v Id Rar\ * Score * Color Missionld Start *
v 2 0.601095 00:16 »
v 3 3 0.599851 00:02
v 4 4 0.592139 00:06
v 5 5 0.586647 00:03
v b 6 0.583385 00:15
v 7 7 0.580398
v 8 8 0.578843
v 9 9 0.576041
10 10 0.574787
11 11 0.570809
12 12 0.568628
13 13 0.566879
14 14 0.566052
15 15 0.565552
16 16 0.565048
17 17 0.564532
18 18 0.563615
@ 19 19 0.561714

20 20 h 0.561407

Filter Hide Al Show All Show Hidden Items ~ Export ~ i

................................................ Feedback REQUESES “ateiteieiminiiiiitititite,

v Id Rank Preferenc / * Color Missionld StartT* ::
202 202 1.000000 00:03: i
203 203 0.997996 00:29:
204 204 0.995992 00:13:
205 205 0.993988 00:14:
206 206 0.991984 00:25:
207 207 0.989980 00:12:
208 208 0.987976 00:23:

LR I TR NS R N R R R

209 209 0.985972 00:14: (256 ) 00:04:17.000
210 210 0.983968 00:06:
211 211 0.981964 00:23: -eeen Result Info e
212 212 0.979960 00:05: a
213 213 0.977956 00:23:
214 214 0.975952 00:16: R
215 215 0.973948 00:13:
216 216 0.971944 00:20:
217 217 0.969940 00:13:=

. 218 218 0.967936 00:23': =

Hide All  Show All Show Hidden Items ' v

Query completed; 222 results received
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Query Image:

e Social Multimedia Query Toolkit
(SMQTK) is an open-source,
python-based app for interactive

data search and IQR sults
e Aimed at images and videos with a S| H |
I I
web-based GUI Rt m— X 7
e The user starts the session by m
supplying a query image; the i

system selects the initial result set
based on visual similarity

e This example uses an archive of
~50k images from ImageNet and
feature vectors from ResNet

#8]71.04%

N - sl . .«

#970.98%

#12]70.48% #13|70.40%

#14|70.38% #15|70.25%

#17 | 69.89% #1869.87% #19|69.85%

>
/

P 4
.
3

https://github.com/Kitware/SMQOQTK
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https://github.com/Kitware/SMQTK

S ettt BBBBRBWIIID LS o o -
SMQTK GUI: IQR

o Each result has a positive /

negative feedback indicator |
the user may set to indicate if;| ==
that result is relevant to their

guery W ieico e Reset R Sessio
e The first result is the query,
which is automatically set to
“positive” -

« For this example, we will try |

uery Image:

Feedback controls

Refine  Selency On  GT label On oggle Random Results

| #2|79.49% #3]72.27% #4|72.20% #5|71.98%

ol

4
N
')

&
e

to steer the results towards, §& |

N

B

Images with both people
and guitars |
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IQR Round 1: Feedback

o We give positive
feedback to images
with both people and
guitars; negative
feedback to guitars
only

« NoO need to give
feedback to every
Image

e Then click REFINE
button to re-rank
based on feedback

#279.49% #3]72.27% #472.20%

#571.98%

#671.30%

Approved for public release; distribution unlimited.
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I #2 | 100.00% #3|100.00% #4 | 100.00% #5199.00% #6 | 95.06%
IQ oun 1 esuts_—___
v“ i . ) B —~EN )

 All novel images now have
people but not guitars
« Give negative feedback
to new examples
« Give positive feedback
to two examples in next
screen of guitar and io 2 ‘
banjo player
» Click REFINE again

Approved for public release; distribution unlimited. %Kitware




IQR Round 2: Results

. Results now have a solid
selection of people with
guitars (and banjos)

. Note that the classifier
was trained using only

one starting example

and positive / negative
feedback on results

#7|100.00%

#8|100.00%

—

#13|100.00%

#18|100.00%

#9 | 100.00%

’
) e
s ‘

#14|100.00%

#19 | 100.00%

#15|100.00%

#20 | 100.00%

#21]100.00%

W Kitware



Topics

. Do-It-Yourself Al In practice
. Explainable Al for interactive search
. The XAl Toolkit
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DARPA Explainable Al (XAl) Program

TOday * Why did you do that?
=S - HE * Why not something else?
CEaT e o -
PmlNE Y Learning This is a cat * When do you succeed”
=====n Process (p=.93) * When do you fail?
HE~<=s0n . 9
TR T A : When can | trust you~
Training Learned Output User * How do | correct an error?
Data Function

2016-2021
https://www.darpa.mil/program/explainable-artificial-intelligence

Approved for public release; distribution unlimited. WKitwa?g



https://www.darpa.mil/program/explainable-artificial-intelligence

caattGBSBBRBBWWIDD .S " e e oo
DARPA Explainable Al (XAl) Program

TOday % * Why did you do that?

