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A Study of a Mobile Work Environment Monitoring System
Using Inference Engine ‘JESS’

Keun-Hwan ]eon*, Yoon-Ae Ahn~
ABSTRACT

A detrimental work environment causes a decline in work efficiency and contributes to various occupational diseases. To
prevent occupational disasters and build a pleasant work environment, it is necessary to develop a monitoring system to keep
operators safe from the hazards. This paper proposes a system that makes it possible to monitor a work environment using
a mobile device, an inference engine called ‘JESS.” The proposed system implements a monitoring interface in which JESS
and JAVA are interlocked to make it applicable to the Open Service Gateway Interface (OSGi)-based framework. A
dangerous situation can be reported immediately to operators through the mobile device. The system mentioned in this paper
is not constrained to a particular computer platform and can be easily interlocked with OSGi-based middleware.
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| . Introduction

A detrimental work environment often causes a
decline in work efficiency and various occupational
diseases. To prevent occupational disasters while
maintaining a pleasant work environment, it is
necessary to develop a system which monitors the
work environment and application services on a
realtime basis. Work environments need to be
monitored in workplaces where workers” uses of and
exposures to hazardous materials exist. In these
locations, it is necessary to minimize workers’
exposure to a hazard with a realtime monitoring
system.

The system should provide a mobile service
environment for users in a USN environment and
guarantee intelligent service functions. It should be
integrated into a context-aware system that develops
high-level from contexts  through

integration, inference, and learning, in order to adapt

low-level

itself to its surroundings which constantly change in
a ubiquitous environment. Several context-aware
systems have been developed for these computing
environments [1].

A variety of practical studies must be performed
on application services designed to freely provide
context-aware services in USN environments. It is
necessary to use middleware that can be developed
in an OSGi-based framework. It is important to
design a USN-based context-aware application
service model in a USN environment.

This paper proposes a system in which work
environment monitoring information can be
monitored using a mobile device, the inference
engine ‘JESS” The structure of a mobile work

environment monitoring system is designed first.
Then, the knowledge base of hazardous work
environment information which would be stored in
JESS is defined. Finally, a virtual interface is
developed and implemented. This paper implements
JESS and a JAVA-interlocked monitoring interface
that can be applicable to the OSGi-based framework.

Il. Related Studies
The context-aware service is based on
middleware. The context-aware system creates
context from sensors. The context-aware service must
be clearly aware of the significance of different
context information [1, 2.

A context can be defined as a uset’s emotional
state, attention, location-direction, date-time and
person-object in an environment in which he/she
stays. It is defined depending on whether or not the
attributes collected from sensors are included in a
particular area. Therefore, a system should have a
method in which a context can be decided using the
raw data from sensors [3]. To provide optimum
services to users, the context-aware middleware
should be able to create and handle a variety of
context information through integration, inference
and learning [4, 5].

The OSGi service platform has implemented OSGi
specifications under different devices and operating
systems based on Java virtual machine. It offers basic
service management functions and guarantees
multi-leveled system security. It also supports various
service hosting functions which are provided from
different suppliers in a single gateway platform [6, 7].
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The context-aware recommendation service which
is based on open context-aware service architecture
consists of an OSGi framework, a context provider
and a context-aware application. The OSGi
framework-based open architecture is comprised of
service bundles, an inference engine which makes a
prediction using the contexts and knowledge base in
which data are stored and managed. Useful
information is recommended to users through
modeling, conversion and inference of contexts [8, 9].

Hazardous workplaces (ex: a manhole, septic tank,
storage tank, sealed space, efc.) are exposed to health
problems and serious hazards such as fire and
explosion. Therefore, it is necessary to establish a
system which monitors hazardous environmental
information on a realtime basis and helps ensure
workers are safe from hazards [10, 11, 12].

IIl. Mobile Work Environment Monitoring
System

A mobile work environment monitoring system
targeted to monitor hazardous work environment is
designed in this paper. The structure of the proposed

system is shown in Figure 1 below.

