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What is Action Recognition?

* The process of identifying actions that occur in video
Sequences. samiBenzaid, 2009

UNI
FREIBURG

http://www.nada.kth.se/cvap/actions/
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Why Action Recognition?

* Many applications in Movie production, Entertainment,
Education, Surveillance footage, etc.
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Movie production: Avatar Home Entertainment

Q‘ Workout > 8 min Abs
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Online education: ABS Workout Surveillance: Woman Throws Cat Into Trash
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+ Computer Vision has a great potential to help daily lives

. Searching for lost keys % n ﬂ
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« Watering flowers
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Source: shutterstock

+To build up such Computer Vision models:
* Require a large-scale training dataset

* Represent activities of human boring daily lives
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source: The Charades Dataset
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How to find these boring videos?

~ source: YouTube



Previous Approaches

+Video Datasets Collection:
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* Downloaded from the Internet

« Gathered from movies

* Recorded in controlled environments
+Cons: Lack of diversity and generality

+ A novel approach is proposed!
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Novel Approach

+Hollywood in Homes
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 Hollywood filming process

e Amazon Mechanical Turk (AMT)
+ Three steps:

 Generating Scripts

 Generating Videos

e Annotations
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Three Steps Overview

+ Three steps:
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 Generating Scripts
 Generating Videos

e Annotations

~  SampledWords [ Scripts V[ ReordedVideos |/  Annotations
"A person is washing their | .::dpel'”" 5":"‘:5:’" "‘;:“he“
Kitchen refrigerator. Then, opening it, :o ptft:rr:c;nesr:wg:;; fmt: :‘t.:s'
the person begins putting Qponng a refrigerator
vacuum 1 Jaughing away their groceries.” Eabiag Sracyvies someshere
doorknob drinldng Cloaing g refrigerator
chair putting "A person opens a refrigerator,
refrigerator hi and begins drinking out of a "person drinks milk from a fridge,
pillow || closing jug of milk before closing it." | | they then walk out of the room.
RRcuisL L/ riprater
Roialissfgr cvpibortie
g o v )
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Step 1: Generating Scripts

Sampled Words

Kitchen

" vacuum )

doorknob
chair
refrigerator
_ pillow

J/

/laughing A
drinking
putting
washing

© Saips
"A person is(washing)their
(refrigerator,) Then, opening it,

the person begins putting
away their groceries."

"A person opens a(refrigerator,)
and begins(drinking)out of a

_ closing

jug of milk before closing it."

m

+ Scripts seeds: 40 objects, 30 actions in 15 indoor scenes

Yufeng Xiong
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Step 2: Generating Videos
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Scripts
"A person is washing their
refrigerator. Then, opening it,
the person begins putting
away their groceries."

"A person opens a refrigerator,
and begins drinking out of a
jug of milk before closing it."

+Each video will be around 30 seconds long.
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Step 3: Annotations

“REIBURG

UNI

: Annotations ‘
"A person stands in the kitchen
and cleans the fridge. Then start
to put groceries away from a bag"
Opening a refrigerator

Putting groceries somewhere
Closing g refrigerator

"person drinks milk from a fridge,
they then walk out of the room."

Quening g refrigerator

+Description in contrast to the previous script.

+ The most frequent ones grouped into 157 action classes.
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Charades Dataset
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Supplementary Video for
Hollywood in Homes: Crowdsourcing Data
Collection for Activity Understanding
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4 Threefold Advantages

2 + Crowdsourcing brings in diversity
e Essential for generalization
+ Enhances the coverage and reduces the bias
+ Control the composition and length of video scenes

e Vocabulary of scenes, objects and actions
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The Charades Dataset

+Using Hollywood in Homes approach
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+Focus on common household activities

+An American word guessing game

+|ngredients:

* 40 objects, 30 actions

* 15 indoor scenes
* 30.1 second long on average source: fluentu.com
* 9848 videos: 7985 training and 1863 test
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Sitting in a chair

Holding a phone/famera
Holding a dish

Playing with a phone
Someone is laughing
Putting some food
Holding a blanket
Someone is undressing
Holding a broom
Holding a box

Taking a

Holding a laptop
Holding some medicine
Holding a shoe/Shoes
Putting a blanket
Holding a vacuum
Putting a box somewhere
Putting shoes somewhere
Snuggling with a pillow
Lying on the floor
Tidying up a blanket/s
Throwing a pillow
Closing a box

Taking a laptop from
Washing some clothes
Washing a cup/glass
Fixing a door

Washing a window
Throwing a broom

0 1000
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Count

eat
begin
leave
sneeze
grasp
throw
watch
close
look

snuggle
cu
coo
get
dress
awaken

Statistics of Dataset

Actions

Count

Nouns

door
phone
bag

table

lass

ook

box
towel
laptop
shoe
coffe
chair
clothes
blanket
sandwich
food
pillow
shelf
picture
doorway
window
broom
mirror
light
desk
cabinet
floor
water
camera
dish
closet
television
bed

cup

sofa
vacuum
sink
doorknob
refrigerator

0 1000
Count

Scenes

Living room
Bedroom
Kitchen
Bathroom
Home Office
Entryway
Dining room
Hallway

Stairs
Laundry room
Walk-in Closet
Recreation room
Pantry
Garage
Basement

Other

-

Count
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Co-occurrence
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Co-occurring pairs