<S> - =S ) « Why not something else?

CEET A Aa AT y 9 ;

Cml i;:i \ 3 Learning e %eSlwil| This is a cat * When do you succeed”

f,%hhmj#e_\ Process o, ‘. ” ;. as| (p=.93) * When do you fail?

AE~as0n moUt  raccen o » When can | trust you?

B e e 2 5
Training Learned Output User * How do | correct an error~

Data Function

TomOI’rOW H * | understand why

ny This is a cat: * | understand why not
New v £F ¢ | tthas fur, whiskers, * | know when you’ll succeed
' A8 T2 80 | and claws. e
Learning =P (b kb | o e + | know when you'll fail
S Ee e Process At FEFE | P A « | know when to trust you
Training Explainable Explanation User  *lknow why you erred
Data Model Interface

2016-2021
https://www.darpa.mil/program/explainable-artificial-intelligence
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Diverse User Types for XAl

Explainable AI system users

Developers End Users/Soldiers Policymakers/Regulators
. Military e
* Legal S
 Transportation =N
« Security e
AI Expert Task SME « Finance Commander Policymaker
Design, develop, and debug Test and evaluate « Medical Regulator
» Explanations expose finer details of the system + Explanations aid decision + Decision patterns are defensible
» Explanations are used to modify/refine the system making/recommendations « Decisions meet policy/regulatory
» Explanations justify actions requirements
?
Does the system work well: Glian and dedsions

If not, why do these errors occur?

00 = Sl

Explainable Al system development-to-use timeline (notional)

M”

—® @ @ & @ T
Conceptual Prototype System System Acceptance Operational After Action Regulatory
System System V&V Testing System Reviews Reviews

Gunning, D.; Stefik, M.; Choi, J.; Miller, T.; Stump, S.; Yang, G.-Z. 2019. XAI—Explainable artificial intelligence.
Science Robotics 18 Dec 2019: Vol. 4, Issue 37, eaay7120, DOI: 10.1126/scirobotics.aay7120.
Approved for Public Release, Distribution Unlimited

DARPA XAl slide 6




Sttt BBRBEWIS "o ot @
Performance vs. Explainability Can Explainability improve

New Learning Techniques (pre-XAl) performance???
Approach

Create a suite of
machine learning
techniques that
produce more
explainable models,
while maintaining a

Bayesian
Belief Nets

v

high level of learning Explainability
performance
A, ., P ) _
E l / e i S17 IR
FEEE FERE 0 =
[Eye Fohe Foofe Folo Sxperiment
Deep Explanation Interpretable Models Model Induction
Modified deep learning Techniques to learn more Techniques to infer an .
techniques to learn structured, interpretable, explainable model from any DARPA XAl slide

Approved for public release; distribution unlimited. 23 WKitware



Saliency Maps as Explanations

Saliency maps are a form of visual XAl, overlaying the input with (typically) a heatmap to spatially indicate
which areas of the input the Al found "important”. Saliency map algorithms, like other forms of XAl, can
be classified as black box (model induction, or no knowledge of the associated Al) or white box (able to
access the internal state of the Al).

White box examples Black box examples

SBSM result showing
where the image on the
right is similar to the
one on the left (Dong
etal.)

marsetlle . france -Irb- cnn -rrb- the

french prosecutor leading an Sa”ency I for an
investigation into the crash of algorithm on automatic
UNK> flight <UNK> insisted text summarization

wednesday that he was not aware of
: (Tuckey et al.)

any video footage from on board the

RISE result for
importance of "Sheep"
(Petsiuk et al.)

Grad-CAM result for
"Dog" (Selvaraju et al.)

