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This paper describes a smart home system consisting of Smart Door Porch and a 

home portal. Smart Door Porch uses cameras, an RFID (radio-frequency identification) 
reader, and a touch panel for home security as well as the at-home awareness of each 
family member. The home portal uses Open Services Gateway initiative (OSGi) frame-
work and Java EE as the middleware to provide services including home activity, home 
calendar, and home collaboration map. The home collaboration map, based on the 
Google map, shows the locations of family members on the map with the aid of the 
GPS-enabled mobile devices carried by them. With the mobile devices, the proposed 
system supports ubiquitous collaboration among family members. Experimental results 
based on scenario simulations confirm that the proposed system is able to provide better 
services for family members in home collaboration.    
 
Keywords: smart home, home collaboration, home activity, ubiquitous service, home ca- 
lendar, home portal      
 
 

1. INTRODUCTION 
 

With the advances of technologies, the construction of a smart home has received 
wide attention, such as references [1-6] to name only a few. Among the existing papers, 
most of them focus on the technologies [5] and/or frameworks [2, 4] to be used within a 
home for tasks such as energy management [3]. This is not a surprising result. As pointed 
out by Bonino and Corno [1], the expectations of most users for a smart home system are 
comfort and taking care of household tasks. However, in our opinion, a smart home sys-
tem should also include a service-oriented framework for easily extending more services. 
Furthermore, since the family members do not always stay inside “the indoor box” [7], it 
is a meaningful attempt to expend the service space outside the house. Therefore, this 
paper emphasizes more on providing ubiquitous services for family members to support 
their individual or collaborative activities. 

For the purpose of gathering the location information of each family member, a 
smart home system has to know whether each family member is at home or not. With the 
at-home information, a smart home system, for example, can notify the family member to 
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leave home for an outside meeting if he/she forgets the meeting time and remains at 
home. Another example is that the smart-home system may turn off the stove or activate 
the surveillance system for security reasons if all family members are outside of the 
home. In both cases, the at-home information of each family member actually enables the 
smart home to provide better services. 

To further extend the awareness of locations beyond home, we incorporated a mo-
bile device with a GPS (global positioning system) receiver to obtain the location of each 
member even if he/she is away from home. Knowing the locations of the members, for 
example, helps the member at home ask which of the outside members can buy some 
milk on the way back home. With mobile devices, family members can also use the ser-
vices provided by the smart home system to support home activities. Consequently, the 
collaboration among family members, e.g., voting on the favorite restaurant for dinner, is 
not confined within the home, but can be at any place.  

Although GPS-enabled mobile devices are widely used in the proposed system, the 
GPS information is not used to provide the at-home information as the GPS signal may 
be lost inside the home. Furthermore, elementary and secondary students may not be 
allowed to bring mobile phones to schools. Therefore, it is not appropriate to only rely on 
the mobile devices to obtain the at-home information. Another possible approach to de-
tect whether all family members are out of home is by using motion sensors. Unfortu-
nately motion sensors cannot provide the at-home information for individuals. By con-
sidering all these factors, we decide to use dedicate hardware around the door porch to 
provide the at-home information.  

In this paper, we propose a smart home system containing a Smart Door Porch and a 
home portal. The Smart Door Porch supports the at-home awareness, whereas the home 
portal provides ubiquitous services for family members when they are away from home. 
The ubiquitous services, including the home calendar, home activity, and home collabo-
ration map, partially rely on mobile devices to provide location information. Therefore, 
the mobile devices also built a client agent for system communication. Finally, with the 
integration from all the above components, the proposed system provides convenient 
services for ubiquitous collaboration among family members. 

This paper is organized as follows. Section 2 provides some background informa-
tion about related work. Section 3 describes the design of the smart door. Section 4 dis-
cusses the functions of the home portal for collaboration. Section 5 describes the experi-
ments and results, including a comparison with the location-based social networking 
system. Finally, Section 6 is the conclusions.    

2. RELATED WORK 

The proposed system includes hardware setting and software infrastructure. The key 
elements of the system include Smart Door Porch, home portal, home collaboration, 
home calendar, and home middleware. The following gives a brief survey of the related 
work for each of the elements. 

Yong et al. [8] propose a door lock system for smart home as a centralized main 
controller for the home automation system. The system consists of an RFID (radio-fre- 
quency identification) reader for user authentication, a touch-screen LCD (liquid-crystal 



SMART DOOR: A UBIQUITOUS COLLABORATION SYSTEM 

 

1229 

 

display) panel as a visual interface, and various control and sensing modules for auto-
mated door operations and remote surveillance. A unique feature of their system is the 
ZigBee wireless network, which has the flexibility of not having infrastructures or plan-
ning. Their system inspires our development of Smart Door Porch. However, instead of 
developing an automated controller, our system takes the service-oriented requirements 
into account. Therefore, our system contains not only a controller but also a portal to 
provide services.  

