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Abstract: In this paper, an adaptive network based fuzzy inference system (ANFIS) 
combining a location awareness system (LAS) is used to to develop an application of 
patient’s position monitoring system. The setup procedure of LAS is carried out in advanced, 
then the ANFIS is designed to demonstrate the performance of the proposed methodology. 
From experimental and simulation results, satisfactory performance of LAS for patient’s 
position monitoring can be achieved. 
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1 Introduction 

The purpose of this paper is to construct a location awareness system (LAS) [1] 
based on an adaptive network based fuzzy inference system (ANFIS) [2]. The 
technology of LAS is based on the protocol of wireless sensor network (WSN) [3-7]. 
The LAS is composed of the gateway, location nodes, server, client monitor, 
controller unit, etc. A variety of control techniques can be achieved by using the 
advantages of low cost and low power consumption technology of WSN. Many 
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applications of WSN have been developed successfully. The well known WSN is 
based on the IEEE 802.15.4/ZigBee standard to define the layers of network so as to 
achieve benefits of low cost and low power consumption. 

The indoor LAS uses the received signal strength indication (RSSI) method to 
determine the estimated distances of each location of sensor node [6], then uses a 
least-squares trilateration (LST) algorithm [7] to calculate the concerned node 
location. The most attractive advantage of indoor LAS is that it can substitute the 
global positioning system (GPS) for indoor positioning applications. This is 
because the GPS can not receive / transmit any satellite signals indoor because of 
many obstacles of building. The LAS has been used in many university or institute 
for the research purpose; this LAS is named i-Tracer system produced by Fontal 
Technology Inc. Taiwan [2]. By using the i-Tracer, many indoor LAS applications 
can be developed. In this paper, the patient’s position monitoring methodology is 
proposed. 

ANFIS has been proposed many years ago and widely used in research works [2]. It 
reveals an efficient learning network and its applications can be found in many 
articles. ANFIS is a suitable off-line hybrid learning network to serve as a basis for 
constructing a set of fuzzy if-then rules with appropriate membership functions to 
generate the stipulated fuzzy associated memory (FAM) input-output pairs and 
fuzzy rules. Then a fuzzy inference system (FIS) matrix can be achieved. By using 
this FIS matrix, a reliable controller can be designed. The MATLAB™ has provided 
very useful, powerful and friendly tools for engineers to design this ANFIS 
controller [8]. 

The research topics about patient’ applications have been grown recently due to the 
great interest among people. Some topics have been developed such as health 
insurance system [9], advisory decision monitoring patients system [10] or remote 
health monitoring system [11], recognizing of human activity system [12] and 
nursing homes for elderly patients system [13]. The above mentioned articles have 
demonstrated good and useful benefits for patients’ applications. Based on this 
reason, LAS is used and is combined with ANFIS to develop the position 
monitoring system for some special requirements of patients. 

In this paper, the LAS will be demonstrated first then it will be applied for the 
patient’s position monitoring. In empirical test, good performance of position 
monitoring of LAS are possessed. This method also takes great benefits for 
reducing many burdens of nurses or doctors for caring the patients’ positions. 

2 Anfis-based Location Awareness System (LAS) 

An indoor LAS considers only indoor environments such as inside a building. The 
location of users or their devices called ‘Tag’ can be determined by the server of 
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LAS. From this definition, LAS can work all the day and can offer useful position 
information of the ‘Tag’ of LAS. The LAS used in this paper is called i-Tracer, it 
can calculate the signal path loss due to signal propagation attenuation or RSSI. For 

example, if there are three location nodes, three path losses can be denoted as 1pl , 

2pl  and 3pl , the location of tag ‘A’ can be calculated by means of Least-Squares 

Trilateration (LST) methodology as shown in Fig. 1. The values of path losses or 
RSSI will be varied according to the distances between the Tags and location nodes. 
Near distance will induce larger RSSI value and vice versa. All data can be stored in 
the database of LAS by Structured Query Language (SQL) and Java language 
programs. The LAS is constructed by 3 servers to manage the data processing, 
positioning and monitoring. 
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Figure 1 

The concept diagram of least-squares trilateration (LST) 

The ANFIS is a useful tool developed by intelligent learning algorithm to identify 
the membership function’s parameters to generate reliable fuzzy inference systems 
(FIS). It uses the method of least-squares methods to train FIS membership function 
parameters from a given training input/output data set. The principle of ANFIS is 
described below [2]: 

iR : If 1x  is 1iA  …and nx  is inA  then ininii rxpxpu  ..11  (1) 

where iR  denotes the ith fuzzy rules, i=1, 2,..,j; ikA  is the fuzzy set in the 

antecedent associated with the kth input variable at the ith fuzzy rule; and 

ini pp ,...,1 , ir  are the fuzzy consequent parameters. 

Based on the weighted averaged method of defuzzification, the output u  can be 
calculated as 
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where iw  is the ith node output firing strength of the ith rule; and 
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Because the fuzzy inference system is a Takagi-Sugeno (T-S) type, i.e. 

ininii rxpxpu  ..11 , equation (2) can be rewritten as 

 jjuwuwu  ..11  

 11111111 )()(..)( rwpxwpxw nn   

         



 

jjjnnjjj rwpxwpxw )()(..)( 11  . (3) 

A neural network structure of ANFIS is shown in Fig. 2. There are five layers which 
includes input layer, input membership function layer, rule layer, output 
membership function layer and output layer. All the parameters of layers can be 
trained by typing command in MatlabTM window. By means of ANFIS-based 
control methodology, the designed methodology can be carried out. The overall 
design conceptual diagram is shown in Fig. 3. 