Approved for public release; distribution unlimited. WKitware


https://arxiv.org/abs/1907.05664
https://arxiv.org/abs/1610.02391
https://arxiv.org/abs/1806.07421
https://openaccess.thecvf.com/content_CVPRW_2019/html/Explainable_AI/Dong_Explainability_for_Content-Based_Image_Retrieval_CVPRW_2019_paper.html

Image Retrieval 1: Archive of Images (computed offline)

FAISS indexing

Ty

Feature Extractor
HXWXC

(prepared offline)

Approved for public release; distribution unlimited. 25 WKitware




Image Retrieval 2. Query Image

Task: “Search for cats”

Query via image

. / , FAISS indexing
f ) ULIDT  Query embedding vacto
— —p | U0  frchive Image & embedding wectar

Feature Extractor sy
HXWXC

(prepared offline)

Approved for public release; distribution unlimited. 26 WKitware




Image Retrieval 3. Feature-based Retrieval

Retrieved List

| #2
Task: “Search for cats” 0@\9 : Y o hvm 8
= | #5 |

\_ Query viaimage /

FAISS indexing
Uit Query embedding vactor
i t

; LUIDE  Archive Image | embedding wector
.
.
r :
! ¥ 30 1
.
.
.

Feature Extractor STy
HXWXC

(prepared offline)

Approved for public release; distribution unlimited. WKitware




Image Retrieval 4. Feedback...

Retrieved List

Relevance Index of
refined retrievals
Task: “Search for cats” SO x

............ I —

" Binary Classifier

FAISS indexing

ey T ——
HXWXC Ajudicated List N\
 om—_—_——————— ~
: X .
; B 2 1
Image archive ! R ; o
(prepared ofﬂine) I “Positive Negatlve

‘ feedback” feedback” ]

Approved for public release; distribution unlimited. WKitware



cx e xw s s s S XXX F IS IS e
277

elevance Index of
refined retrievals

Image Retrieval 5: ...But why that image?

Retrieved List

Task: “Search for cats”

\_ Query viaimage /

FAISS indexing

ULID1  Query embedding vactor

e B
HXWXC Ajudicated List

Image archive
(prepared offline)

“Positive  “Negative
| feedback” feedback™ |

Approved for public release; distribution unlimited. WKitware



Image Retrieval 6: XAl to guide feedback

Retrieved List

Relevance Index of
refined retrievals

Task: “Search for cats” R
S
P\
@
O

FAISS indexing

ULID1  Query embedding vactor

ge 1 embedding vector

HXWXC
L el A
& !
: I x 1
Image archive : “Positive  “Negative !
repared offline v !
(prep ine) | feedback” feedback” ,

Approved for public release; distribution unlimited. %Kitware



Similarity-Based Saliency Maps (SBSM)

= Pros:
vl el + Black-box algorithm
So| S |s + _Operates_dlrectly on
Image pairs
| ‘7:710 weighted sum & average + Reasonably fast

@ Cons:
- As implemented,
C only considers the
feature vectors,
rather than any
higher-order model

ﬁ"‘ '
e
Ewé ResultM

<|

mi

Dong et al., ‘19 (CVPR-W)

Approved for public release; distribution unlimited. 31 VKitware


https://openaccess.thecvf.com/content_CVPRW_2019/html/Explainable_AI/Dong_Explainability_for_Content-Based_Image_Retrieval_CVPRW_2019_paper.html

Pilot and Full Studies

Our utility-based evaluation focused on demonstrating that XAl could be
Integrated into an existing system and evaluating its performance relative
to the baseline.

Pilot Full

Goal: FInd 12 instances of an . iy i
) uer 00l classes
object class Query p
Archive: ~246,000 MS-COCO Query pool images 10 160
images Subjects 104 476
Users: Amazon Mechanical .
Algorithm F-Sal SBSM

Turk subjects

F-Sal: measures response of result against retrieval SVM
SBSM: measures response of result against query

Approved for public release; distribution unlimited. 32 VKitware




Instructions: Find images that contain a wine glass (Session 1 out of 1)

e Sort through the query results below to find 12 images that contain a wine glass.

* You do not need to sort through every image.

The first good example has already been given to you.

Mark good examples by clicking

Mark bad examples by clicking

In saliency maps, areas that match the query are red, and areas that do not match are blue.

e If you run out of samples to mark, use refine to get an updated list.

e i After you find 12 matches, you will answer a short survey.
This is a 'good' example image

You will do this 1 times for 1 different starting query images.

READ FULL INSTRUCTIONS

Query Resuts

VAL i T

Approved for public release; distribution unlimited. 33 WKitware



Full Study Results: Quantitative

Each bubble is a query class;

: . _ N size is relative area of object in
Relative XAl gain vs. avg image class diversity

Bubble diameter: class image size image.

