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Abstract: 

A basic parameter for monitoring and diagnosing human health is the measurement of body temperature. For clinical as well as 

physiological studies measurement of body temperature is considerably important. Patient body temperature measurement is very 

important during the early stages of diagnosis and treatment. The use of thermometer and nowadays a digital thermometer are the 

conventional method of measuring body temperature. Measurement of the temperature of body means the ability to generate and 

get rid of heat. It is a chief indicator of normal health and functioning of body. Human body’s nature is to keep its temperature 

within a safe range in spite of variations in temperatures outside the body. The typical body temperature is 98.6 ° F ± 0.7°F. Patient 

health monitoring is a common thing done by doctors to monitor their patients’ health. Patient’s read time body temperature is the 

most crucial reading monitored by doctors.  
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1. Introduction 

One of the most often measured physical quantities is 

temperature. All systems physical, electronic, biological and 

mechanical exhibit some form of temperature dependence 

[1]. Several applications that are used for measuring the 

body temperature are mercury glass thermometer, tympanic 

ear thermometer, and probes thermometer. Measure of the 

degree of heat intensity is termed as temperature. Body 

temperature is an expression of its molecular excitation. 

Core temperature of human body varies from day to day, and 

from time to time, but these fluctuations are small, usually 

no more than 1.0ºC. Normal body temperature is regulated at 

about 37ºC ±1ºC and is homoeothermic. Hypothalamus in 

the thermoregulatory centre plays a very important role in 

keeping temperature of body in the normal range. Body 

temperature is influenced by external and internal heat 

sources. Temperature is taken to establish a baseline of 

normal body temperature for the location and measuring 

conditions. The main reason for examining body temperature 

is to check for any signs of infection or inflammation in the 

presence of fever or significantly high temperature above the 

individual's normal temperature. Other causes of high 

temperature include hyperthermia. The low temperature is 

termed as hypothermia [2]. Through a balance of the heat 

produced by the body and the heat lost from the body 

temperature of body is maintained. When the patient is at 

rest, the temperature also will change [3].  

 

Table 1: Temperature of a Healthy Human 

Temperature Effect 

44°C Almost death. Sometimes patient known 

to survive at up to46.5°C 

43°C Normally death/brain damage/cardio 

respiratory collapse 

41-42°C Fainting, confusion, very fast heart rate, 

convulsion, Low/high blood pressure 

38-40°C Severe sweating, dehydration, 

weakness, vomiting, headache, 

dizziness, fast heart rate, slightly hungry 

37°C Normal temperature 

36°C Mild or moderate shivering. May be 
normal temperature 

34-35°C Intensive shivering, numbness and 

bluish/greyness of the skin. Heart 

irritability. Confusion and Loss of 

movement of finger   

29-33°C Moderate to severe confusion or 

complete, sleepiness, progressive loss of 

shivering or stop, slow heartbeat, 

shallow breathing, unresponsive to 

stimulus and hallucinations 

24-28°C Breathing may stop. But mostly death. 

Sometimes patient known to survive at 

14.2°C 
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Table 2 : Human Body Temperature Range 
 

Body 

temperature 

range 

Hypothermia 

(low 

temperature) 

Normal Hyperthermia 

(high 

temperature) 

Baby (Birth 

to 2 years) 

36 oC 36 oC to  

37 oC 

37 to 38 oC 

Children (3 

to 12 years) 

36 oC 36 oC to 

36.77 oC 

38 oC 

Adult (13 to 

40 years) 

36.1 oC 36.1 oC to 

37.2 oC 

37.5 oC 

Elder(above 

40) 

35 oC 35.77 oC to 

36.94 oC 

37.44 to  

37.94 oC 

 

There are many factors that can affect the body temperature 

and every person has his or her own body temperature. Some 

basic aspects have to be considered when assessing body 

temperature namely the influence of normal 
thermoregulation, gender, ageing and site of measurement 

[4]. 

 

2. Technologies 

2.1. Infrared Temperature Sensor    

 Infrared temperature measurement technology is more and 

more receptive by businesses and manufacturers in recent 

years [5]. Infrared light works like visible light. It can be 

focused, reflected or absorbed. Handheld infrared 

thermometers typically use a lens to focus infrared light from 

one object onto a detector, called a thermopile. The 
thermopile absorbs the infrared radiation and turns it into 

heat. The more infrared energy, the hotter the thermopile 

gets. This heat is turned into electricity. The electricity is 

sent to a detector, which uses it to determine the temperature 

of whatever the thermometer is pointed at. The more 

electricity, the hotter the object is. The higher the 

temperature, the more electricity sent to the detector, hence 

the higher the reading [6]. 