The middleware used in our system is based on OSGi (Open Services Gateway ini-
tiative) [9], which is widely used inside some home gateways [10, 11]. For example, 
Cheng et al. [11] use an OSGi-based communication portal for smart space to enhance 
the communication capabilities with various mobile devices. Lin et al. [10] combine In-
teractive Digital Television (IDTV) with OSGi platform. Basically, OSGi provides a 
service-oriented, component-based, lightweight environment for developers and offers 
standardized ways to manage the software lifecycle. However, the service-oriented ar-
chitecture of OSGi simply focuses on the management of software components without 
supporting extension services. Therefore, some researchers try to integrate OSGi frame-
work with Java EE [12] technologies to adopt Java EE’s various enterprise-level frame-
works [13, 14]. At present time, most of the J2EE frameworks are not compatible with 
OSGi, therefore some software teams are engaged in modularizing OSGi within Java EE 
frameworks [11, 13, 14]. In our Smart Door system, we use a bridge module to connect 
these two frameworks. Based on OSGi and J2EE, we use a portal framework in the pro-
posed system to provide multiple interfaces for multi-agent collaboration. In addition, we 
also use J2EE framework to integrate different services and use Spring [15] to implement 
home activity. Summary of these works is listed in Table 1. 

Table 1. The related works of OSGi service gateway integration. 

References Architectures Application Domain Related Technologies 

Lin et al. 
[10] 

MHP-OSGi col-
laboration 

Interactive Digital Televi-
sion (IDTV) and Residen-
tial Service Gateway (RG) 
convergence 

OSGi, Xlet, HAVi-UI, 
JavaTV, JMF, etc.  

Cheng et 
al. [11] 

OSGi-Adapters 
portal 

Communication Portal for 
Smart Space 

OSGi, ECF, Directory 
Service, Web Service, 
etc. 

Liu et al. 
[13] 

OSGi-J2EE dy-
namic perception 

Reconfigurable RFID 
middleware for Web 
presentation  

OSGi DS, Struts, RFID 
middleware, etc. 

Kaegi and 
Deugo. 
[14] 

OSGI web appli-
cation bridge ap-
proach 

Building modular and 
evolvable server-side ap-
plications 

OSGi, JSP, Servlet, etc. 

Smart Door 
OSGi-Spring-J2EE 
bridge portal 

Ubiquitous home collabo-
ration, Home activity 
support 

OSGi, J2EE related, 
Smartphone, RFID, etc. 
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For visual presentation, Borodulkin et al. [6] propose a 3-D virtual user interface 
for smart home environment. Instead of using the virtual-reality technology, we represent 
the location-based information on the Google 2-D map [16], as its implementation is 
much simpler and more mature.  

Nagel [17] explores the challenges of designing home availability services and ac-
tivities, in which a cooperative design activity is used to identify which activities the 
family members are willing to share. In this regard, a home portal should provide home 
activity authoring interface in order to achieve the goal of sharing collaborative event. 
However, to design a family-based activity, a family member has to consider the loca-
tions of other members to figure out if they can attend the activity. That is one of the 
reasons that we add the Home Collaboration Map in our system. 

To integrate services with location information, Suo and Shi [18] point out that the 
evolution of smart space can be divided into three stages: individual smart space, open 
smart space, and smart community. The first one is limited to a small space, such as a 
room. The second one supports the roaming of mobile devices and users may enter or 
leave the space. The third one is constructed by to connecting multiple open smart spaces. 
In our opinion, the smart home should support open smart space to achieve ubiquitous 
services. Therefore, we introduce the Smart Door Space before describing the proposed 
system. Jeng [19] emphasizes that the design of ubiquitous smart spaces requires col-
laborative efforts to integrate physical environments, digital infrastructures, and user 
experiences in a broader context of human-centered design. His concept is similar to ours 
in philosophy although our research focuses more on implementation issues and the 
model is designed for home activities. 

One of the main topics in the development of smart space is the context-aware (i.e., 
awareness of surrounding environment) collaboration. To this end, Park et al. [20] pro-
pose a context-based collaboration system with mobile devices. Steichen and Clarke [21] 
propose an application framework for scheduling mobile, context-aware activities. Al-
though the mobile collaborative systems are subject to privacy issues [22], our system 
still heavily relies on the use of mobile devices for home collaboration. The privacy issue 
is ignored because the proposed system is to be used by family members. 

A family usually has a home calendar shared by all members to coordinate activities. 
However, it is difficult to remotely access a paper calendar and to integrate multiple cal-
endars [23]. Nowadays, web technologies offer the ubiquitous and pervasive accessibility 
for the calendar, which is not possible for the traditional paper one. Brush and Turner [24] 
list top challenges to use a digital calendar, such as forgetting to write things on a calen-
dar, and so on. Neustaedter et al. [23] finds that ubiquitous access to the calendar in-
creases the involvement of family members in the calendaring routine. He also empha-
sizes the importance of mobility  both within and outside of the home. To this end, our 
system supports remote access to the calendar in the home portal through mobile devices. 

3. THE DESGIN OF SMART DOOR SYSTEM  

The proposed Smart Door system is based on a conceptual model derived from a 
conceptual space, called Smart Door Space. In this section, we shall briefly describe 
Smart Door Space and the architecture and components of the proposed system. 
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3.1 The Smart Door Space 
 

The Smart Door Space proposed in this paper has a logical and a physical dimen-
sion. The physical dimension is partitioned based on whether a family member is at 
home or not, whereas the logical dimension is partitioned based on whether a family 
member logs in to the system or not, as shown in Fig. 1. For the physical dimension, it is 
partitioned into Domestic Space (DS) and Non Domestic Space (NDS).When a family 
member is at home first and then leaves home, his/her status changes from DS to NDS. 
Therefore, DS and NDS are separated by the physical home door. The partition of the 
physical dimension is necessary in the sense of spatial awareness in ubiquitous comput-
ing applications  to know if a family member is indoor or outdoor. With the knowledge 
of member’s location, the proposed system may invoke connections to remote devices, 
e.g. a mobile phone, if necessary. In the future work, the DS/NDS information will helps 
the system determine the actions of some smart devices in the house, such as activating 
the security alarming system if all members are in NDS. 

