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Abstract—Because early symptoms of dementia are often ignored, the most worrying part is elders easily get lost due to their 
wandering behavior. Most of related devices only periodically update locations through the system server. When a relative or 
friend sends a tracking request, the system will only reply with updates on the position of the time of the last tracked end. We 
use GPS, 3G positioning signals, and base station information to calculate the position of elders. On the other hand, we use the 
virtual electronic fences technology to sure the elders leave the safe range or not. When elders at the time point of departure 
abnormal set range, the system will initiatively notify the family. We implement a cloud platform-based active notification 
tracking system to reduce the risk of elderly getting lost. 
 
Index Terms—Dementia Care, Proactive Notification, Tracking System, Virtual Electronic Fences, Cloud-Based. 
 
I. INTRODUCTION 
 
In recent years, due to advancement in medical 
technology, the trend of fewer children, and other 
reasons, the social structure has undergone rapid aging. 
With the aging social population structure, the 
population of elderly with dementia has substantially 
increased as well. Alzheimer's Disease International 
(ADI) pointed out that there are about 44 million 
dementia parents around the world. According to the 
latest estimates in 2013, the population of elderly with 
dementia is expected to reach 135,000,000 by 2050, a 
growth rate of 17%. ADI also predicts that by 2050 
about 71% of dementia parents will be concentrated in 
countries’ with low-middle income. The estimates of 
the population of elderly with dementia for 2056 also 
increased by 16.4% compared to the previous 
estimates, a considerable growth ratio. Obviously, 
social costs arising from caring for elderly with 
dementia will heavily burden next-generation young 
adults. 
Since the main goal of dementia treatment is to 
maintain the daily living function of elderly with 
dementia, while maintaining the health and dignity of 
the elderly, rather than just restricting their behaviors 
and activity range. However, due to the busy lifestyle 
of modern people and other factors, the general public 
often ignores the issue of caring for elderly with mild 
dementia. The most worrying part is elders easily get 
lost from wandering around. Nearly 60% of elders 
have experienced varying degrees of wandering 
behavior. If they get lost due to wandering behavior, 
they are at the risk of hypothermia and dehydration. 
When dementia parents who are lost enter an unsafe 
environment, they are likely to get hurt due to mental 
fear, anxiety, and panic. According to statistics, if 
elders are found between after 12 hours and within 24 
hours, they have 33% chance of survival; those who 
are found after 72 hours after only have 20% chance of 
survival. Obviously, timely search for lost elders is 
extremely important. 

Despite the gradual prevalence of elderly with 
dementia and children’s tracking devices, their 
practical uses are still inadequate. Most of related 
devices only periodically update locations through the 
system server. When a relative or friend sends a 
tracking request, the system will only reply with 
updates on the position of the time of the last tracked 
end. Periodic updates will inevitably lead to 
unnecessary energy consumption and failure to acquire 
the latest positioning information. For example, GPS 
Watch proposed by Keruve lacks automatic 
notification feature [1]; GPS Shoes proposed by Aetrex 
Company adopt periodic uploads and updates, which 
easily results in errors [2]. At the 2013, one 
85-year-old elderly with dementia from our country 
died because he failed to be saved in time. He was 
under a viaduct at the time, unable to receive GPS 
signals while the GPS could not display actual data, 
resulting in search and rescue position errors.  
In view of this problem, we design and implement a 
virtual electronic fences proactive tracking system to 
automatically detect whether the elderly leave the 
security zone at the abnormal time. Through the virtual 
fence framework with time parameters and analysis of 
elders’ usual whereabouts, when elderly with dementia 
leave the fence during unusual hours, the system will 
automatically notify their relatives and friends 
regarding the whereabouts of the elders, reminding 
them for a need to follow up. Through the practical 
application of the two above-mentioned functions, the 
system can reduce the risk of elderly getting lost. 
 
II. BACKGROUND 
 
When a device enters or leaves a specific region of the 
virtual fence, the device can automatically receive 
related notifications. Hence, the virtual fence has been 
widely used in some LBS product promotional 
activities and related applications. Jihoon Ryoo et al. 
[3] and Rahimi et al., [4] used the concept of virtual 
fence in 2012 and 2013 to explore the positioning 
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algorithms. Armstrong et al., proposed to incorporate 
the concept of virtual fence in applications related to 
caring for elderly with dementia [5] and Aetrex 
proposed the GPS shoes of the virtual fence [2], these 
proposals are only used to check whether elderly with 
dementia have left the virtual fence during periodic 
updates (The GPS shoes cost USD299; tracking plans: 
monthly fee for 30 minutes/once: USD34.99; monthly 
fee for 10 minutes/once: USD39.99), but periodic 
updates will result in added transmission costs and 
power consumption.  
Moreover, if elderly with dementia engage in outdoor 
activities more frequently, it will be significantly 
helpful for their dementia condition. Therefore, if the 
concept of virtual fence alone is used to regulate 
elders’ activity range, these concept will contradict 
with the purpose of care. In this study, the virtual fence 
and time parameters were proposed to analyze the 
daily routine behaviors of elderly with dementia. The 
active notification processes were used to replace 
periodic update processes. When the device detects an 
elder leaving the fence during an unusual time period, 
the device will actively notify the elder’s relatives and 
friends and establish a virtual fence detection 
algorithm, thus reducing transmission costs and the 
risk of hazards. 
 