 

Figure 2 

Diagram of ANFIS architecture 
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Figure 3 

Conceptual diagram of ANFIS based LAS for patient’s position monitoring 

3 Experiment and Simulation Results 

3.1 Experiments Implementation 

For the experimental tests, the aforementioned values of path loss or RSSI will be 
varied according to the distance between the location nodes and tags. One of the 
LAS experimental results diagram is shown in Fig. 4, the tag is worn on the puppet 
neck. The LAS is constructed by 3 location nodes to manage processing data and 
monitoring tag’s location. The experimental test is carried out by using three 
location nodes and one tag. At first, the gateway should be connected successfully; 
then the message diagram of LAS is shown in Fig. 5. It shows that one gateway and 
three location nodes are setup successfully. One of experimental tests of Tag of 
‘9043’ is located near location node 3 which is shown in Fig. 6. This diagram is 
corresponding to Fig. 4 (a). The tag number will be displayed beside the nearest 
location node. In this program, the actual analogue to digital (A/D) value will be 
normalized as hexadecimal values from 0x00 to 0xFF. Finally, data of the LAS 
experiment results diagram is shown in Fig. 7, the tag of number ‘9043’ is near the 
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location node 3. By using i-Tracer graphic user interface (GUI), the data can be 
appeared in the screen and stored in database of SQL. From Fig. 7, for example, the 
first socket data begins with label of #31 is useful; the meaning of the first string 
received in the first line of Fig. 7 is explained by marked in bold as follows: 

#31;9043;04;0008;2493;E4;0008;0000;B4;0008;0001;96;0008;124A;90;2D. (4) 

It means that the Tag number is ‘9043’ and it has received four hexadecimal values 
of path loss or RSSI, these are E4, B4, 96 and 90, respectively. All these data will be 
stored in database by SQL program and can be fed to ANFIS system to construct a 
patient’s position monitoring system. The SQL database is installed successfully 
and can be started to work such as in Fig. 8. 

3.2 Simulation Demonstration 

For the simulation, the position data should be got in advance. So LAS must be set 
up appropriately at first. From the concept of Fig. 1 to Fig. 3, the path loss values or 
RSSI between tag and location nodes will be stored in LAS server. All necessary 
data can be achieved by using SQL language program such as in Fig. 8. In 
simulation, one tag is extended to three tags which are used to verify the proposed 
monitoring methodology. For simplicity, one case is explained as follows. One of 
the simulation results are shown in Fig. 9. The inference ANFIS output value is 
normalized from 0 to 1. If the patient’s position is away from the suitable position, 
the ANFIS value will be reduced down; on the contrary, if the patient’s position is 
near the indicated position, the ANFIS value will be high. If the value is lower than 
the threshold value, then the alarm signals such as sound, image or light will be 
issued. In this condition, nurses or doctors can take care or pay more attentions to 
that patient. For example, from Fig. 9 (a) of this simulation, patient of tag 1 has left 
his room; the ANFIS will alarm the signal because it has low fuzzy inference value 
HC= 0.0167 which is lower than the threshold value of 0.5. On the other hand, when 
all patients are in rooms the result is shown in Fig. 9 (b), it has high fuzzy inference 
value HC= 0.981; the ANFIS will not alarm any signals. 

The ANFIS-based LAS for patient’s position monitoring in this paper just illustrate 
an example of patient’s position monitoring. There are many other applications can 
be developed by this LAS such as smart light systems, intelligent indoor navigation 
systems and firefighting rescue systems, etc. From this example, it demonstrates 
that the experimental and ANFIS-based LAS simulations have been successfully 
established; meanwhile, the good patient’s position monitoring performance is 
achieved. Normally, three location nodes are necessary for the LAS, but if the 
accuracy of system is an important issue, more location nodes can be used to 
increase the accuracy of this system.  
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Figure 4(a) 

The architecture photograph of LAS 
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Figure 4(b) 

The concept diagram of LAS 
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Figure 5 

The successful connection diagram of LAS 

 

 

Figure 6 

The diagram of LAS for Tag of ‘9043’ is located in location node 3 
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Figure 7 

Diagram of implementation of i-Tracer graphic user interface (GUI) 

 

 

Figure 8 

Diagram of SQL database working for LAS 
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Figure 9 (a) 

The ANFIS inference result diagram (patient 1 has left the room) 

 

 

Figure 9 (b) 

The ANFIS inference result diagram (all patients are in rooms) 
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Conclusion 

In this paper, the design method for the application of patient’s position monitoring 
by using the adaptive network based fuzzy inference system (ANFIS) based 
location awareness system (LAS) is proposed. This study has successfully 
demonstrated the application of the LAS to monitor the location of patients. The 
physical implementations and simulations are also successfully demonstrated, 
which show this system has possessed the good performance of ANFIS-based LAS 
for the position monitoring of patients. 
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