 
Fig. 1. Smart door space. 

For the logical dimension, if a member logs in to the proposed system, he/she is in 
Home Service Space (HSS). If he/she logs out later, his/her status changes to Non Ser-
vice Space (NSS). Such a partition is necessary in developing portal applications because 
the service interfaces for an authorized user would be different from that for an anony-
mous one. From the view point of providing services, the physical space should be inde-
pendent of the logical one  the portal of system. For example, it is likely that a member 
is both in DS and NSS if he/she is at home and does not want to be served (bothered) by 
the system. A smart home should provide an option for members wishing not to be 
served. With this consideration, the physical and logical dimensions should be inde-
pendent of each other. Thus, the Smart Door Space is partitioned into 22 subspaces, as 
also shown in Fig. 1, namely, DS+HSS, DS+NSS, NDS+HSS, and NDS+NSS. 

In the proposed system, two types of processes are supported: home activity and 
home service. A home activity process registers an action involving one or more family 
members in home collaboration, and a home service process provides the basic infra-
structure for executing an activity process. Each activity process has its own context (me-
ta-data) to represent the related environment of the activity instance. The context can be 
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modified and saved by any participant in the activity, not restricted to the original plan-
ner. This sharing feature enables home collaboration among family members. In the 
proposed system, a family member may define events and actions of an activity in ad-
vance, so the properties of the activity can be saved in the activity context. When a fam-
ily member executes a pre-defined activity during run time, the system can group activi-
ties based on their physical dimension such as DS, NDS, or DS combined with NDS. For 
example, it is possible to group contexts of indoor (DS) activities for aggregating coher-
ent concerns and common resources for better reusability and scalability. Another exam-
ple is for outdoor (NDS) activities, where the common property among activities is that 
they all require location information to achieve ubiquitous collaboration.   
 
3.2 Smart Door System 
 

Based on the Smart Door Space, the Smart Door system has two sub-systems: a sub-
system for door control and a home portal for application services. The former one is for 
the partition of the physical dimension, and the latter one is for the logical dimension. 
The door control subsystem, Smart Door Porch, provides not only basic home security 
but also the at-home status for family members when they pass through the main door. 
On the other hand, the home portal provides services to support family activities. In addi-
tion, the system also includes mobile devices for users to remotely access the portal. 

 

 
Fig. 2. Deployment of the smart door porch. 

3.2.1 Smart door porch  
 

The Smart Door Porch subsystem, as shown in Fig. 2, consists of an LCD touch 
panel, two PTZ (pan-tilt-zoom) cameras, an electronic lock, and an RFID reader. Option-
ally, the subsystem may also contain a smart pet door and a mailbox for receiving pack-
ages. The LCD panel, mounted on the outside wall of the house, serves as a virtual door 
key interface for opening the electronic door lock. It also provides additional information 
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Fig. 3. Algorithm to detect the leaving of a member. 

for guests such as the address of the house and the names of the family members. The 
cameras are located close to both sides of the main door to track if a person walks 
through the doorway and, if so, to identify the person. The video cameras also provide 
additional functions. Firstly, the outside camera is a part of the video intercom system to 
capture the image of the outside guest. Secondly, both of them serve as a part of the sur-
veillance system when necessary. The RFID reader in front of the door reads the tag at-
tached in a shoe worn on a member to help the system identify the person.  
 
3.2.1.1 Detection of leaving home 
 

When a family member leaves home, his/her face or body features are captured by 
the indoor camera first, and then the outdoor camera checks if the same person leaves. In 
addition, the RFID reader reads the information from the tag on the shoe as a supple-
mentary identification. One of the reasons for using the RFID reader is that the correct-
ness rate of a video-based recognition system is not sufficiently high with the current 
technology. The correctness rate is subject to environmental conditions such as poor 
lighting, occlusion, and so on. Even a high correctness rate is not sufficient because fam-
ily members enter or leave the house in a high frequency. It becomes very inconvenient 
to frequently ask a member to provide his/her identity due to the failure of the face/body 
recognition. With the aid of the RFID tag, this problem is alleviated.  

With the aid of RFID tags to provide the identity information, the cameras are used 
only to determine the direction of the family member, i.e., entering or leaving the house. 
In the future, we also plan to add the face recognition capability into our system for high-
er degree of security. The algorithm to detect the leaving of a member is shown in Fig. 3. 