—Server Part -

Monitoring
Server

Worker

Workplace

a8 1. RUEEl A|ASe] X
Fig. 1. Structure of the Monitoring System

Under this system, context awareness is enabled
based on JESS, a rule-based inference engine. The
system is not constrained to particular computing
platforms and can be easily interlocked with
05Gi-based middleware.

The sensor area in Figure 1 collects and transfers

data using an environmental sensor module.

Install an environmental sensor in a workplace and
measure work environment,

v

Transfer the information measured by a sensor to
the server,

v

& server monitors environmental information in a
workplace based on knowledge information on
hazardous enwvironment,

N
If hazardous environment reaches the threat level
according to the inference engine in the server, risk
information is delivered to workers in a workplace,

N
B worker receives the risk information through the
interface of a mobile device,

v

& worker's risk is prevented from hazardous work
environment in advance,

=1}
ES

J8 2 AlaHle J|s

Fig. 2. System functions and operations

S X}
S

Figure 2 shows system functions and operations.
An environmental sensor can measure work
environment on a realtime basis and position its
location. It can also alarm hazardous factors and
automatically calibrate sensor values.

A server is divided into two modules: a module
which receives sensed data and a module that
controls the application data. The status of the work
environment is monitored in an application service
interface. Workers can check hazardous information

from the server using a mobile device.
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3.1 Monitoring Server

A system component developed on a rule-based
inference engine is designed on a server. Therefore,
the system contains an inference engine structure in
which whether a work environment is dangerous is
decided on the basis of hazardous environmental
information provided from sensors in a workplace

on a realtime basis.

Application Regquest

'y
alarm & harmful information
¥

’ Application Server Manager |

|
data rece*ive order

inference ci_\ntext data

Data Receive JESS
Module Inference Engine

4
packet conversion knowledge information

p— \ " Database / B
| Fact Base l s Rule Base l
contextdata & knowledge data

a8 3. JESS 7|He| TUER M
Fig. 3. JESS-based Monitoring Server

Figure 3 shows the structure of a server that
monitors hazardous environment data in a
workplace. A monitoring server module governs the
operation of the entire system. It collects sensing data
in a workplace and stores it in the knowledge base. It
also monitors hazardous environmental data
through an inference engine for realtime application
services. If a dangerous situation is detected, the
information is delivered through the mobile device

in a workplace.

3.2 Hazardous Work Environment Information

A sealed workplace is exposed to health problems

and serious hazards such as fire and explosions with
limited exits. In addition, it often has a lack of
ventilation [13]. The following examines the impact
of oxygen, hydrogen sulfide and carbon dioxide on
health under this kind of work environment.

E 1. &k ZHo| elHol ojxls FE

Table 1. Impact of Oxygen Deficiency on Human Body

Oa(%) Effect
71 Oxygen concentration level in normal
atmosphere
17  |Difficulty in breat‘mn(ﬁ, increased pulse,
headache, nausea, candles will go out

Dizziness, vomiting and substantially
12 | weakening grip strength Risk of falling
fromaladder

Loss of consciousness (death occurs in
eight minutes)

Loss of consciousness within 40 seconds

Hydrogen sulfide smells like rotten eggs. It may
possibly occur in sludge deposit. Even though the
HsS levels in a tank are below 10ppm while you
clean up the tank, the figures may increase up to
100-200ppm if you step on the mud on the bottom. In
this case, you need to increase ventilation and put on
protective equipment such as breathing apparatus
and an oxygen mask [14]. The impact of H:S on
health is shown in Table 2 below:

E 2. g#steaTt olxol ojxs g

Table 2. Impact of H2S on the Human Body

H:S(ppm) Effect
3 Severe bad smell
80~120 hMo'llgSSymptoms; endurable for about 6

Smell is as mild as in a low

_ concentration, but strong pain in eyes,
200~300 nose and throat occurs in 5-8 minutes
Endurable for 30-60 minutes

500~700 | Imhalation for about 30 minutes can
cause semi-acute intoxication

_ Acute intoxication, unconsciousness and
1,000~1,500 death
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Carbon dioxide (CO) is common in the
atmosphere. However, it is very dangerous if we
breathe highly concentrated CO; in a sealed space.
Despite low toxicity, it can cause a severe headache if
its concentration increases. If one is exposed to the
gas for a long time, he or she could die of a breathing
difficulty [15]. Table 3 below briefly reveals the
impact of CO, on the human body.

