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ABSTRACT

Understandings of human activity through the wearable sensor
will enable the next-generation human-oriented computing.
However, most of researches on the activity recognition so far are
based on small number of subjects, and not well adapted for real
world application. To overcome the situation, we have started a
project named “HASC Challenge” to collect a large scale human
activity corpus. As the mid of 2011, by the collaboration of over
20 teams, we have gathered 4897 accelerometer data with 116
subjects and compose them as HASC2011corpus. We make
HASC2011corpus into public for the research community to use it
as a common ground of the Human Activity Recognition. We also
developed a tool named “HASC Tool” for management,
evaluation and collection of the large number of activity sensor
data.

1. INTRODUCTION

Recent advancement of MEMS technology enables the
installation of small sized accelerometers or gyroscopes on the
various kinds of information devices. By using such activity
sensors, these devices can estimate its posture or status. However,
most of current devices only utilize these sensors for simple
orientation and gesture recognition. More deep understandings
and recognition of human activity through these sensors will
enable the next-generation human-oriented computing. To enable
the real-world application by these kinds of wearable sensors, a
large scale human activity corpus might play an important role.
Human activities vary from person to person. So it is not easy to
find suitable features of activity signals for the robust recognition.
Most of researches on the activity recognition so far [8]~[26] are
based on small number of subjects, and not well adapted for real
world application.

To overcome the situation, we have made a consortium named
“HASC: Human Activity Sensing Consortium”, and started a
collaboration project for gathering large scale human activity
corpus. This project is named “HASC Challenge”. In this paper,
we first explain the importance of the large scale corpus, and then
report the first result of HASC Challenge 2010[27]. We also
defined the standard data formats for activity corpus, and
developed an open source data management tool (HASC Tool).
HASC Challenge2010 has a result with more than 6000 activity
files. After the challenge, we have added more 20 subjects and
remove the non-uniform subjects’ data and formed

HASC2011corpus for convenience to the researchers. Now we
open the whole HASC2010/2011corpus to the public.'

2. Importance of Large Scale Corpus for the
Activity Recognition

There are several research fields which are boosted by the large
scale corpus.

2.1 Large Scale Corpus in the Other Field

In the field of speech recognition, large scale corpus play a really
important role. Most of recent speech recognizers are based on
HMM acoustic-model and statistical language model[1]. These
models are developed through the machine learning through the
large scale speech corpus. So, the qualities or recognition-rates of
the speech recognizers are proportional with the scale of the
underlined speech corpus. To advance the recognition quality or
to tackle the different situation, development of a high quality and
large scale corpus is a key. Most popular example of the speech
corpus is “DARPA TIMIT” corpus [2,3]. From the development
of this corpus, a lot of continuous speech recognizer works better.

Also in-car activity field, we already gathered a huge scale
corpus(more than 800 subjects) for various purposes [4,5]. These
corpus enables in-car related researches.

In the field of image recognition, the most popular example is
the area of face recognition [6,7]. There are several databases for
facial images. Some of them are freely available. This situation
makes the fast improvement of the facial recognition technologies.

2.2 Corpus for Activity Recognition

As far as we know, there is no public large scale corpus for
human activity recognition area. Of course, there are several
researches with the some scale of experiments [7,8]. However,
none of them are not published the data nor the algorithms. As we
mention in the above, sharing the databases/corpus is a key of the
improvement in the pattern recognition research and development
field.

3. HASC Challenge

To overcome the situation, we have decided to create a large scale
corpus for human activity recognition with founding the

" If you want to obtain/contribute to the HASC corpus, please
visit http://hub.hasc.jp/.



consortium HASC (Human Activity Sensing Consortium).
However, there are several issues which cannot simply decide
such as sensor types, number of sensors, sampling frequency,
position of sensors and what kind of activities we should share. If
we decide the application of the corpus, these parameters can be
easily decided. However, our purpose of the corpus gathering is
to boost the research of the activity recognition, it is not simple.
As the result of the long discussion, we have decided to start
gathering a single accelerometer sensor data of simple activities
with various kinds of sensors, positions and sampling rates. By
publishing the data with various kinds of sensors, we believe
researchers can find the better configuration of activity recordings.

So, we have planned “HASC Challenge” to gathering the corpus
and technological evaluation.

3.1 Rules of HASC Challange2010

In the planning phase of the challenge, we consider the following
issues. (We slightly change the rule for HASC Challenge2011.
Details are shown in Section 5.)

- HASC Challenge is not a contest. It is a “Technology
challenge”.