 



YUAN-CHIH YU, SHINGCHERN D. YOU AND DWEN-REN TSAI 

 

1234 

 

In steps 1, 2, 3, and 4, when someone goes out of the door, the indoor/outdoor video 
camera detects the motion of the image and captures the key frame images, denoted as Ix, 
and Iy, respectively. The key frame is chosen from a sequence of image frames. Since the 
background image is known when setting up the system, it is easy to detect a moving 
object. The key frame is the frame where the moving object reaches its maximum num-
ber of pixels in the sequence of frames. In step 5, by comparing Ix, and Iy the system con-
firms the leaving of the person. In this step, the image features of Ix, and Iy are the height 
of the body and the shape of the body. It is obvious that the body shape must be the same 
for both Ix, and Iy. Once the leaving action is confirmed, the door control coordinator 
sends a query to the RFID reader in steps 6 and 7. The reader reads the information of 
pass-through person’s RFID tag, denoted as S2. In step 8, we compare Ix, and Iy with his-
torical (and training) data to figure out the identity S1 of the member. In steps 9 and 10, if 
S2 is available, we compare S1 and S2 as a second-layer confirmation. If these two do not 
match, identity S1 is searched again based on the similarity between the contour of the 
unknown body and those of pre-stored ones. In step 11, if the similarity is greater than a 
threshold, which is experimentally determined, then S1 is re-assigned. Because the back 
ground image is not changed, the threshold is not difficult to determine. If the identity of 
the member is unknown, in steps 12, 13, 14, 15, and 16, the coordinator issues an alarm 
sound and requests the person inputting the personal identification number (PIN) for 
identity verification. Alternatively, the member may use virtual 3D key (described in a 
subsection below) for this purpose. If the identity of the member is still unknown, the 
system goes to step 15 to inform the administrator. If the identity is known, the coordi-
nator updates the indoor/outdoor states of the person and synchronizes this information 
to other processes, if necessary. Then, the process ends. 
 
3.2.1.2 Detection of entering home 
 

When a family member goes back home, he/she should use the virtual door key to 
open the door. However, for leaving, using the virtual door key is not necessary. When a 
guest arrives, he/she should touch the visitor button on the LCD panel as a digital door 
bell. If the guest is allowed to enter the house, the system will assign a visitor ID (identi-
fication) to the guest. In the meantime, the system also records his/her image from the 
outdoor video camera for later comparison when leaving. 

 
3.2.1.3 Virtual door key 
 

The idea behind the virtual door key is to relieve the burden of carrying real door 
keys. Although the proposed system has a face/body recognition system and an RFID 
reader, we still use the virtual door key to open the door for the considerations of human 
habits and home security. On the human habit side, most people customarily use keys to 
open doors. Therefore, when a person opens a door without using a key, he/she may 
worry that the door might be opened for any one, or even not locked at all. On the secu-
rity side, the face/body recognition using a camera may fail due to bad lighting condition, 
occlusion, and so on. For the RFID system, the tag may be cloned [25]. Moreover, it is 
possible that a family member loses his/her shoes for various reasons. Considering all 
these factors, we decide to add the virtual door key in the proposed system. Since the 
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virtual door key relies on the finger gesture to open the door, though not easily, it is still 
possible that the gesture is peeked and mimicked. To cope with this problem, the system 
may be set to open the door only if both RFID tag and finger gesture are correctly identi-
fied. In case that only the finger gesture is correct (no RFID), the system will pop out 
additional secret questions for the member to answer. With this arrangement, the security 
of the system is enhanced. 

Without using keys, a security systems may use a keypad to input PIN (Personal 
Identification Number) for identification. In our system, however, we use finger gesture 
to replace the PIN for higher flexibility and security. To open the door, the user must 
drag the 3D virtual key, appearing on the multi-touch panel, along a specific path to a 
pre-defined location before turning it, as shown in Fig. 4. The pattern of the finger drag-
ging can be individually configured and recorded for each member in advance. Thus, the 
finger movement of dragging the key forms a unique gesture pattern which may not be 
easily mimicked. 

In order to reduce the computational burden, we use a simplified method to recog-
nize the gesture pattern. In the present implementation, the touch screen is divided into 
six blocks. Before using the system, the user has to provide a set of basic gestures for 
recognition. As shown in Fig. 4, the pattern of a basic gesture is the trace of the finger 
movement over a block. The trace is obtained through a two-dimensional path of a single 
touch point over time. For managing purposes, each basic gesture pattern has an index 
number. When the user set up his/her personal gesture pattern to open the door, the pat-
tern has to be a combination of the basic gestures. The overall gesture pattern is stored as 
the sequence of the indices of basic gestures. When the user moves the virtual key to 
open the door, the system uses a simple pattern matching algorithm to recognize the in-
put gesture in a block. By comparing the index sequence of the current input pattern with 
that of the pre-defined one, the system determines whether the gesture is accepted or not.  

 
Fig. 4. Smart door key. 
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Fig. 5. Layered model for smart door portal. 

In addition, the user may enable or disable some blocks with weekday setting. The 
gesture pattern in a disabled block is discarded by the system. With such a design, the 
user may add fake finger-movements to confuse the peeper if necessary. 

If a specific gesture to move the key is accepted, the member can then push the vir-
tual key into the key hole and rotate it as if he/she were using a real key. Though not cur-
rently implemented, the depth of the virtual key inside the keyhole and/or the angle of 
key rotation may also form a secondary layer of encrypted code. For example, the user 
may turn the key one-and-a-half turn to the left, push one key tooth further in, and then 
turn right one-half turn. However, the push distance and/or the rotation angle should be 
identical for all family members since in real world every member keeps the same shape 
of physical door key. The virtual key should not violate this rule. In case when a member 
forgets the depth and the rotation angle to open the door, other members may remind 
him/her.  
 