E 3. O|MS}EIAT} olA[of o|x|= HEk
Table 3. Impact of CO2 on the Human Body

COx(ppm) Effect
Inhalation for 30 minutes can cause

6,000(6%) | breathing problems, drowsiness and
headaches.

100000(10%) Narcole.psy, dizziness and
unconsciousness

250,00025%) | Death

£ 4, YB39 Ho

Table 4. Definition of template

(deftemplate MAIN::status
(slot search-depth) (slot parent)
(multislot ochc2) (slot last-move))
(deffacts MAIN::initial-positions
(status (search-depth 1) (parent root)
(oche2 (get o?) (get_co?) (get_h2s)
(get_co)) (last-move no-move)))
(defmodule SOLUTION)
(deftemplate SOLUTION::moves

(slot id) (multislot moves-list))

3.3 JESS-based Inference Engine

3.3.1 Knowledge Base

The knowledge base is comprised of rules and
facts. The former refers to information on the rules
that are executed in the inference engine of JESS. The
latter is context information, i.e. facts that are stored
in the working memory of inference engine. In JESS,
template information is similar to the JAVA class
declaration.

Table 4 defines a template designed to develop
knowledge information on hazardous gases. Facts
are stored in the working memory while the
inference engine controls all context information
associated with inference based on the facts. Facts
that have been created with the duplicate function
are stored in ‘Slot Parent’. An order of rule execution
and debugging criteria are determined. Several lists
such as oxygen, HsS and carbon monoxide values
can be stored in the ‘multislot’.

3.3.2 Inference Rule

Rule information is set to induce a conclusion
through the inference process based on facts. The
rules are defined using ‘defrule” keywords. The rules
defined in the Table 5 below are used to check
whether or not a work environment is safe. If JESS is
used, a JAVA program which is inferred based on
rules can be prepared. JESS offers a method to send
and receive the values between the system control
module and the JESS engine via functions.
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Table 5. Example of Inference Rules

Contents
node <- (status (search-depth ?num)
(ochc2 ?02&:(and (< 202 90) (> 702 75)) ?2c02&:
(< 202 25) ?h2s&:(< ?h2s 30) 2cod(< ?co 30)))
=> (duplicate ?node (search-depth (+ 1 ?numy)
(parent ?node) (ochc2 (- 202 ?*pp*)
(+ 2c02 ?*pp*) ?h2s ?co) (last-move RULE-1))
ode <- (status (search-depth ?num)
(oche2 ?02&:(and (< ?02 65) (> 702 45)) ?c02&:
(< 202 55) ?h2s&(< ?h2s 50) ?code(< ?co 50)))
=> (duplicate ?node (search-depth (+ 1 ?num))
(parent ?node) (ochc2 (- 202 ?*pp*)
(+ 2c02 7*pp*) ?h2s ?co) (last-move RULE-2))
?node <- (status (search-depth ?num)
(ochc2 ?202&:(and (< 202 25) (>= 202 0))
2c02&:(<= ?c02 100) ?h2s&:(< ?h2s 60)
2co&:(< 2co 60)))
=> (duplicate ?node (search-depth (+ 1 ?num))
(parent ?node) (ochc? (- 202 ?*pp*)
(+ 2c02 ?*pp*) ?h2s 2co) (last-move RULE-3))