R
5 <Hnm1mﬂtm-'l XAl hmﬂtt"-151> X-axis: ratio of count of retrieved
% , @ harder images containing class with XAl
£ P - vs. without ( >1 — XAl benefit)
2 o i @
% 6 " %k median of class diversity Y-axis: avg. number of classes
S o per image in archive
E 5 T @@' Across 476 subjects, with-XAl
o g found 2.7% more true positives
S . (8356 vs. 8134).
£ ea3|ert o 0 0 o o o In difficult cases, when the

o - — - - h N object is small and the scene is

Ratio of scores with-XAl to without-XAl complex, 6.5% more.

Approved for public release; distribution unlimited. 34 VKitware




XAl saliency measures
Precision, All classes

04
0.3
+ Al + LME + Human 0.2 XAI
| degrades
'5 0.1 g
: overall
] ~_ 0.0
< \\ Al IQRO Al IQRN, no Al IQRN, with I
2 g ORI RN Precision
© ™ s
o s S~
a “Precision;-Harder classes
0.4 :
SA
0.3 XAl
: 0.2 Improves
False Alarm Rate . .
0.1 Precision on
0.0 i1ffi
Al IQRO Al IQRN, no Al IQRN, with more dIﬂ:ICUIt
XAl XAl
nroblems
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Full Study Results: Qualitative

Questions were on a 6-point Likert scale, 1="strongly disagree”, 6="strongly agree”; some observations:
« XAl helps give feedback. 60% agreed at some level that "Overall, | feel saliency maps helped me give better feedback.”

« XAl helps understanding. 83% agreed at some level, with 56% agreeing or strongly agreeing, that "Saliency map helped
me understand how the system "thinks”.

« XAl improves ease-of-use. 62% agreed at some level, with 38% agreeing or strongly agreeing, that "Saliency maps
made the system easier to use.”

* No clear signal on preference for saliency maps. 58% agreed at some level that they would "prefer to do [the task] with
saliency maps rather than without”; however, 60% also agreed at some level with the opposite question that they would

"prefer to do [the task] without saliency maps rather than with.”

* Responder confidence. 95% agreed or strongly agreed that they understood the questions.

Approved for public release; distribution unlimited. 36 WKitware




XAl IQR for User Study on xView

= XAl

e 1SHan iy, Results tor current iteration g Current Adjudications W@
30:24

PAUSE TIMER
Current Probe: 25 of 25
FINISH CURRENT PROBE

Number of positive adjudications: 3
Number of negative adjudications: 6
Total number of adjudications: 12

Label: positive Label: positive

Target:
Small Aircraft

Goal: Using the Query image chip above to mark the
image chips in the “Resuits” list as being the same
type of object or nol the same lype based on
appearance and the evidence provided by the
sallency map, as discussed in the instructions slide
deck. Then, iterate as needed until all objects of this
type are found/marked in the dataset

When done adjudicating this query image, click the
“Finish Current Probe” button above the query
image to fill out a short questionnaire and move on
to the next query image

Label: negative

REFINE

Unclassified Approved for public release; distribution unlimited. Y kitware




XAl Summary i
4 A Cargo plane - FSal 1

Saliency explanations can improve human-in-the-loop __/ / 25 % -
image retrieval when the problem is harder |

o Small objects, cluttered scenes

o Highlights cases where the Al was right for the wrong

reasons (e.g. matching the background) |

XAl helps users feel more confident in using the system
Critical to identify the need for explanations within a given
application

o [Easier cases may not need explanations
Working with the JAIC and others to transition saliency for

Al T&E and V&V
o Aids in comparison of multiple black-box Al algorithms

Saliency addresses Traceability and Reliability

Approved for public release; distribution unlimited.
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. Do-It-Yourself Al In practice
. Explainable Al for interactive search
. The XAl Toolkit
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XAIl-Toolkit Overview

@ectives: \

1. Create a single location for all
XAl contributions

2. Create ontology from
contributions

3. Create common software
frameworks where possible

4. Easy to follow guide for what
to use for a task

5. Make the XAI-TK publicly
Kavailable and help transitW

https://xaitk.org

Reports/

Data Guidance

Sources

Software,
Models, APIs

Analytics

Publications
(All)

Capability

Demos

Supported by DARPA XAl program
& xaitk G

V Kitware

Approved for public release; distribution unlimited.


https://xaitk.org

XAl-Toolkit Components Performer Team
IHMC ' University of
California Berkeley
Reports/ SRl SRI International