3.2.2 Home portal 
 

The home portal provides the basic infrastructure for the application services in the 
system. To have a higher flexibility and extensibility, we use the widely adopted Eclipse 
OSGi Equinox [26] as the execution environment. Then, Equinox is deployed as a WAR 
(Web Application Archives) file in a Java EE application server through a servlet-bridge. 
By doing so, the portal is able to execute OSGi-based web applications in a servlet con-
tainer. This design combines advantages of high availability and scalability provided by 
the Java EE application server environment and high flexibility and reusability by CODA 
(Component Oriented Development and Assembly) and Equinox. In our case, we use a 
Java EE application server with Spring framework [26] as the embedded servlet con-
tainer. The Spring Framework has an Inversion of Control container, which provides a 
consistent means to configure and manage the lifecycles of Java objects. 

Fig. 5 shows the layered model of the portal software. The presentation layer is a 
smart home portal built on top of other layers. The portal is a web framework suitable for 

 



SMART DOOR: A UBIQUITOUS COLLABORATION SYSTEM 

 

1237 

 

users to customize and simplify the constructions of applications. The interfaces of the 
portal consist of system admin frame, service admin frame, activity admin frame, home 
calendar, and activity authoring frame. Below the presentation layer is the logic layer. 
This layer processes requests from presentation layer and performs reasoning and logic 
computing. By using the basic functions in the component layer, this layer forms a kind 
of home service for the presentation layer. The logical computing capability of this layer 
is provided by the collaboration context-aware engine. Based on the collaboration ontol-
ogy [27], the engine can query the semantic meaning of home collaboration for the sys-
tem to realize the information of home activities and to switch to correct Smart Door 
subspace.   

In the component layer, we implement the functionalities of the system as modules 
including door control module, home map module, home calendar module, and home 
activity module. In addition, this layer also contains a module with OSGi built-in com-
ponents and a bridge module for OSGi applications to be executed in the Java EE con-
tainer. In our design, home calendar is a scheduling engine for dispatching and invoking 
home activities. We can view home calendar as a family-based personal digital calendar, 
and a home activity is an upcoming event. The container layer is implemented based on 
Spring framework with a Java EE container for aspect-oriented component development. 
Spring container includes a built-in portal sub-framework, known as Portlet MVC (Mod-
el-View-Controller) framework, based on JSR-286 (Java Portlet Specification 2.0) [28]. 
The Portlet MVC framework supports the execution of instances of home activities simi-
lar to a groupware system does. It has a strong capability of customizing the user inter-
face and of role management. These features reduce the development efforts for the 
home portal, particularly for representing hierarchal roles of family members such as 
father, mother, child, and so on. Basic infrastructure of the system is in the system layer 
and network layer.  

In the system layer, each of the three software containers is individually executed by 
a Java virtual machine (JVM) to reduce the implementation and management efforts. In 
the network layer, the architecture is built on the infrastructure of home network and 
Universal Mobile Telecommunications System (UMTS) network. As the gateway opera-
tor service is a built-in service in OSGi, we leverage it for the communications between 
the home network and internet. 
 
3.2.3 Mobile agent for smart door 
 

Since a family member may also need portal services when he/she is outside of 
home, we also implement an agent program in a mobile device to access the portal. The 
portal uses the http tunnel listener to parse the messages received from different mem-
ber’s mobile devices. Because the message passing route uses the http tunnel communi-
cation, it bypasses the firewall and gives an extra layer of protection against hackers, 
spyware, or ID theft with built-in encryption. With the mobile devices, the system is able 
to provide ubiquitous and continuous services. Because the device constantly attaches to 
the internet by the UMTS network, the agent program can periodically transmits the GPS 
information back to the home portal to report the current location of the family member. 
When the user enters into a house and the GPS information cannot be updated, then the 
mobile agent uses the last available location to be the present location. In this case, the 
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mobile agent still provides location information without interruption. It is also possible to 
implement the mobile agent in such a way that it may fetch the information from the his-
torical (or user-defined) database to indicate that the user enters into a house. This infor-
mation will be useful for home collaboration. 

By retrieving the location information collected in the portal, any member can dis-
play a collaboration map using a mobile device. As shown in Fig. 6, the agent program 
has a collaboration map to show the location of each family member. When the user se-
lects a member on the screen, a dialog is shown for text, voice, or video communications. 
Moreover, the user can invoke a run-time activity for the selected member. The mobile 
device used in our implementation is a smart phone platform and the agent software is 
developed using the Android SDK R0.8 deployed on the android platform 2.2. The agent 
program can be installed either by a local installer or by a web installer downloaded from 
the portal for remote installation. 

 
(a) Home collaboration map.   (b) Communicate dialog.       (c) Invoke a activity. 

Fig. 6. Mobile agent on the mobile device. 

4. HOME COLLABORATION  

Home collaboration occurs in many different scenarios. Any work requires two or 
more members being involved is considered as a type of home collaboration. Family 
members vote on a favorite restaurant for dinner is one example of home collaboration. 
To aid members, the system sends messages to mobile devices for members in NDS, and 
the members may respond the poll using their mobile devices. Another example is that a 
family member requests any member close to a grocery store to buy a bottle of milk on 
the way back home. In this case, it is very handy to have the location information of each 
outside member. To better serve the members, we use a home portal to provide services. 
Therefore, services link the members and their activities for collaboration works.  
 