- Each participant should gather at least five subjects with the
following activities.

- Activity data must be in the HASC data format.

- Each participant will get the all activity data but label data
of sequence data. They can submit the result of the
recognition in the label data format or submit the
recognition algorithm.

- HASC steering member will evaluate the recognition rate.

3.2 Result of HASC Challenge2010

HASC Challenge 2010 symposium was held in Dec 8, 2010.
Before the symposium, 24 teams have submitted the activity data.
Finally, we got 540 subjects activity data and 96 subjects with full
dataset. Total number of activity data file is 6791 and total size is
966Mbytes (Table 1). The major types of sensors are iPhone /
iPod Touch, and WA A-series (ATR).

We also got the recognition result from 6 teams. However, this
challenge is the first time and the most of participants are not
expert of the activity recognition technology. So the recognition
results are ranged from 38%~72%.

From the experience of HASC Challenge2010, we confirm the
strong requirements of the activity corpus and also the toolkit for
the activity recognition.

Table 1. Number of Acquired Files in HASC Challenge2010

- 5 series of 20sec of 6 activities : stay, walk, jogging, Gender Number of Number of
skip, stair-up, stair-down. Subjects Files
. L Male 89 4032
- 120sec of labeled activity sequence which includes all
of above 6 activities. (each activity should longer than Female 12 341
5 sec).
Unknown 439 2418
- Each participant can use any kind of sensor but it should be
available in the market. Total 540 6791
File Edit Navigate Project W—). Window Help
S - BDET BOEIE @ (4] - 5l ¥ v v
& [
[ Project Explorer 12 = 4 ¥ = || E CreateFeatureTable.hascx... £ TableWithFeature.csv ] CreateMeanFeature.hascxbd | MeanFeature.hascxbd 8 HASC1001.label &3 | = B
&= 0_sequence - time: s
(& person101 8.0 .
£l HASC1001.csv - B
£ HASC1001.label El *"
I ] HASC1001.meta v
£l HASC1002.csv t
£ HASC1002.1abel =
&) HASC1002.meta '
(= person102 “b
(&= person103
(& person104 ETELEIRRY | i/ !
(= person105 Sastils LA L i AT e ¥ i bt
& person106 - | Rl R e ERE Rl ar e
Pl F—— LI I I ,"‘ | A 1 s b !
sbLiBILY 1
5 Properties &7 3‘%> == =8 i
Property Value
_block
_Type BeanBlock
Class jp.hasc.hasctool.core.runtir
Comment
Name  XERequestMergerl
bean propert 8.0 stUp|walk walk|jog jog|skip skip|walic walk|stay stay|skip skip|
inputPorti 2 il | i, ] v
Text | Wave&Labels
[ Console 32 | §] Error Log EE ~r~"0
HascTool
) 12/3£L—i5:26:43 jp.h;sc.haﬂctuul.ui.viEWS.WavEViEwWidgEt. main o
Cl e — (K] 3 "
[~
N |

.

Figure 1. HASC Tool (Iabeling mode)
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Figure 2. HASC Tool (graph editing mode).

4. Toolkit for Activity Recognition

To boost the data handling and trial and error process of the
signal processing, we have developed a new tool named “HASC
Tool”[30]. Fig. 1 shows a screen image of HASC Tool>. HASC
Tool is based on the famous IDE called Eclipse.

HASC tool has following features.
- Showing wave and label data (Fig.1)

- Create a process block diagram graph called “XBD”. By
using “XBD”, one can easily automate the various signal
processing and file processing.(Fig.2) Without this kind of
automation, handling thousands of files are not simple.

- Real time / offline data acquisition with wireless sensor
- Connection with Weka Toolkit®
- Distributed data processing over the network.

By using HASC Tool, we can exchange the processing way of
activity recognition using XBD files.

4.1 HASC Data Format for Activity Data

To share the activity data or processing functions among the
researchers and developers, activity data format must be

2 HASC Tool is Apache 2.0 Licensed open source software. You
can download it from http://en.sourceforge.jp/projects/hasc/

3 Weka Toolkit is a data mining/ machine learning tool developed
by Waikaido Univ. (http://www.cs.waikato.ac.nz/ml/weka/)

standardized. We have defined the following data format as
HASC data format for activity understandings.

- Activity Accelerometer data (.csv)
We defined accelerometer data as a simple csv format with
time stamp and x, y, z axis-acceleration. Time stamp is in
the second time scale with floating point. So any sampling
rate data can be stored with this format. Accelerations are in
the gravitational acceleration unit (1G = 9.80665m/s%).