Data Software, Guidance

Sources models, APIs

CRA  Charles River Analytics

osU ' QOregon State University

AnalytiCS e | Institute for Human &

BBN ‘ SRI

Machine Cognition

University of California
Los Angeles

University of Texas at
Dallas

@ uTD CcMU

CRA osu RU

PARC a Xerox Company

uTD

Carnegie Mellon
University

CMU

Publications

Capability (All

Demos RU- Rutgers University

(most) BBN  BBN/Raytheon

Approved for public release; distribution unlimited. ’ WKitware



XAl Performer Saliency Explanations

Object Detection
(Bounding Box Feedback)

Image Classification
Fault-Line Detection

B yng, fml, old, ml,
S| not smlg | not smlg
O D
Image Classification
(Trinary Feedback) S yng, ml, old, ml,
¥ = smlg smlg
©
s)
: ]
-

Image Classification
(NLP Fine-Grained)

‘ Image Classification
(Paintbrush Feedback)

___Input Image Initial Saliencv__ Corrected Salienc

This is a Western Grebe
because it has a long white
neck, pointy yellow beak
and red eye.

Approved for public release; distribution unlimited.

University of
California Berkeley

Performer Team
Image Classification

Distilling CNNs

0 CRA  Charles River Analytics
5
10
15 OSU=Y Oregon State University
.

7 University of California
* Los Angeles

0 10 X0 k1]

owu  Carnegie Mellon
University

CRA

o

Image Classification
IGOS++ Saliency Maps

iGOS++

Image Classification
Visualize Learned Classes

) ’

N
|

= [
600 - -\

CMU osU

Tiger Beetle

0 100 200 300 400 500 600

V Kitware




Autonomy: Performer Approaches

UCLA Human Demonstration

Explainable Robot Behavior

Learning & Action Planning Performance & Explainability

(A Collect human
manipulation data

| ([Deaq] T

B Learning symbolic representation (E How well does model perform? A

o
=) B EOED

C Learning haptic representation

F How well does model explain?

I Robot Explanation:
The key actions are pushing the cap three times and twisting the
cap three times

D Action planning usmg GEP

JO--

\04

Action sequence

Approach > Grasp > Push > Twist > Ungrasp > Move > Grasp
> Push > Twist > Ungrasp > Move > Grasp > Push > Pull

Action choices:
1. Approach 5. Ungroup
2.Pull 6. Twist

3. Push 7. Move
k’\‘ 053 4.Grasp 8. Pinch

\_ 7 oo VSO g2 TP \

Explainable Self-

OoSsu

Model-Free Reinforcement Learning
(Lunar Landing- Engine Burn: Discrete Action Domains)
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Driving Controller

time

Advisable Self-Driving Controller
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%% | Vehicle controller
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Vehicle
Controller’s
Attention map

‘ control outputs
-

Example of textual descriptions + explanations:
Ours: “The car is driving forward + because there are no other cars in its lane”
Human annotator: “The car heads down the street + because the street is clear.”

!
| Explanation generator }—» .

attention ahgnment 3  (Textual descnpnons+explanations)

\\

J \u

Human: The car is steadily driving + now that the cars are moving

J

Y
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Action
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<— Condition

Image Classification
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After Action Review for Al

o« AARTfAI: a structured series of steps to help ' Gane Repiay \EiTace

users assess Al agents and formalize their B =t
understanding about these agents =
@ =
. . S
o« Focuses on model-based explanations, i.e. *@4’ i
. . . > .;mr;,hww
uses an explanation search tree at decision N T
points to reveal patterns in Al's reasoning -
v @\ = : O\“

o Designed to be a model debugging tool for Al
agents at multiple levels, highlighted by two

example use cases: ) | e i
o  Finding bad decision points that cause loss of a =
game Demo
o  Finding reasoning bugs using game-wide Video

summaries of information
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https://drive.google.com/file/d/1h1F-in-t3T9HCI0akPrVDNXqEdRRvHEf/view

Current Status

e 1.5-year project, 3/31/2021 - 9/30/2022

o Website at https://xaitk.org

e Xaltk-saliency package (https://github.com/xaitk/xaitk-saliency)
o Set of black-box, occlusion-based saliency methods

e Manuscript on XAITK in Applied Al Letters
o https://onlinelibrary.wiley.com/doi/10.1002/ail2.40

& xaitk
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https://xaitk.org/
https://github.com/xaitk/xaitk-saliency
https://onlinelibrary.wiley.com/doi/10.1002/ail2.40

XAITK Website

<,

https://xaitk.org & xaitk

‘ Xa]tk Getting Started Capabilities Contribute Publications About Contact Us Q

XAITK

An open-source, explainable Al toolkit built for analytics and
autonomy applications.