Close fridge /Open fridge
Hold broom /Tidy with broom
Eat sandwich /Eating
Hold picture /Look at picture
Close closet /Open a closet
Hold phone /Take picture
Tidy w broom /Tidy on floor
Hold box /Put box
Hold broom /Put broom
Hold book /Read book
Hold broom /Take broom
Hold pillow / Take pillow
Hold box /Take box
Hold clothes /Take clothes
Hold shoes /Put shoes
Hold shoes /Take shoes
Hold pillow /Put pillow
Hold phone /Play with phone
Hold picture /Put picture
Close box /Open box

.5 -4 -3 -2
NPMI

Bedroom

bed

lying

awakening

-

watching
lv]v\'i\ln“

light

closingltecreation Room
door leaving Basement

ittin
clhalr & ff
table p;:l)ru;g‘
Dining Room

camera

. . . bag
picture Opening boo Kpg  windowplavi 5
inge oo ' ying OTOOTIO
taking . tidiylingm Elrllérywéy ;?hunv groceries
cabine doorway. . shing
s,h(t'lj box ho]ding‘;tandu-)g’ laughing
putting . smiling * o
Pantrgt;argéglrsﬁnmmg Llwr?g Room
. SOla
o] 8 lin
Bathroom “\.cuun ﬂlr‘;;‘,i‘nL pillow
dishes fixing ~r1l:n,(mngl'lall y blanket
A Tok shoes wa
washing
Laundry Roo od

undrc&;inﬁ .
drcssing clothes doorknob
wardrobe grasping

Walk-in Closet

Kitchen cooking

stove
refr 1geraton

+ NPMI: Normalized Pointwise Mutual Information

+ T-SNE (T-Distributed Stochastic Neighbor Embedding)
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Actions Occurring

Holdingalaptop | Closingalaplop © Putdownlaptop  Takingadish Taking adish

w

+ Multiple actions
occurring

+Some are in

common

Walk in doorway
R e s A R e TR T T——— -—e
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Selected Actions (1)
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Reading a book 13% . ' Smiling 12%
Smiling 9% \ _4 / Laughing 5%
Holding a book 9% s \ 4Closmg a book 9%
Taking a book 7% 7 Put book somewhere 6%
Laughing 5% Smiling at a book Reading a book 5%
(Play with camera 38% Put camera 9%)
Hold camera 26% S Smiling 7% |
Take camera 17% s —— Playing with camera 5%
Walk in doorway 6% 7" Take camera 4%
Sit in chair 5% Hold camera 3%

Taking a picture
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Selected Actions (lI)
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Holding a blanket 8% Standing up 7%
Taking a blanket 7%\ / Put blanket 4%
Sitting down 5% s ——Throw blanket 4%
Sitting in a chair 3% §A Awakening 3%
Walk in doorway 3% Snuggling with a blanket Smiling 3%
H
( Walk in doorway 22% Look out window 16%)
Look out window 16% \ | Close window 5%
Standing up 13% >‘> 4 Drink from cup 3%
Smiling 10%7 %Holding cup 3%
Running 9% Sneezing 3%

Opening a window
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4 Datasets Comparison

2]

&

- Actions Classos Labelled Total Origin Tyvoe Temporal

per video " instances videos &l YPe localization

Charades v1.0 3.9 160 38K 10K 267 Homes Daily Activities Yes
ActivityNet (3] 1.4 203 39K 28K  YouTube Human Activities Yes
UCF101 (8] 1 101 13K 13K YouTube Sports No
HMDBS51 (7] 1 51 7K 7K YouTube/Movies Movies No
THUMOS'15 [5] 1-2 101 21K+ 24K YouTube Sports No
Sports 1M (6] 1 487 1.1M 1.IM YouTube Sports No
MPII-Cooking [14] 46 78 13K 273 30 In-house actors Cooking Yes
ADL [24] 22 32 436 20 20 Volunteers Ego-centric Yes
MPII-MD [11] Captions Captions 68K 94 Movies Movies No

+Human Activities: ActivityNet

+ Sports: UCF101, Sports1M, HMDBS51, THUMOS 2015
+Movies: MSVD, M-VAD, MPII-MD

+ Ego-centric: ADL

+Limitations in diversity, generalizability or scalability
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Basic Ideas

+ Run state-of-the-art algorithms on Charades
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+ Split into train and test set
+ Constraints about the train/test set:
* Do not use the same worker
 Similar categories distribution
At least 6 test videos and 25 training videos

