
 

 

 

Abstract—Human body temperature is one of the important 

parameters of physical condition in terms of health. For example 

hospital in Indonesia, regular premature babies monitoring is usually 

performed every 3 hours by nurses. This is done by checking the 

babies temperature and regulating the condition of incubator room so 

that babies temperature is always at the range of 36,5-37,5 ºC. This 

final assignment expected babies to be monitored all the time by 

nurses by implementing this system using data transmission through 

ZigBee network. Moreover, this system had sms as a notification for 

doctors or nurses if there’s any extreme temperature change (hyper- 

or hypothermia). The result of the test showed that the accuracy of 

temperature captured by system was up to ±0.5 °C compared with 

existing digital thermometers. Performance test scenario of data 

transfer, such as RSSI was influenced by distance interval and 

presence of obstacles. 
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I. INTRODUCTION 

ODY temperature is a skin condition which can be   

measured by thermometers and could be categorized by 

several temperature assessment standards, such as: normal, 

hyperthermia, and hypothermia. Sense of temperature has two 

sub modalities which are coldness and heat. Cold or hot 

receptors serve to sense heat and body temperature regulation 

reflex. These receptors are helped by receptors in central 

nervous system.  

By measuring reaction time, it can be said that conduction 

velocity of coldness is faster than conduction velocity of heat. 

Fluctuating body temperature may be influenced by several 

factors, such as nutritional status, activities, organ disorders.  

Therefore, to discover health status, body temperature is 

often performed regularly, particularly for several diseases of 

disorders which require regular body temperature monitoring, 

i.e. Malaria and Dengue Fever in which body temperature 

since being infected until recovery is always fluctuating. 

Temperature monitoring is also performed on birth defects 

such as premature babies. In a condition where a baby is born 
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prematurely, body temperature monitoring should be done 

regularly, usually every 3 hours, by nurses or doctors by 

regulating the condition of incubator room so that the baby’s 

temperature stays in the range of 36,5-37,5 ºC [1].  

Therefore, there are many benefits to monitor someone’s 

body in the field of health. Remote body temperature 

monitoring system using ZigBee technology by placing body 

temperature sensor nodes on patients is used to that nurses and 

doctors can monitor from PCs in their rooms and it doesn’t 

require manual monitoring by visiting patients. This is 

because IEEE 802.15.4 is a high level communication 

protocol with a large wireless network and is energy efficient 

due to low bandwidth, which is maximum 250 kbps [2]. Data 

transmission is on 2,4 GHz frequency (free and can be used all 

over the world) and supports various network topologies such 

as star, cluster, and mesh [3]. 

Based on the background above, the formulations of the 

problems are as follows: 

1)    How is temperature value from the developed 

monitoring system compared with actual temperature 

value?  

2)    What is the furthest distance between nodes in ZigBee 

network when sending data? 

II.  THEORETICAL BASIS 

A. ZigBee 

ZigBee is the combination of Zig and Bee. Zig means 

zigzagging movements and Bee is an insect. ZigBee has 

communication characteristic similar to communication 

between bees which make irregular movements to relay 

information on the presence of honey to other bees. ZigBee is 

a technology which focuses on low data rate, low energy 

consumption, low cost, wireless network protocol target for 

automation and remote control applications. IEEE 802.15.4 

Committee and ZigBee Alliance merged and decided on 

ZigBee as the commercial name of this technology [4]. 

ZigBee in the beginning was designed for a small network 

which relies on data dispersion from each device. ZigBee is 

made according to market demand which requires a network 

which consumes low energy, reliable and safe. Therefore, 

ZigBee Alliance works with IEEE to make a network the 

market demands. 

Implementation Wireless Sensor Network of 

IEEE 802.15.4 on Human Body Temperature 

Monitoring System  

Rahmat Yasirandi Hasjim, Vera Suryani, and Andrian Rakhmatsyah 

B 

International conference on Innovative Engineering Technologies (ICIET’2014) Dec. 28-29, 2014 Bangkok (Thailand)

http://dx.doi.org/10.15242/IIE.E1214059 51



 

 

Several characteristics of ZigBee are as follows [5]: 

1)    Work at 2,4 GHz, 868 MHz and 915 MHz frequencies, 

in which these frequency ranges are free, i.e. 2,4-

2,4853 GHz, 868–870 MHZ, and 902-928 MHz, and 

each frequency width is divided into 16 channels. 2,4 

GHZ frequency is used nearly all over the world, while 

the applications for 868 MHz frequency range are used 

in Europe, while 915 MHz is used in North America, 

Australia, etc.. 