- Meta information format (.meta)
For each acceleration data, related information of the subject
and the data acquisition condition are important. We
defined a meta data file format to record subject’s gender,
weight and height, and sensor’s type, sampling rate and
position. The style of the format is simple “attribute:value”.

- Label data format (.label)
For each continuous activity data, “tag” or “label” is
required to put on the activity time period. We defined a
label data format as a csv format with start-time, end-time
and label-name.

5. Findings from HASC2011corpus

We have performed a simple investigation on the effect of number
of subjects using HASC2010corpus[28]. We have updated the
result using HASC2011corpus[29]. HASC2011corpus is a new
corpus which includes additional 20 subjects and omits some in-
complete data from HASC2010corpus. So, number of subjects
and total files are decreased from the HASC2010corpus but the
quality and the consistency are increased in HASC2011corpus.
Table 2 shows a basic statistics of HASC201 1corpus.



For the feature selection, we use mean and variance of norm of 3
accelerometers (2features), and power of 4 band FFT with zero-
cross rate (7 features), and integration of acceleration (8 features).
We learned the segmented data from the corpus and evaluate the
sequence data. Table 3 shows a result of recognition experiment
using 80 subjects for learning using 8 features. In this experiment,
we randomly selected 80 subjects for learning and use the other
subjects’ sequence data for testing. (User-independent analysis)
Figure 3 shows the result of the experiment with x-axis showing
the number of subjects and y-axis showing the recognition rate.

Table 2. Statistics of HASC2011corpus

Gender Number of Number of
Subjects Files
Male 102 4464
Female 14 434
Total 116 4898

Table 3. Confusion matrix of using 80 subjects from
HASC2011corpus in the user-independent analysis.

stay wal jog skip stUp stDow
k n
stay 86.7 4.4 2.0 0.7 2.2 3.9
walk 1.5 543 0.6 0.8 12.7 30.0
jog 1.3 09 499 324 0.2 15.3
skip 1.7 0.0 109 8238 0.4 4.1
stUp 1.6 7.4 0.0 0.0 78.3 12.7
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Figure 3. Effects of number of subjects in the user-independent
analysis on the human activity recognition.

6. HASC Challenge2011

This year, we are now working for the HASC Challenge2011. We
slightly change the rules (or types and length of collecting data)
from the experience of the last challenge.

- Each participant should gather at least five subjects with the
following activities.

- 5 series of 20sec of 6 activities :
skip®, stair-up, stair-down.

stay, walk, jogging,

4 «Skip” is an activity like jogging with rhythmic jumps. You
may find it at http://www.youtube.com/watch?v=aL.D7zzX3c48

- 300sec(5min) of labeled activity sequence which
includes all of above 6 activities. (each activity should
longer than 10 sec).

- Each participant can use any kind of sensor but it should be
available in the market.

- Sensor types include accelerometer,
magnetic field sensor, GPS.

gyroscope,

- Activity data must be in the HASC data format.

- Each participant will get the all activity data but label data
of sequence data. They can submit the result of the
recognition in the label data format or submit the
recognition algorithm.

- Additional data gathering: “Commuting activities”

- Movement activities from a place to another place
around 5~10minutes.

- More real-world like movement.
- Labeling should be more precise.

- We do not specify the detail of labeling in the last
challenge. However, the recognition rate is heavily
affected by the quality of the label. In HASC
Challenge 2011, we specify the method of labeling to
make it more precise and accurate. Unlike the last
year’s label like in Figure 1, we asked to the
participants to label the activity like Figure 4. (Do not
connect each activity. Transition part should not
labeled.)
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Figure 4. Labeling without activity transition segment.

6.1 Hub.hasc.jp: Supporting site

In HASC Challenge2010, one of the biggest difficulties was to
handle the huge number of activity files. Some of the participants
do not understand / or mistakenly understand the HASC format
and submit in the wrong format. So, we had to check and collect
all of them. In the HASC Challenge 2011, we are preparing the
web site name “Hub.hasc.jp.” to automate the data check.

7. SUMMARY

In HASC Challenge2010, we have gathered more than 6400
activity accelerometer data from 24 teams. From the experience,
we confirm the strong demands for activity corpus from
researchers and  companies. Now we open  the
HASC2010/2011corpus to the public. We hope a large number of

stDown




researchers will use HASC corpus to develop/evaluate their own
recognition technologies. We have also developed HASC Tool for
data management and processing for activity recognition.
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