4.1 Home Calendar and Home Activities 
 

When a family member connects to the portal, he/she uses his/her personal working 
area, with a customized layout for personal setup, to add scheduled activities. The (user) 
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interface of the home calendar provides time slots to define conditional events for an 
activity. When the scheduled time for an activity reaches, the home calendar invokes an 
activity instance to run. Therefore, the home calendar plays a role as the system’s heart-
beat in the sense that it coordinates all the time-dependent activities and monitors the 
location of each member. The snapshot of the home calendar interface is shown in Fig. 
7a, which is an Adobe Flex application running as a flash component for the portal web 
page. To use the calendar, the user drags and drops a time slot on the screen to schedule 
the selected activity. To check the calendar, the user may click the time slot at any time 
to view the state of progress.  

To assist home members with collaborative activities, the portal supports two types 
of activities: routine and one-time-only activity. The portal has an activity authoring tool 
for members to construct a template, called activity template, for routine activities. With 
the constructed templates, the member only needs to configure the parameters of the tem-
plate to start a run-time instance. As Fig. 7 (b) illustrated, the workspace on the activity 
authoring environment has an activity plate, a service plate, a scope calendar, a node 
property panel, and an activity composition panel. In the activity composition panel, the 
member treats one activity step in a sequence as node, and then links each node with 
branches. For each node, he/she may also define the time rule, the participating members, 
the constraint of the locations, and the related events or service. After completing the 
design, it becomes an activity template for all members to repeatedly use. To invoke the 
routine activity, the member uses the home collaboration map (to be described in the next 
subsection) to know the locations of the members, and then selects the activity template 
for the assigned members directly. In the meantime, he/she may adjust the time sequence 
for the nodes of activity and assign each node with pre-conditions and/or post-conditions.  

   
  Fig. 7. (a) Home calendar.               Fig. 7. (b) Activity authoring tool. 

In contrast to the routine activity, the one-time-only activity does not need to use the 
pre-authoring activity templates because this type of activities often happens unpredicta-
bly. Therefore, repeatedly configuring templates is a tedious and annoying work. For 
one-time-only activities, a member may use home collaboration map to, for example, 
activate a video call. Alternatively, he/she may assign an activity to a selected member 
directly, as in the example of “buy milk on the way home” mentioned previously. Inside 
the portal, every activity contains state information and, when necessary, the information 
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can be handed over to other activities for activity synchronization.  
The home activity is managed by the Spring Inversion of Control (IoC) container 

[15], also known as dependency injection (DI). In Spring, the managed objects are called 
beans. A bean is an object that is instantiated, assembled, and otherwise managed by the 
Spring container. Based on the lifecycle of bean, we extend the logic states of home ac-
tivity into the lifecycle of home activity. Therefore, there are five states in the life cycle, 
as shown in Fig. 8.  

 
Fig. 8. The life cycle of home activity. 

1. Initial state: The activity is configured by the invoker using the activity authoring 
tool. The configuration of the activity includes the setup of parameters, the members 
involved, the editing of nodes, and so on. 

2. Rendering state: The activity is in the foreground of the screen and has the user fo-
cus. When the activity is in the rendering state, members can communicate with each 
other by text/video/voice interfaces. 

3. Running state: The activity is running in the server for computing jobs, such as log-
ging state information, and message conversion. 

4. Waiting state: The activity is still alive, but it persists the session of activity into the 
persistence storage, waiting for re-initialed. It can be terminated by the system in 
time-out situations. However, when the activity is re-started again, it must be 
re-initialed to update new context information. 

5. Terminated state: The activity is considered as complete if the activity is finished, 
terminated by a user, or expired. 
 
A routine activity is in one of the five states mentioned above. However, the one- 

time-only activity does not the “waiting state” because the activity is invoked by real- 
time communication such as a video/voice call. The activity directly enters into “render-
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ing state” when the initialization work is finished. Because a one-time-only activity in-
volves only two participants, it does not need to design the collaboration steps in advance. 
In Fig. 8, the time axis is divided into three periods. The collaboration period is the time 
of activity execution. The authoring period is the time when activity templates are de-
signed. The assigning period is the time when the system informs each remote participant 
with his/her smart phone. If the assigned member is not available, the activity enters the 
“waiting state” and the situation is to be resolved by the invoker later. 

We use the case “buy some milk on the way back home” to explain the transition of 
activity states. After the invoker, say, mother, configures the activity and picks the mem-
ber to buy milk, the activity goes into the “Initial state”. When the conditions are fulfilled, 
the container callback the runningHAct() of activity instance to execute the “Running 
state.” If the dialog between members needed, the container calls back the rendering-
HAct() to render the interface for communications. After the communications, the activ-
ity goes into the “Running state” by calling runningHAct(). On the other hand, if the as-
signed member is not available, the activity goes into the “Waiting state” for invoker to 
resolve the problem. The logic of resolving the waiting state is embedded in the wait-
ingHAct(). When the assigned member responses to the system of finishing the job, the 
terminateHAct() be called to terminate the activity. 