2)    Have low energy consumption. 

3)    Maximum transfer rate for each data at each bandwidth 

is 250 Kbps for 2,4 GHz, 40 Kbps for 915 MHz, and 

20 Kbps for 868 MHz. 

4)    Have high Throughput and low latency for small duty 

cycle. 

5)    Reliable data because it has hand-shaked protocol for 

transferred data. 

6)    Have several types of topology such as pear to pear, 

mesh, and many more. 
ZigBee has 2 modes used to handle that, i.e. beacon mode 

and non-beacon mode. In Beacon mode, at first devices in the 

network will wait for transmission (beacon) from the 

coordinator which will send it periodically. When the message 

sent is finished, the coordinator will determine schedule to 

send beacon again. While waiting, the device can go back to 

sleep mode until the set schedule and coordinator also enters 

sleep mode until the next beacon. To handle other traffic, non-

beacon mode can be used. In beacon mode, present devices 

will enter sleep mode, and will wake up for data when 

necessary, so that the coordinator should always be in active 

state. Every management mode has drawbacks. For example, 

in beacon if devices are late in waking up from sleep mode or 

wake up too early, they may miss beacon signals. So that 

accurate timing is required in using it. While in non-beacon, if 

when data is sent the coordinator is receiving another data, the 

sent data will be missed by the coordinator.  

B. Xbee ZB 

XBee ZB is the device of ZigBee. Zigbee packet data can 

be sent by broadcast or unicast. Unicast transmission sends 

data from one source to one destination, while broadcast 

transmission sends data from one source to many destinations. 

In this case XBee provides two types of sleep mode, which are 

Pin Sleep and Cyclic Sleep [6]. Every time module wakes 

from sleep mode (wake), module will ask (poll) coordinator 

for 100ms whether the coordinator has buffer to send to the 

nodes which as for the poll or not. 

C.  RSSI (Received Signal Strength Indicator) 

RSSI (Received Signal Strength Indicator) is an index 

which shows the strength of signal received on the interface of 

antennae, can be used to analyze signals received from BTS. 

Generally, TRX modules from BTS detects the strength of the 

signal received then send the strength of signal from antennae 

interface based on the link gain of the receiver. If the signal is 

too strong or too weak, RSSI high or low then RSSI alarm 

will emerge. Normal RSSI in ZigBee is around -88 dBm to 4 

dBm so nodes can communicate well [7]. RSSI is also 

influence if there’s someone between receivers and 

transmitters, especially if the obstacles are wide such as glass 

door or wooden door, then RSS index will increase [8]. 

D. Body Temperature 

Body temperature is the difference between the amount of 

heat produced by body and the amount of heat lost to outside 

environment. Locations of body temperature measurements 

are: core temperature is relatively constant temperature of 

internal tissues such as rectum, tympanic membrane, 

esophagus, pulmonary artery, bladder and surface temperature 

such as skin, axillary, oral. Sense of temperature has two sub 

modalities which are coldness and heat. Cold/hot receptors 

serve to sense heat and body temperature regulation reflex. 

These receptors are helped by receptor in central nervous 

system. By measuring reaction time, it can be said that 

conduction velocity of coldness is faster than conduction 

velocity of heat. 

There are 2 types of body heat: 

1)    Core temperature is the temperature of internal tissues 

such as abdominal cavity and pelvic cavity. Core 

temperature is relatively constant. Most effective 

locations to measure core temperature: tympanic 

membrane, esophagus, pulmonary artery, bladder, 

rectal. 

2)    Surface temperature is temperature at subcutaneous 

tissue and fat. Surface temperature will increase or 

decrease as a response to the environment. Most 

effective locations to measure surface temperature: 

skin, axillary, oral. 