 

2.2. Zigbee Technology     

Zigbee is a low-cost, low-power, wireless mesh networking 

proprietary standard [7]. It basically uses digital radios to 
allow devices to communicate with one another. A typical 

Zigbee network consists of several types of devices. Every 

Zigbee network must contain a network coordinator. Several 

topologies are supported by Zigbee, including star, mesh, 

and cluster tree. Zigbee compliant devices are sometimes 

specified to support point-to-point and point-to-multipoint 

topologies. They can serve as network routers or as devices 

that interact with physical world. The final device found in 

these networks is the Reduced Function Device, which 

basically only serves to interact with physical world. Zigbee 

operates in two main modes namely: non-beacon mode and 
beacon mode. Beacon mode is a fully coordinated mode in 

that all the devices know when to coordinate with one 

another. Non-beacon mode, on the other hand, is less 

coordinated, as any device can communicate with the 

coordinator at will [8]. 

 

2.3. Bluetooth Technology      

The Bluetooth is wireless, inexpensive and automatic. There 

are other ways to get around using wires, including infrared 

communication. Infrared refers to light waves of a lower 

frequency than human eyes that can receive and interpret 
data. Bluetooth networking transmits data via low-power 

radio waves. It communicates on a frequency of 2.45 

gigahertz. Bluetooth uses spread-spectrum to transmit data 

automatically. It is unlikely that two transmitters will be on 

the same frequency at the same time [9].  

 

2.4. WiFi Technology      

WLANs are the most popular means of access to the 

Internet. The proliferation of mobile devices equipped with 

WiFi interfaces, such as smart phones, laptops, and personal 

mobile multimedia devices, has heightened this trend. 
However, the performance of WiFi hotspots serving 

locations such as large conventions and busy airports has 

been extremely poor. In such a setting, more than one WiFi 

access points (APs) are required to provide wireless access 

to the Internet for many user devices (STAs) [10].Wireless 

Fidelity (Wi-Fi) includes IEEE 802.11a/b/g standards for 

wireless local area networks (WLAN). It allows users to surf 

the Internet at broadband speeds when connected to an 

access point (AP) or in ad hoc mode. The IEEE 802.11 

architecture consists of several components that interact to 

provide a wireless LAN that supports station mobility 
transparently to upper layers The basic cell of an IEEE 

802.11 LAN is called a basic service set (BSS), which is a 

set of mobile or fixed stations. If a station moves out of its 

BSS, it can no longer directly communicate with other 

members of the BSS. Based on the BSS, IEEE 802.11 

employs the independent basic service set (IBSS) and 

extended service set (ESS) 47network configurations [11].   

 

3. Techniques used for temperature monitoring  

3.1. Core Body Temperature Measurement Using Sensor    

  Many researchers and engineers have been working on real 

time and remote monitoring systems. “Non-Invasive 
Measurement of Core Body Temperature in Marathon 

Runners” was published by Kay R¨omer in 2013. The core 

body temperature is a well-known measure of the human 

body’s effectiveness in maintaining its operating temperature 

within a constant range. In case of prolonged exercise and 

extreme conditions, such as in Marathons and iron-man 

races, precise measurements of core body temperature can be 

used to optimize the athletic performance and detect health 

risks such as hypo- or hyperthermia. Each runner wears an 

unobtrusive body sensor that measures core body 

temperature at the tympanic membrane, skin temperature at 
the outer ear, ambient temperature in the proximity of the 

ear, and then transmits the collected measurements 

wirelessly. Support bikers following the Marathon runners 

on the track are equipped with wireless sink nodes that 

collect the measured data. With the help of a mobile phone 

collecting the current GPS position and acting as a gateway, 

the measurements are forwarded to a remote database, so 

that trainers and caregivers can monitor the physiological 

parameters of the athletes during the race and can 

immediately be alerted as soon as the risk for a circulatory 

collapse becomes too high. In principle, runners could carry 

the mobile phone themselves inside a pocket. Mobile phone 
is also used to record changes in the environmental 

conditions, such as presence of direct sunlight, wind, or 

shadow. Bikers have the task of signaling all these 

information by interacting with the mobile phone placed on 

the handlebar of their bikes [12]. 
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3.2. Wearable Physiological Sensors      
Another system has been designed by Mark. J. Buller, 

William J. Tharion, Reed W. Hoyt, and Odest C. Jenkins. 

The system is described in their work “Estimation of Human 

Internal Temperature from Wearable Physiological Sensors”. 

The system uses Evaluated Kalman Filter (KF) approach to 

model the physiology of internal temperature viewed 

through “noisy” non-invasive observations of heart rate. 

Human core body temperature (Tcore) is an important 

measure of thermal state, e.g. hypo- or hyperthermia, but is 

difficult to measure using non-invasive wearable sensors. 

Parameters for a discrete KF model are estimated from data 
collected during several Military training events and from 

distance runners (n=38). This state estimation problem in 

computational physiology illustrates the potential for 

collaboration between the artificial intelligence and 

ambulatory physiological monitoring communities 

[13].Wearable sensor nodes are required to be small in size, 

and consume low operating power. This is to ensure that the 

battery size is reduced, for longer durations. Due to physical 

structure, sensor node has limited battery power, computing, 

and communication capability. Wearable sensor node 

consists of micro-controller, analog to digital convertor, 
external memory, and power source [14]. 