 
4.2 Home Collaboration Map 
 

The main purpose of the home collaboration map is to represent the geographical 
locations of family members on a map. The location-aware capability of the portal is 
accomplished with the aid of GPS-enabled mobile devices to collect the locations of the 
members, as described previously. Since the map is based on Google Map API, it pro-
vides additional geo-information, such as nearby shops, hospitals, restaurants, or book-
stores. With the home collaboration map, the user may assign a run-time activity to a 
specific member based on the consideration of his/her location. Fig. 9 (a) and Fig. 6 (a) 
illustrate the use of the home collaboration map on the portal and on the mobile device. 

 
(a) Home collaboration map in web.              (b) Activity topology. 

Fig. 9. Home collaboration map. 
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The home collaboration map also provides the locomotion path of an activity for further 
reference. Fig. 9 (b) shows the path of a tour activity from point A to point E. The path 
may be helpful if a member is lost. 

5. EXPERIMENTS AND EVALUATIONS 

5.1 Experimental Setup 
 
To validate the concept of the proposed smart door portal, we implement an emula-

tion environment, including one electronic door lock, one front door panel (multi-touch 
screen connected to a PC), two network cameras (2M pixels with Ethernet support), one 
USB RFID reader (125kHz ID tag, 32-bit ID), a pair of shoes attached with RFID tags, 
and one USB lock control box. The deployment of the experimental environment is 
shown in Fig. 10. The environments for the deployment of these programs are heteroge-
neous, and therefore development and installation of the programs are complicated.  

 
                (a)                             (b) 

Fig. 10. (a) Experimental environment. (b) Identification of a member. 

5.2 Home Collaboration Key Performance Indicator 
 
To have a quantitative evaluation of the proposed system, we introduce the metrics 

of Collaboration Breath (CB) and Collaboration Depth (CD). These metrics are inspired 
by the innovation metric proposed by Choi and Ko [29], but with different definition. In 
our case, CB represents the frequency (number of times) a member is involved in a work, 
whereas CD is the total time a member spends on the work. For a fair comparison, the 
values of CB and CD are normalized. 

The following uses our scenario of “voting on the favorite restaurant for dinner” as 
an example to describe how to obtain the values of CB and CD. Firstly, the mother uses 
the portal to start an activity. She is involved in the work once with an operation time of 
t1. If two of the members away from home use their mobile devices to answer the vote, 
then each of them are also involved in the work once, with respective time of t2 and t3. 
Finally, the mother checks the portal to know the voting results. She is involved in the 
work once more with a time of t4. In this scenario, the mother is involved in the work 
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twice with each of her children once. Thus, the CB of the mother is 2/4 = 0.5, whereas 
that of each of the children is 1/4 = 0.25. Similarly, the mother has a CD value of (t1 + t4) 

4

1
/ ,ii

t
 whereas their children have CD values of  

4
12 / i itt and 

4

3 1
/ ,ii

t t
 respectively. 

If the mother does not use the proposed system and makes two phone calls to her chil- 
dren with durations of t1 and t2 to determine the restaurant, she and her two children are 
involved in the activity only once. Thus, CB is 1/3 for each of them. When talking over 
the phone, the mother and one of the children individually spend time. The overall time 
spent among all members, therefore, is 2  (t1 + t2). The CD value of the mother is then 
0.5 and those of her children are t1/(2t1 + 2t2) and t2/(2t1 + 2t2), respectively. 

Based on CB and CD, we may define Home Collaboration Key Performance Indi-
cator (HCKPI) for activity k as     

 

,
1

,,kHCKPI  


M

n
nknk tb    (1) 

where bk,n and tk,n are the CB and CD values of person n in activity k, and M is the num-
ber of members involved in the activity. Based on HCKPI in Eq. (1), we further compute 
its entropy, called HCKPIE, as follows 

 

,)log( HCKPIE
1

,,k 


M

n
nknk pp    (2) 

where pk,n = bk,n  tk,n and log is a base-2 logarithm. The above equation follows the defi-
nition of entropy in information theory [30] to measure the uncertainty of an event. In 
theory, if all pk,n have the same value for a given k, then entropy reaches its maximum. In 
our case, a higher value of HCKPIE indicates that the work is more evenly distributed 
among the participants. In the sense of collaboration, higher KCPPIE is preferable. 
 
5.3 Experiments and Results 
 

For system evaluation, we prepared four types of scenarios for simulation, which 
mainly corresponds to the physical dimension of Smart Door Space: one-time-only local 
activity (OL) for DS, one-time-only remote activity (OR) for NDS, routine local activity 
(RL) for DS, and routine remote activity (RR) for NDS. Also, the four scenarios are 
mapped into two types of activities: one-time-only or routine. The family in this simula-
tion has five members: father, mother, two boys, and one girl. Each scenario is repeated 
five times in different weekdays during one month with (indicated by “+”) or without 
using the proposed system. When scenarios evaluated without using the proposed system, 
the family members use mobile devices with oral communications as a control group. In 
this case, the collaboration among family members is achieved by traditional means such 
as phone calls or e-mails. For instance, without using the collaboration map provided by 
the proposed system, a family member may inquire the location of each family member 
through phone calls. Besides, the automatic message routine in the activity can be re-
placed by e-mails or faxes.  



YUAN-CHIH YU, SHINGCHERN D. YOU AND DWEN-REN TSAI 

 

1244 

 

  
(a) HCKPIE of each activity.  (b) Each component, i.e., pk,nlog(pk,n), of HCKPIE for each activity.  