III. MATH 
 
A. The System Framework 
As shown in Fig 1, we propose the virtual electronic 
fences to the tracking application. For safety reasons, 
the virtual electronic fence feature was added to the 
tracked devices, taking into consideration the daily 
activity areas and time of elderly with dementia using a 
virtual fence detection algorithm. This algorithm will 
integrate and coordinate various positioning 
techniques and accelerate positioning time and 
reducing equine power depletion within an acceptable 
positioning error range, thereby enhancing the system 
practicality and safety. When elders leave the range of 
the virtual fence at unusual time, the system will 
immediately notify their relatives and friends and 
continue to track the location of the elder to ensure 
safety and reduce the chance of dementia patients 
getting lost. 
 

 
Fig 1. The system framework 

In this paper, an android smartphone was used to set up 
an experiment for the tracking and tracked devices. 
The virtual electronic fence of the tracked devices will 
have access to built-in GPS, 3G, and WiFi modules, 
collect GPS, AGPS, base station, and wireless AP 
information. Additionally, the tracking devices 
provides the virtual electronic fence setting feature to 
enable relatives/friends to set the daily living range and 
time virtual fence settings for the tracked devices of 
elderly with dementia. Relatives and friends can also 
send positioning requests at any time, instantly 
obtaining the location of elderly through remote 
extraction. 
 
B. The Virtual Electronic Fence Detection Function  
The virtual electronic fence detection function is 
mainly used to calculate the user is out of the safety 
range. As shown in Fig 2, the tracked devices will 
automatically start the fence detection algorithms 
when the devices booting. If the tracked devices 
beyond the electronic fence range at abnormal time, the 
system will immediately send message to the tracking 
devices about this abnormal situation, and 
continuously track the tracked devices to avoid the 
chances of danger. 

 

 
Fig 2. The virtual electronic fence detection procedure of this 

system. 
 
As shown in Fig3, the system use the collected base 
station information to assist positioning operation. This 
can reduce the number of start GPS and reduce device 
power consumption. First, the system filter out of the 
fences' station set CID_G where elder should be 
located base on the current time. Second, the system 
get the tracked devices current location' tower 
information CID_C and judge whether CID_C belong 
to CID_G. If CID_C belong to CID_G, the system will 
set next check point. If CID_C is not belong to CID_G, 
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we believe that the tracked device may have left, and 
the tracked device start the GPS function. If the devices 
cannot get the GPS signal, the system will send the 
abnormal reminder to relatives. If the devices can get 
the GPS signal, the system will judge whether the GPS 
information located within the fence or not. If the GPS 

coordinates does not located within the fence, the 
system will send the abnormal reminder to relatives. If 
the GPS coordinates located within the fence, the 
system add the CID_C to the current fence base station 
set CID_G to correct the training materials and set next 
check point. 

 

 
Fig 3. The virtual electronic fences detection and notification process 
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IV. THE SYSTEM IMPLEMENT 
 
As shown in Fig 4, we use Google Map API v3 to build 
the virtual electronic fence range setting function (see 
Fig 4a). After setting the scope of the electronic fence, 

the user can also set the time zone of these fence (see 
Fig 4b). When the elders leave to fence range at 
abnormal time, relatives will receive the system 
notification automatically (see Fig 4c), and relatives 
can track of elders’ location continuously (see Fig 4d). 

 

 
Fig 4. The Snapshot of the system android app: (a) setting the fences range by relatives, (b) setting the fences time by relatives, (c) 

When the elders leave to fence range at abnormal time, relatives will receive the system notification, and (d) relatives can keep track 
of elders location. 

 
CONCLUSION 
 
The system design a virtual electronic fence detection 
function through setting time parameter and virtual 
electronic fence range. We propose a virtual electronic 
fence detection algorithms to detect the elders is 
beyond the electronic fence range at abnormal time or 
not. This algorithm using a variety of mobile 
positioning techniques to design the function. Among 
the acceptable of error, accelerate the positioning time 
and reduce device power consumption. When elders 
leave the electronic fence at abnormal time, the system 
will immediately inform relatives, and keep track of 
the elders to ensure their safety, to reduce the risk of 
dementia patients getting lost. The study propose a 
new concept of tracking for elders, to reduce the risk of 
elders get lost. 
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