Normal human body temperature varies in a day. When 

sleeping, body temperature is lowed then when awake or 

performing activities. Measurements taken in different body 

positions also produce different results. Temperature 

measurement can be done in several points in the body such as 

tympanic membrane, skin and axillary. 

TABLE I 

COMPARISON BETWEEN TEMPERATURE TYPES 

Type of Body 

Temperature 

Hypothermia 

(°C) 

Normal 

(°C) 

Hyperthermia 

(°C) 

Skin <32.9 33 – 37 >37.1 

Axillary 

(armpit) 
<34.6 34,7 - 37,3 >37.8 

Tympanic 

membrane (ear) 
<35.7 35.8 - 38 >38.1 

Skin is an easy location to take body temperature as a type 

of surface temperature. Locations to measure body 

temperature are palms or between knuckles, although room 

temperature influences skin temperature.  

Axillary location to identify body temperature is arm folds 

or known as armpits. This temperature type was selected 

because many medical practitioners make axillary temperature 

as temperature included in determining someone’s physical 

condition. 
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Tympanic membrane is one of the locations of 

measurement of core temperature which could be used in the 

developed system. This selection was because: easy to reach, 

i.e. in ear hole, change of position required is minimal, 

provides accurate core reading, and doesn’t disturb patients. 

III. DESIGNING AND IMPLEMENTING SYSTEM 

Human body temperature monitoring system was designed 

so that monitoring could be done remotely. Fig. 1 represents 

that this system was divided into 2 places which were 

patient’s rooms or rooms of monitored and monitoring rooms 

or doctor’s rooms which were connected by ZigBee wireless 

sensor network as the data transmission technology.  

 

Fig. 1 Flowchart of system 

The data was then sent by sensors to gateway in doctor’s 

rooms. In doctor’s rooms, there are devices which acted as 

gateway to receive temperature data response sent by rooms 

where the sensors were located. The devices were then 

connected to doctor’s computers so that doctors could see the 

result of temperature data captured by sensors. Patient body 

temperature could be seen in the monitoring result of sensors 

from computers, so supporting devices which can manage 

captured data more easily, i.e. hardware and software, are. By 

dividing by ZigBee topology, there were 2 sides of this 

system, which were: Coordinator node and End node. 

 

Fig. 2 Design of system 

Coordinator Node has full authority or known as Full 

Function Device (FFD), while End Node is a type of device 

which can put itself to sleep or known as Reduced Function 

Device (RFD). Waking sleeping nodes or usually called 

wakeup will be automatic if coordinators send data to End 

node. Coordinator node will send data in unicast (specifically 

to set id End node) as handshaking sign to start continuous 

data transfer to Coordinator node. 

A. End Node Device 

To support the functions mentioned above, End nodes 

required several supporting devices such as: 

1)    Arduino Uno, as a microcontroller which could be 

codes using Arduino language. 

2)    Sensor LM35, temperature sensor which could capture 

temperature using current in mA. 

3)    XBee S2, as a device to build communication in 

ZigBee network and make End node as one of the 

nodes in that network. 

4)    Xbee Shield, as a device to connect Xbee S2 and 

microcontroller Arduino Uno. 

5)    LCD 16x2, as a device to display temperature in End 

node devices. 

6)    Potentiometer, to set screen brightness of LCD 16x2. 

Universal AC-DC Adaptor, as power supply to change 

home voltage from 220 volt into 1,5 volt to 12 volt. 

B. Coordinate Node Device 

In developing Coordinator node supporting devices were 

required in the implementation, i.e.: 

1)    XBee S2, as a device to build communication in 

ZigBee network and make Coordinator nodes one of 

the nodes in that network. 

2)    XBee USB, is a device to make serial communication 

between XBee S2 and computers so that computers 

could make several orders to XBee S2. 

3)    Personal Computer, to operate functions and procedure 

to be planted in this system, especially in Coordinate 

nodes. 

4)    GSM modem, as a device to run SMS gateway. 