Rule name

RULE-1

RULE2

RULE-3

E6 MZ e o
Table 6. Example of Sample Function
Name Contents
(bind ?din (file_read))
(bind ?02 (call ?din readInt))
(return ?02)
{bind ?din (file_read))
(bind ?c02 0)
(for (bind % 0) (< 2 2) (++ ?i) (bind 2c02
(call ?din readInt)))
(return ?co2)
(bind ?din (file_read))
{bind ?h2s 0)
(for (bind 71 0) (< ?i 3) (++ ?i) (bind ?h2s
(call ?din readInt)))
(return ?h2s)

get_o2()

get_co2()

get_h2s()

Table 6 describes the functions that are used to
bring external sensing data (oxygen, carbon dioxide,
H5S and carbon monoxide values) that are necessary
in JESS. In a JESS-based inference engine, functions

are defined using 'deffunction’. The defined function
tiles include get 02(), get co2(), get_h2s() and
get_co(). Each function transmits oxygen, carbon
dioxide, H;S and carbon monoxide values which are
measured and transmitted on a realtime basis to the

inference engine.

IV. Monitoring Interface

The application service interface for server control
implements JAVA in order to interlock with JESS. A
mobile service interface is implemented in a window
mobile environment in order to make it possible to

provide service using PDA or a smart phone.

4.1 Interface for Server Control

An eco-sensor detects oxygen, carbon dioxide,
HS, carbon monoxide, organic compound, ammonia
and sulfur dioxide levels in a hazardous workplace
such as a manhole, septic tank, storage tank and a
sealed space. An inference engine infers a danger
based on the related rules using the information on
oxygen, carbon dioxide and H:S from sensors and
transmits the results.

Figure 4 identifies a user interface page for server
control. A server manager sets the information on the
workplace which is being monitored. In the Data
Packet page, available pure packet information is
provided from sensors. The received packet data are
processed in working memory through the inference
engine after being classified and then stored in the

database.
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£ Environment Monitoring System

File Help
Ene
Data Packet | Classifies Data

Real-ime sensed data packet information. 2010-03-23
10:26:34

1120033 00 00 00 41 00 00 00 00 00 00 00 00 00... =~
Te 00 1d 11 15 41 04 11 01 26 de d5 02 af 25 f6...
11 2038 00 00 00 41 00 00 00 00 00 00 00 00 00...
11 20 38 00 00 00 41 00 00 00 00 00 00 00 00 00...
Te 00 1d 11 16 41 04 11 01 26 de d5 02 af 25 {5...
1120035 00 00 00 41 00 00 00 00 00 00 0000 00, .
11 2038 00 00 00 41 00 00 00 00 00 00 00 00 00...
e 00 1d 11 16 41 04 11 01 26 de d5 02 af 25 15...
1120033 00 00 00 41 00 00 00 00 00 00 00 00 a0...
1120035 00 00 00 41 00 00 00 00 00 00 0000 00, .
e 00 1d 11 15 41 04 11 01 26 de d5 02 af 25 {5...
11 20 38 00 00 00 41 00 00 00 00 00 00 00 00 00...
1120033 00 00 00 41 00 00 00 00 00 00 00 00 a0...

Select aworkplace,

©) Workplace Green
@ Workplace Blug

© Wrkplace Red

Enter a IP address

210.119.132.64
-

< >

This system monitor status of workplace

8 4. AFBX &H Ho]X|
Fig. 4. User Interface Page

£ Environment Monitoring System

File Help
Ene
Data Packet | Classified Data

uygen
Concentration W0 %

Current concentration level in
normal atmosphere......

Carban Dioxide
Concentration 100,000 ppm

Marcolepsy, dizziness and
unconsciousness. . ...

Hrdrogen Sulfide Mobile Alarm State

Condition  [A dangerous sighal

Concentration 500 ppm

Inhalat fon for about 30 minutes
can cause seni-acute intoxication...