* Test set not be dominated by a single worker
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Application 1: Action Classification

+ ldentify whether a video contains one or several actions
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out of 157 action classes.
+ Performance evaluation
e Standard Mean Average Precision (mAP)
 Single video assigned to multiple action classes
 Label precision for the data is 95.6%, comparing

against a ground truth
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Baseline Methods

+ Improved Dense Trajectories (IDT)

« MBH, HOG and HOF video descriptors
+ Static CNN features

* VGG-16 and AlexNet

+» Two=stream networks
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* VGG-M model architecture, spatial, temporal network
+C3D features

+ 3D convnet pretrained on Sports-1M dataset
+ Combined

« Combine all the other methods with late fusion
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Baselines Comparison

 mMAP (%) for action classification with various baselines.
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)

Random C3D AlexNet Two-Stream-B Two-Stream IDT {Combined
5.9 10.9 11.3 11.9 14.3 17.2 18.6

N—

 IDT Baseline: Encode the distribution of local descriptors

over the video with Fisher vectors.

= Ry
HOG HOF MBH HOG+MBH [HOG+HOF+MBH
K=64 123 139  15.0 15.8 16.5
K=128 12.7 143 154 16.2 16.9
(K=256 13.0 144 15.5 16.5 17.2 )
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Results Analysis
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Walking in doorway
Wash window
Standing up

Sitting down

Sitting in chair
Sitting at table
Cooking

Opening door

g{S}.“&ﬁ? "qﬁ‘.”"””
Jtung 1y crainr
. |.Dn %ltgﬁ ﬁ'om cup
itting dow
itting at table

Tidying floor

_Runping Running
Opening fridge ookin
Lying on bed g
Tidying floor

Drinking from cup
Closing fridge
Tidying with broom

Lying on bed
Opeéning fridge
Tidying with broom

Throwing shoes
Standing on chair
Taking laptop
Fixing doorknob
Grabbing picture
Washing mirror
Throwing book
Closing laptop
Throwing food

Put picture somewhere
Holding mirror
Laughing at picture
Throwing bag
Throwing broom
Throwing box | |

0 20 40 0 10 20 30 40 50 60
AP AP
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Confusion Matrix for Combined

Actions are grouped by the object being interacted with.
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Application 2: Sentence Prediction
+ Scripts
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* Sentences used to create videos
 Biased by the vocabulary, due to the writer’s
Imagination
» Generally describe different aspects of videos
+Descriptions
* Obtained manually for recorded videos

* Generally simpler and to the point

Yufeng Xiong
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Baselines

+ Random Words (RW)
« Random words from the training set
+ Random Sentence (Random)
 Random sentence from the training set
+ Nearest Neighbour (NN)
* 1-Nearest Neighbour based on AlexNet’'s outputs
+ S2VT (Sequence to Sequence - Video to Text)
» Combination of a CNN and a LSTM
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Baselines Performance

Captions are evaluated using CIDEr, BLEU, ROUGE and
METEOR metrics, as in the COCQO Caption Dataset.
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Script Description
RW Random NN (S2VT|Human RW Random NN (S2VT)Human

(CIDEr 0.03 0.08 0.11[0.17| 051 0.04 0.05 0.07/0.14| 0.53)
BLEU; 0.00 0.03 0.03/0.06| 0.10 0.00 0.04 0.05/0.11[ 0.20
BLEU; 0.01 0.07 0.07/0.12| 0.16 0.02 0.09 0.10[0.18| 0.29
BLEU; 0.09 0.15 0.15/0.21| 027 0.09 0.20 0.21/0.30| 0.43
BLEU: 0.37 0.29 0.29/0.36| 043 0.38 0.40 0.40[ 0.49 | 0.62
ROUGE; 0.21 024 0.25/031| 035 0.22 0.27 0.28/0.35| 0.44

METEOR 0.10 0.11 0’12k0‘13) 0.20 0.11 0.13 0.14\0.16j 0.24

R

+ CIDEr metric offers the highest resolution

+ S2VT baseline gives the highest score
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Examples
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GT: Apersonopensa GT: A personsweeps  GT: A person is sitting

closet and picks upa  the floor and places in a chair while up and turns a light
pink toy laptop off of  the dirt into a trash watching something  they are mixing the doorway drinking on and off before
the shelf. They close  bag. on a laptop. The food in the pot they go coffee before grabbing going back to sleep
the closet, turn off the person then begins to  to the cabinet and take a towel from the closet

light, and exit the laugh. out a spice they put and tossing it out the

room. the spice in the pot door.

+ CIDEr metric: scored low (red); scored high (green) (S2VT)

+ Language model is accurate, captions lack sufficient relevance.
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+Novel Hollywood in Homes approach
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+Novel large-scale Charades dataset
+ Contributions and Benefits:
 Training data
* A benchmark
» Object-action interactions
* A framework to explore novel domains

* Understanding daily activities
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Thank you for your attention!

FREIBURG