Fig. 11. Simulation results. 

Fig. 11 plots the HCKPIE and lists the average values of pk,nlog(pk,n) for each mem-
ber. Fig. 11 shows that the HCKPIE values are higher with the proposed system. There-
fore, it is likely that family members have relative fair shares of the work load with the 
proposed system. One possible reason for this situation is that without using the proposed 
system, one of the members (e.g. mother) is likely to spend much more time to arrange, 
say, a favorite restaurant than other members do. This leads to lower HCKPIE. Fig. 11 
also indicates that the one-time-only activities have larger HCKPIE differences. It indi-
cates that it is more difficult to evenly distribute the work of a one-time-only activity into 
all participants without using the proposed system. For example, with the proposed sys-
tem, it is easier for the mother to monitor the locations of the family member and to as-
sign one of them to buy a bottle of milk on the way back home. Without the proposed 
system, the mother may have to make several phone calls to find locations of other mem-
bers before assigning the task. The curves of OR+, OR, RR+, and RR reveal that Kelly 
and Ben cannot participate in the remote home collaboration and therefore have zero 
values. It is because, for example, a parent plans to go shopping and asks his/her children 
to provide their shopping wish list. As some children are in the schools, they are unable 
to respond at that time. 
 
5.4 Comparison with Location-Based Social Networking Services 
 

Recently, location-based services have been applied to social networking applica-
tions. For example, the Check-in Map App [31], executed in a GPS-enabled mobile de-
vice based on the Check-in function [32] of the Facebook, is able to collect the geoloca-
tion information of one’s friends if they “check-in” to the Facebook. With the location 
information, the Check-in Map App is able to show on a map the current location of a 
user as well as the traversing line of his/her past check-in locations. As a result, such a 
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location-based service may be used for home collaboration scenarios. Thus, it is worth-
while to compare the relative benefits of such a service with our proposed system. 

For the comparison, the chosen scenario is “asking one of the family members to 
buy a bottle of milk on the way back home,” as this scenario requires location informa-
tion. In this scenario, we assume that the mother calls the father first, but he is unavail-
able. Then, the mother calls John and he accepts the job. The experimental results are 
given in Fig. 12, which shows that the Smart Door System (SD) has a higher HCKPIE 
than Check-in Map App (CM) has. Though seems surprising, the results are easy to un-
derstand. In the CM case, when the mother needs a family member to buy milk, she logs 
in to the Facebook and browses the most recent check-in locations of family members. 
Since the father is close to a grocery store, she calls him to do the job. As in the scenario, 
he is unavailable. Therefore, she has to view the map again in order to select another 
member, and then calls the member to learn if he/she accepts the assignment. This trial 
process may repeat several times. In contrast, in the SD case, the task of job assignment 
is accomplished with the provided tool, which integrates a map with a communication 
dialog interface to handle SMS, voice/video call, and so on. In addition, the home calen-
dar function also helps to find a candidate. When a member has a predefined event 
(likely unavailable) in the present time, the communicating dialog will show the sched-
uled information for the user. 

 
(a) HCKPIE of two systems. (b) Each component, i.e., pk,nlog(pk,n), of HCKPIE for each system. 

Fig. 12. Simulation results. 
 

There are some potential issues when using the Check-in Map App. First, the App 
renews the locations information only if the user submits the “check-in” place. It is pos-
sible that a member forgets to check in. In our system, the location information is auto-
matically collected on the background to avoid the “uncheck-in” problem. Second, a lo-
cation-based system usually does not support all types of family activities, such as the 
scenario of “voting on the favorite restaurant for dinner” because home collaboration 
does not entirely depend on the location information. In fact, most of home collaboration 
scenarios depend on the type of home activity, but not on the location-based information 
or social network. Third, privacy is always a concern when using a public service such as 
Facebook. When using the Facebook, it is possible that, due to improper setting, private 
information is available to general public. There is no such concern if a proprietary sys-
tem, such as the proposed system, is used. Judging from the experiments and the above 
discussions, we believe that the proposed system has its benefits in home collaboration 
over a location-based social networking service. 
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6. CONCLUSIONS 

We propose a Smart Door system in this paper. The system consists of a Smart Door 
Porch and a home portal. The Smart Door Porch, other than door security, provides the 
awareness of at home status for each member. The home portal provides services for 
home collaboration including home calendar and home collaboration map. As smart 
phones are widely available nowadays, we also integrate them into our system for access 
the portal and for providing the location of each family member if going out. We imple-
ment an emulation environment to evaluate the proposed system. The experimental sce-
narios include different local and remote activities. To quantitatively evaluate the per-
formance of the proposed system, the experimental results are presented using HCKPIE 
as a metric. The results confirm the effectiveness of the proposed system. We also dis-
cuss the advantages of using the proposed system over a location-based social network-
ing service. Overall, the capabilities of the system provide better services in all types: 
one-time or routine activities in domestic or remote locations. 

The proposed system is built based on the OSGi platform, which is a popular mid-
dleware for smart home systems. Therefore, the proposed system can serve as a starting 
point toward a more sophisticated and complete smart home system. Currently, the pro-
posed system focuses on the service-oriented architecture for a smart home. It will be a 
meaningful step to further incorporate human-centered computing technologies into our 
system. 
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