 

3.3. Patient Temperature Monitoring System Using 

Bluetooth Communication 

Project focuses on measuring the temperature of the body 

and transmits them wirelessly with the help of Bluetooth. 

Since we are using Bluetooth we can receive the data to our 

mobile phone also in emergency. Here at transmitter section 

we have microcontroller, LM35 temperature sensor which 

communicate in analogue voltage.   It also contains buzzer 

which is used in emergency purpose by programming we can 

program such that alarm raises when the temperature 
exceeds the range of the body temperature or decreases the 

body temperature range. At the same time we find out the 

temperature of more than one person. Here we connect an 

LM35 IC which consists of three pins. In which one is VCC, 

GND OUTPUT. The output is in analogue voltage and 

increase in temperature results in increase in voltage and 

vice versa. The temperature output Is connected to the 

Analogue to Digital converter input of the lpc2148 [15]. 

 

3.4. A Wireless System for Body Temperature 

Measurement 
The system consists of a hardware module to measure the 

body temperature. This temperature is then sent over 

wireless personal area network like Bluetooth to a cell 

phone. Once the temperature is sensed, it is stored. Then the 

reading is sent to the cell phone via Bluetooth. Even any 

other mode of transmission to cell can be used but the reason 

behind using a wireless personal network between cell phone 

and transmitter through Bluetooth enables further 

advancement to include “temperature sensing” as one of the 

features of modern cell phones. Also the link between 

transmitter of sensing unit and cell phone’s Bluetooth is 

made permanent so that the data is not sent to any other 
device. Moreover it even provides protection against other 

network problems like unavailability of network for some 

time as in case of GSM. Also the range of Bluetooth is good 

enough in relation to this application. It introduces a system 

that includes an entire temperature sensing unit with a 

Bluetooth transmitter and an application (program) to 
display the temperature on cell phone. The system finds 

application in hospitals where a doctor can download the 

application and temperature readings from various patients 

will be displayed on his cell phone [16].  

 

3.5. Temperature monitoring and logging system suitable 

for use in hospitals, incorporating GSM text messaging 

A microcontroller-based temperature monitoring and logging 

system suitable for use in hospitals was designed and 

constructed. The features include ability to monitor a 

patient’s temperature on a continuous basis while displaying 
the instant result on a Liquid Crystal Display (LCD) device. 

The temperature monitored is logged in a memory device, 

Electrically Erasable Programmable Read Only Memory 

(EEPROM), located in the system at every 10 minutes 

interval and can be interfaced with a computer using USB or 

RS232 UART device. An ATmega16 AVR is used as the 

heart of the control and coordination of all the activities of 

the individual modules. It allowed a doctor at location from 

the patient to keep track of his patient’s condition while 

attending to other issues. It is designed to help manage the 

temperature of a patient that is possibly critically ill in the 
hospital or to monitor the temperature of other hospital 

operations such as preservation of drugs, foods and there 

likes. The design work is found to meet specification as it is 

capable of logging temperature on a continuous base and 

send text massage whenever a pre-set temperature is 

exceeded. The major limitation is that the accuracy of the 

measured value may have error of ± 0.5oC which may be 

improved upon by exploring other sensors and improving the 

ADC resolution [17].  

 

3.6. Locatable-Body Temperature Monitoring Based on 

Semi-Active UHF RFID Tags 
The project uses radio-frequency identification (RFID) 

technology for the real-time remote monitoring of body 

temperature, while an associated program can determine the 

location of the body carrying the respective sensor. The 

RFID chip’s internal integrated temperature sensor is used 

for both the human-body temperature detection and as a 

measurement device, while using radio-frequency 

communication to broadcast the temperature information. 

The adopted RFID location technology makes use of 

reference tags together with a nearest neighbor localization 

algorithm and a multiple-antenna time-division multiplexing 
location system. A graphical user interface (GUI) was 

developed for collecting temperature and location data for 

the data fusion by using RFID protocols. With a puppy as 

test object, temperature detection and localization 

experiments were carried out. The measured results show 

that the applied method, when using a mercury thermometer 

for comparison in terms of measuring the temperature of the 

dog, has a good consistency, with an average temperature 

error of 0.283 °C. When using the associated program over 

the area of 12.25 m2, the average location error is of 0.461 

m, which verifies the feasibility of the sensor-carrier location 

by using the proposed program [18].  
 

4. Conclusion 

Body temperature is a basic parameter for monitoring and 

diagnosing human health. Nowadays, many hospitals and 

physicians need reliable wireless monitoring system to 
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observe real time physiological signals from patients outside 
the hospital with reliable accuracy. There are many different 

types of diseases in the world, and there is also an increase in 

the number of patients. To avoid unexpected health problems 

and to obtain higher accuracy in diagnosis of the health 

conditions of a patient, efficient and comprehensive data 

collecting, monitoring and control play an important role to 

improve the health care system. 
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