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Cross Domain Activity Recognition
·Challenges:
·A new domain of 

activities without
labeled data

·Cross-domain 
activity recognition
·Transfer some 

available labeled data 
from source activities
to help training the 
recognizer for the 
target activities
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Activity Transfer?

Source 
Domain:

Cleaning

Target 
Domain:

Washing



Activity Recognition: Input & 
Output
·Input
·Context information (from sensor data)
· Time, history, previous locations
· Object Usage Information

·AR Model
· Training data from calibration
· Calibration Tool: VTrack

·Output:
·Predicted Activity Labels
·Walking?
· Tooth brushing?
· Having lunch?
· Having seminar?

http://www.cse.ust.hk/~vincentz/Vtrack.html
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Video\vtrack.mpg
http://www.cse.ust.hk/~vincentz/Vtrack.html


Related Works
·Logic-based: Plan Recognition [Kautz 1987]:

·Inferring the plan(s) of an intelligent agent from 
observationsÏÆ ÔÈÅ ÁÇÅÎÔÓȭ ÁÃÔÉÏÎÓ ÏÒ ÔÈÅ effectsof those 
actions.

·Learning-based: Non-sequential / Sequential

·Non-sequential [Baoand Intille , Pervasive2004]

·Sequential

· Dynamic Bayesian Networks [Liao, Fox, Kautz, AAAI2004]

· Conditional Random Field [Vail and Veloso, AAAI2008]

· Relational Markov Networks [Liao, Fox, Kautz, NIPS2005]
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Related Works (cont.)
·Common Sense Models [Perkowitz et al. WWW2004, 

Pentneyet al. AAAI2006, Wang et al. IJCAI2007]

·Key Observation:

·Object usage information can be mined from the Web!

· These information indeed tell us a lot about the relationship 
between actions & objects.
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Basic idea
·Web mining 

·Activity similarity

·Data transfer

·Pseudo data

·Weighted

Source Domain 
Labeled Data

Similarity 
Measure

Target Domain 
Pseudo Labeled 

Data

Weighted SVM 
Classifier

THE WEB
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Example: 
simɉȰ3×ÅÅÐÉÎÇȱȟ 

Ȱ7ÁÓÈÉÎÇ-,ÁÕÎÄÒÙȱɊ 
= 0.3



Can Web data reflect the activity 
similarity?
·How similar are two 

activities?

ƁUse Web search results

ƁTFIDF: Traditional IR 
similarity metrics 
(cosine similarity)

ƁExample
¶ Mined similarity between 
ÔÈÅ ÁÃÔÉÖÉÔÙ ȰÓ×ÅÅÐÉÎÇȱ ÁÎÄ 
ȰÖÁÃÕÕÍÉÎÇȱȟ ȰÍÁËÉÎÇ ÔÈÅ 
ÂÅÄȱȟ ȰÇÁÒÄÅÎÉÎÇȱ

0.0542

0.043

0.0233

Calculated Similarity with 
the activity "Sweeping"

Similarity with the 
activity 
"Sweeping"
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How to extract Web data?
·Given activities u & v

1)Use the name of u (e.g. 
ȰÓ×ÅÅÐÉÎÇȱɊ ÁÓ ÑÕÅÒÙ ÉÎ ÓÏÍÅ 
search engine

2) Extract a set of Webpages (e.g. K 
pages): {duɉΫɊȣÄu(K)}

3) Similarly, get pages: {dvɉΫɊȣdv(K)} 
for v

4) TF-IDF on both activities

e.g.

Õ ɉÓ×ÅÅÐÉÎÇɊК ɕȰÔÅÁȱȡ ΪȢΫȟ ȰÃÏÆÆÅÅȱȡ ΪȢάȟ 
ȰÄÉÓÈ×ÁÓÈÅÒȱȡ ΪȢέȟ ȰÂÒÏÏÍȱȡ ΪȢαɖ

Ö ɉÍÁËÉÎÇ ÂÒÅÁËÆÁÓÔɊК ɕȰÃÏÆÆÅÅȱȡ ΪȢβȟ 
ȰÂÒÏÏÍȡȱ ΪȢΪίȟ ȰÔÅÁȡȱ ΪȢήȟ ȰÅÇÇȡȱ 
0.8}

Related Webpages

w
ix

w
jx
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How to calculate similarity?
·Cosine similarity

·Popular

·Simple

·Effective, especially in 
Information Retrieval

·Other similarity metrics 
can also be used

·%ȢÇȢ --$ȟ .'$ȟ ÅÔÃȣ
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How to use the similarity?

Source Domain 
Labeled Data

Similarity 
Measure

<Sensor Reading, Activity Name>
Example: <SS, Ȱ3×ÅÅÐÉÎÇȱО

Example: simɉȰ3×ÅÅÐÉÎÇȱȟ 
Ȱ7ÁÓÈÉÎÇ-,ÁÕÎÄÒÙȱɊ = 0.3

Target Domain 
Pseudo Labeled 

Data

Weighted SVM 
Classifier

THE WEB

Example: Pseudo 
Training Data: <SS, 
ȰWashing-Laundryȱȟ 

0.3>
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How to incorporate these weights in 
training? (Technically)
·Multi -class support vector classification

· Pseudo training data

· Class i: <x, yi > Ą {<x, yi1>, <x, yi2Оȟ ȣȟ НØȟ yin>}

·Multi -class classification (in one-against-one way)

· |Asrc| x |A tar| classes, each class i has weight Ci

· In testing, predicted label yij Ą yj , for 
tarsrc AjAi ÍÍ ,
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Experiments ςDatasets (1)
·MIT PlaceLabDataset 

(PLIA1) [Intille , Larson, 
Tapia, et al., 
Pervasive2006]

·Activities Performed
· 89 activities

·Sensors
· 11 types of general sensors

·Duration
· 4 hours
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Experiments ςDatasets (2)
·Intel Dataset [Patterson, 

Fox, Kautz, Philipose, 
ISWC2005]

·Activities Performed
· 11 activities

·Sensors
· RFID Readers & Tags

·Duration
· 10 mornings

Picture excerpted from [Patterson, 
Fox, Kautz, Philipose, ISWC2005].10/13/2009 15



Experiments ςDatasets (3)
·Amsterdam Dataset 

[Kasterenet al., 
Ubicomp2008]

·Activities Performed
· 7 activities

·Sensors
· 14 state-change sensors

·Duration
· 28 days
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Experiments ςResults (1)
·Overview

·Activities in the source/target domains are generated from 10 
random trials, mean accuracies are reported.

Mean Accuracy 
with Cross 
Domain Transfer

# Activities 
(Source 
Domain)

# Activities 
(Target 
Domain)

Baseline 
(Random 
Guess)

MIT Dataset 
(Cleaning to Laundry)

58.9% 13 8 12.5%

MIT Dataset 
(Cleaning to Dishwashing)

53.2% 13 7 14.3%

Intel Dataset 63.2% 5 6 16.7%

Amsterdam Dataset 66.7% 3 4 25%
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