This system monitor status of workplace:

a8 5 &AF ZUEE HOo|X|
Fig. 5. Workplace Monitoring Page

Figure 5 illustrates a workplace monitoring page.
The Classified Data page displays oxygen, carbon
dioxide and H5 levels and related information on
the hazard. The workplace interface creates objects
that are necessary for the inference of a knowledge
base, and performs the monitoring process. The
monitoring interface, on the other hand, shows
current workplace status using the information
which is updated on a realtime basis. If a hazardous
factor is detected, an alarm goes off, and a danger

message appears on the screen.

4.2 Mobile Service Interface

To get mobile services, a user first needs to selecta
monitoring server or check the network status.

Select monitoring server.

Network connection testing,
Connectian try......

() Manitaring Server 1

O Maoritoring Server 2

Finish network testing. ..

@) Metwork Testing

« << Safety is the best. == <<« Safety is the best, »>»
a8 6. ZUEZ Mete| HET HAE
Fig. 6. Test on the Network with Monitoring Server

As shown in Figure 6, a user should check the
current network status. If it is operating normally,
he/she can obtain the mobile monitoring service. If
the network is inactive, the service may not be
available. Therefore, technical aspects on the use of
the network must be considered in the
implementation stage.

%Sé % SmartMobile SmartMobile

Select monitaring server.

Select monitoring server.

{® Monitaring Server 1 (®) Monitoring Server 1

(7 Monitaring Server 2 () Mary

Connert monitoring
() Netwaork Testing () ety sarver......

| Connect ‘ ‘Discunnect| | Conhect Disconnhect

< << Safety is the best, »>> | <z Safety is the best, »x
T8 7. ZYEHE Aol HE
Fig. 7. Access to Monitoring Server
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Figure 7 illustrates a wuser's access to the
monitoring server. A case in which two servers are
operated for the smooth operation of monitoring
service is introduced in this figure. In the server
implementation stage, the policy and technical
aspects on the operation of backup server must be

considered.

S e 9

SmartMobile
[9.15.;. CORd. Fondinon of workplace 9:15 : Good condition of warkplace
19:20 : Good condition of workplace 9:20 : Good condition of workplace

%25
19:30
935
19:40
19:45 :

Good condition of workplace
Good condition of workplace
Good condition of workplace
Good condition of workplace
Good condition of workplace

: Good condition of workplace
: Good condition of workplace
: Good condition of workplace
: Good condition of workplace
: Good condition of workplace

19150 : Good condition of workplace 9:50 : Good condition of workplace
12:95 : Good condition of workplace

10:00 : Good condition of workplace
10:05 @ Good condition of workplace

= << Safety is the best, =5

T8 8 ZUEE ABollA 22 E HAIX] € F
Fig. 8. Danger Message and Alarm Received from
Monitoring Server

Figure 8 reveals monitored realtime context
information on the mobile device. If a danger is
detected in the monitoring server, danger message
along with alarm appears on a user's mobile
interface. An alarm processing can be differently
implemented depending on the technical

characteristics of a mobile device.

V. Conclusion

This paper proposed a system that makes it
possible to check work environment monitoring
information using a mobile device inference engine
called ‘JESS.” For this, the structure of a JESS-based

mobile work environment monitoring system was
described. A knowledge base on hazardous work
environment information that would be stored in
JESS was identified. Lastly, a virtual interface which
could be developed has been implemented. A JESS
and JAVA-interlocked monitoring  interface
applicable to the OSGi-based framework has been
proposed.

The proposed system could be used for the
development of an open context-aware framework in
which JESS and JAVA are interlocked in mobile
environment. In addition, it could be very useful for
controlling contexts that are used in various
ubiquitous application services such as mobile
context-aware systems, home network systems,
context-aware recommendation systems and LBS
systems.

Requirements shown in this paper can be applied
to buried structure and related industries in advance
of system development. Development of a prototype
is appropriate. One that can be applicable to various
sectors associated with the management of buried
structures such as electric and communication

construction industries.
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