Latest release v0.4.0

X Install now

The Explainable Al Toolkit (XAITK) contains a variety of tools and resources to help users, developers, and researchers
understand complex machine learning models. The toolkit combines a searchable repository of independent contributions and
a more integrated, common software framework. The toolkit was developed under the Defense Advanced Research Projects
Agency (DARPA) Explainable Artificial Intelligence (XAl) program.

A8

Analytics Autonomy Open-source

Algorithms that process multimedia data and Algorithms that process sequential data and Free to use with the associated licenses
make predictions including image learn decision policies including reinforcement provided by contributors.

classification learning.

Learn more Learn more

Version: 2.0
Size: 987MB

Tags

aft Bencnmark

Author(s)

Jeffrey E. Miller’

Joshua S. Fashing'

David Bau®

Alex Montes de oca’

Kerry Moffitt!

William Ferguson?
Organization(s)

1. Raytheon BBN Technologies

2.MIT
Point of Contact

Alex Montes de oca

License

Explainable Question Answering System (EQUAS) demo
system

Overview

EQUAS demo on the one shot detector context using human editable explanations (saliency
heat-maps emphasizing or deemphasizing image features).

Intended Use

This contribution is a software application to demo XAl capabilities, specifically the creation and
manipulation of ML explanations in the context of a one shot detector. The intended use of this
contribution is to be deployed as a demo or for reuse of its constituent interface and backend
parts to support the development of other systems.

This contribution’s domain is Al explanation presentation and manipulation in the context of a
one shot detector/classifier system

Model/Data

AVGG16 pre-trained model was used and trained with an aircraft image data set (see Data)
with 10 held out classes used to create/test one shot detectors based on a single class image.
Inputs are (224,224) RGB images with the aircraft class as the output

Limitations

The system allows for the creation of one shot detectors by creating and manipulating “aspects”,
where aspects are saliency maps on the target image. There is a limit to how many aspects can
be created which is enforced by the application due to possible memory constraints when
evaluating the one shot detector.

Additional external classifier files are needed to run this application on aircraft data (see
Software). These files were uploaded here (due to large file size) and need to be added to the
\evaluation dataset folder before starting the application

References

Example Contribution
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https://xaitk.org/

xaltk-saliency package

Class #2 Pos Saliency

Class #1 Pos Saliency
5 10
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Lo Loa

« Support for image classification, object
detection, and image retrieval
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« Modular design and easily extendable to
support new algorithms

= -1.0 =--1.0

rr 1000
F0.975

. Compatible with Pytorch and other deep
learning/machine learning frameworks
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F0.925
0.900

-0.875

Object Detection

https://github.com/XAITK/xaitk-saliency
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Saliency Maps for Al Model Debugging
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Detector Data Poisoning
https://arxiv.org/pdf/2006.03204. pdf

COVID-19 X-ray sample Grad-Cam iGOS++ Predicted as COVID-19

COVID-19 classification
https://arxiv.orq/pdf/2012.15783.pdf
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Spurious background correlation, https //arX|v org/pdf/2011.05429.pdf
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Software framework

XAITK Extensions

Analytics API Autonomy API

Text
Explanation

SMOTK-*
Ecosystem

Test and
Evaluation
Protocol

Web

Video
Activities

roviders
p Corel

-
Detection
Actions

Could be used in... <

Microservice

Custom
Applications

C] = Python Package
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Levels of XAl-Toolkit Integration & xaitk

XAl as Part of System

XAI Interacts XAl as Post-Hoc
< Data >
- &

Al/ML Systems .

Model Design,
Training, Operation

XAl Combination

XAl as Pre-Processing < Data > Black Box .
. Al/ML Systems XAl
< Data >

Al/ML Systems . 1 7y

v XAl on Data Pre- XAl Interacts
XAl on Data

Pre-Processin
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Conclusions

. Open-source DIYAI toolkit, VIAME, enables end-users to
create cutting-edge Al analytics with no programming or ML

experience
nitially for maritime but now applied to many domains

. Explainable Al can improve user performance for difficult
problems in interactive domains

. XAITK Is an open-source toolkit for explainable Al and
visual saliency maps
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