C. Digital Thermometer 

Thermometers are a device to measure temperature and 

temperature changes. The term thermometer comes from Latin 

word thermo, meaning temperature, and meter, meaning 

measuring. In current technology, there are many kids of 

thermometers, including digital thermometer. Digital 

thermometer was used as a benchmark for the accuracy of the 
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developed body temperature monitoring system. Digital 

thermometers use metal as temperature sensor which expands 

and the expansion is translated by electronic series and 

displayed in numbers to be read. Selected digital 

thermometers had medical standard and are sold in 

apothecary. 

D. Testing Scenario 

1. Accuracy Testing Scenario  

There are several types of human body temperature, such 

as: axillary in the armpits or thigh folds, rectal in the anus, 

oral under the tongue, tympanic membrane in the ears, and 

skin of skin surface. Human body temperature has 2 types, are 

normal and abnormal measures (hyperthermia and 

hypothermia).  

Therefore, system testing was performed on body 

temperature measurement devices which have accuracy and 

are used in the field of medication. Today, one of the devices 

to measure temperature is digital thermometer. Based on 

several types of body temperature, axillary area in armpits or 

thigh folds, tympanic membrane in ears, and skin of skin 

surface were selected as measurement media in various 

conditions of body temperature. Measurements were 

performed on 5 different people for every temperature type. 

The order of every measurement of types of temperature isn’t 

the same in everyone, because not everyone wanted to be 

measured for those three types of temperature. For example, 

someone only wanted to be measure on the skin. 

2. Distance Testing Scenario 

RSSI as an index of strength of signal between nodes was 

an important factor to put End node and Coordinator node 

devices. There were several scenarios in testing transferability 

in this ZigBee network, i.e.: regular distance interval without 

obstacle between coordinate node and end node that is showed 

by Fig. 3, and regular distance interval with obstacle between 

coordinate node and end node that is showed by Fig. 4.  

 

 

Fig. 3 Node mapping at LOS(Line Of Sight) scenario 

 

Fig. 4 Node mapping at NLOS (No Line of Sight) scenario 

Declaring about X, it is a distance multiple of 10 that begin 

from 10 m until a maximum distance. At LOS scenario, X 

declares distance between coordinate node and end node. And 

at NLOS scenario, X declares distance between obstacle 

which has 15 cm thickness and end node. The purpose of 

these scenarios was to discover the proper distance to transfer 

data between nodes in ZigBee network with RSSI. 

IV. TESTING AND ANALYSIS 

A. Analysis of Accuracy Testing Scenario  

Body temperature measurement in human may be done in 

various body parts, such as: axillary in the armpits or thigh 

folds, tympanic membrane in the ears, and skin on skin 

surface. Body temperature measurement which has accuracy 

and is commonly used is digital thermometers.  

Based on Table II, Table III, and Table IV above, the result 

of measurements of body temperature on skin, axillary, and 

tympanic membrane between digital thermometers and the 

developed system on 5 different people was not very different. 

Temperature measurement on skin by using digital 

thermometer or developed system had temperature deviation 

between 0,13 °C and 0,37 °C.  

Temperature measurement on axillary had temperature 

deviation between 0,15 °C and    0,31 °C, temperature 

measurement on tympanic membrane had temperature 

deviation between 0,05 °C and 0,32 °C. The measurement 

results of several types showed that digital thermometers and 

the developed system didn’t have significant difference in 

measurement. Overall temperature deviation captured by the 

system was between 0.05 °C and 0.37 °C compared with 

temperature captured by digital thermometers. These 

measurement results were within tolerance of accuracy of 

LM35 sensor which was +-0.5 °C [9]. 
 

TABLE II 

RESULT OF MEASUREMENT OF SKIN TEMPERATURE 

Person 

number   

Captured Temperature 

(°C) deviation 

(°C) 

Hyper/ Hypo/ 

Normal Digital 

Thermometer  

Developed 

System 

1 34.5 34.13 0.37 Normal 

2 37.8 37.94 0.14 Hyperthermia 

3 33.5 33.37 0.13 Normal 

4 37.2 36.95 0.25 Hyperthermia 

5 34.6 34.82 0.22 Normal 

 

TABLE III 

RESULT OF MEASUREMENT OF AXILLARY TEMPERATURE 

Person 

number   

Captured Temperature 

(°C) deviation 

(°C) 

Hyper/ Hypo/ 

Normal Digital 

Thermometer  

Developed 

System 

1 36 35.72 0.28 Normal 

2 37.9 37.75 0.15 Hyperthermia 

3 35.4 35.13 0.27 Normal 

4 36.8 36.63 0.17 Normal 

5 35.6 35.29 0.31 Normal 
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TABLE IV 

RESULT OF MEASUREMENT OF AXILLARY TEMPERATURE 

Person 

number   

Captured Temperature 

(°C) deviation 

(°C) 

Hyper/ Hypo/ 

Normal Digital 

Thermometer  

Developed 

System 

1 36.7 36.43 0.27 Normal 

2 38.7 38.65 0.05 Hyperthermia 

3 35.9 36.16 0.26 Normal 

4 36.2 36.12 0.08 Normal 

5 37.2 36.88 0.32 Normal 

B. Analysis of Distance Testing Scenario 

This communicability could be seen in RSSI (Received 

Signal Strength Indicator) in 2 path conditions between 

Coordinate nodes and End nodes, which were: LOS (Line of 

Sight) or unobstructed path and NLOS (No Line of Sight) 

obstructed path.  

TABLE V 

RESULT OF MEASUREMENT ON UNOBSTRUCTED PATH 

Trial 

Number 

Received Signal Strength Indicator (-dBm) 

10 m 20 m 30 m 40 m 50 m 60 m 70 m 80 m 90 m 

1 60 62 66 66 72 76 80 84 92 

2 61 63 65 67 72 74 82 86 93 

3 60 64 64 67 69 76 82 84 90 

4 58 62 64 68 69 78 79 85 89 

5 58 62 65 69 71 75 80 86 90 

AVERAGE 59.4 62.6 64.8 67.4 70.6 75.8 80.6 85 90.8 

MIN 58 62 64 66 69 74 79 84 89 

MAX 61 64 66 69 72 78 82 86 93 

 

 

TABLE VI 

RESULT OF MEASUREMENT ON OBSTRUCTED PATH 

Trial 

Number 

RSSI (-dBm) 

10 m 20 m 

1 60 62 

2 61 63 

3 60 64 

4 58 62 

5 58 62 

AVERAGE 59.4 62.6 

MIN 58 62 

MAX 61 64 

Table V and Table VI show the results of RSSI 

measurements on unobstructed path and obstructed path for 

every 10 m interval with 5 experiments. Unobstructed path 

reached 80 m interval in RSSI -85 dBm almost to the 

threshold of good signal index for zigbee transmission, which 

was           -86 dBm. The graph also shows an increase in line 

with the increase of distance interval between nodes.  

While a range is over 90 m transmitter nodes were often 

“unable to send” data. In obstructed path, it only reached 20 m 

interval which was       -87 dBm for RSSI and for a range over 

30 m transmitter nodes were “unable to send” data. RSSI 

measurements are strongly influenced by obstacles between 

communicating nodes, causing the interval of the scope of 

ZigBee network in obstructed path to be relatively shorter 

than unobstructed   path [8]. 

C. Analysis of Distance Testing Scenario 

This system could be implemented in hospitals or public 

health centers if nurse’s rooms and patient’s rooms were next 

to each other and the width of patient’s rooms wasn’t over 20 

m. This could be done if between nurse’s and patient’s rooms 

there were wall with ±15 cm thickness. For hospitals or public 

health centers with monitoring rooms or nurse’s rooms and 

patient’s rooms not next to each other should add end nodes 

which were changed into router nodes as signal amplifiers. 

Then coordinator nodes and router nodes could be placed on 

the ceiling in the halls while router nodes were in front of 

patient’s rooms where end node devices were located. 

V. CONCLUSION 

This human body temperature monitoring system was 

designed and analyzed successfully. Based on testing result of 

accuracy scenario showed that the compared with digital 

thermometers, so it could be used as body temperature 

measurement which was feasible to use and when this system 

was implemented at public health centers. Especially this 

research was leveraged the advantages of ZigBee to health 

filed. Some of the future researches could also be discussed 

about extended in health field that more complex or another 

field such as agriculture, livestock and others.  
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