Journal of Communications Vol. 12, No. 8, August 2017

Energy-Efficient Remote Temperature Monitoring System
for Patients Based on GSM Modem and Microcontroller

Sadik Kamel Gharghan
Department of Medical Instrumentation Techniques Engineering, Electrical Engineering Technical College, Middle
Technical University (MTU), Al Doura 10022, Baghdad-Iraq
Email: sadiq_gharghan@yahoo.com

Abstract —This study presents a real-time remote monitoring
system (RTRMS) for the temperature of patients admitted to
hospitals. A GSM modem was interfaced with microcontroller
PIC16F877A to alerts physicians in real time via short message
service (SMS) in emergency cases when the temperature of a
patient rises. A sleep/wake energy-efficient algorithm has been
implemented inside the microcontroller to reduce the power
consumption of GSM and microcontroller. The microcontroller
and GSM modem can be in a sleep mode when the temperature
of a patient is steady. Consequently, power consumption can be
improved and battery lifespan can be prolonged for RTRMS. In
addition, the measurement accuracy was confirmed relative to
the benchmark (digital thermometer) based on the mean
absolute error (MAE). Results show that the proposed RTRMS
is achieved 99% power savings relative to traditional RTRMS
(i.e., without sleep/wake algorithm). The obtained MAE of
0.205 suggested a close agreement between the benchmark and
the proposed RTRMS. The proposed system is a real-time
monitoring, applicable, cost-effective, and efficient means for
transmitting information because it utilizes the advantages of
the infrastructure of GSM network and features a ready mobile
device connected with physicians. In addition, the RTRMS can
be used in numerous applications and for others parameters
rather than temperature with simple modifications (e.g., heart
rate, respiratory rate, and electrocardiography for monitoring
health care, rehabilitation for monitoring gait speed and cadence,
and muscle activity and patient fall detection for safety
monitoring).

Index Terms—Energy-efficient, GSM modem, microcontroller,
mobile phone, Remote temperature monitoring, sleep/wake
algorithm

I.  INTRODUCTION

Real-time remote monitoring system (RTRMS) for
patients facilitates early diagnosis and prompt treatment
for risky diseases via wireless channels. Wireless
monitoring systems are continually becoming important,
especially in the case of patients who are outlying or
traveling and are far from a health care center. Using
wireless communication between mobile users has
become increasingly common because of the
developments in computer and wireless technologies.
RTRMS must be inserted in small wearable devices with
low cost and power consumption, and these devices
should feature an interface usable for patients.
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Technologies used in RTRMS, such as ZigBee [1], [2],
Bluetooth [2], [3], ANT [4], Wi-Fi [5], and GSM/GPRS
[6], [7], are incorporated. In these systems, the
physiological parameters of patients may be wirelessly
transmitted to the monitoring room of doctors or the
health care center. ZigBee, ANT, Bluetooth, and Wi-Fi
support low communication within the range of 10-100
m [8], thus limiting their applications specifically in
situations when extensive coverage is necessary such as
in the RTRMS context; therefore, using these wireless
technologies becomes futile. The communication range of
network for these wireless protocols can be extended
using router nodes at the expense of power consumption,
size, weight, and system complexity, which are
considered critical metrics in medical applications. This
work proposes RTRMS using GSM modem to eliminate
these constraints, specifically the power consumption and
communication range, as well as benefit from the
deployment of GSM network. The proposed RTRMS
comprises GSM modem (SmartG100), microcontroller
(PIC16F877A), and temperature sensor (LM35). The
microcontroller program is achieved using a Proton Basic
language, which employs Proton IDE Compiler software
[9] with AT Commands to the GSM modem.

The remainder of the article is arranged as follows.
Section 2 introduces the related works based on available
wireless  technologies. Section 3  describes the
construction of RTRMS. Section 4 explains the hardware
and software implementation. Section 5 introduces the
power consumption model of RTRMS, whereas Section 6
introduces the current consumption measurements of the
proposed monitoring system. Section 7 presents the
results and discussions of this work. The comparison with
previous works in terms of current consumption will also
be presented in this section. Section 8 summarized the
main conclusions of the paper and future research
directions.

Il. RELATED WORKS

Patient monitoring system was introduced based on
ZigBee wireless protocol in some studies [10]-[13].
However, ZigBee-based patient monitoring system
suffers from interference problems with another wireless
protocol that work in similar frequency band such as
Bluetooth and Wi-Fi, thereby affecting power
consumption and limiting communication range. Kim et
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al. solved the interference problem of ZigBee channels in
the presence of Wi-Fi network [10]. However, the
communication range of the ZigBee is limited. Power
consumption is reduced in wireless body area network
based on sleep/wake scheme [13], in which sensor nodes
can sleep most of the time when no sensing event occurs.
The communication range can be extended using multi-
hop ZigBee. An efficient transmission routing schedule
for the wireless patient monitoring system is necessary
for the multi-hop [11]. However, collision can occur
when using multi-hop in the network, and packet loss can
increase because all hop nodes work in the same
frequency band. System complexity and cost also
increase.

Smartphone is employed to monitor the vital signs of
patients through smartphone Bluetooth [3]. Tello et al.
[14] proposed a remote patient monitoring system that
sends an alert signal to medical staff in case of a medical
emergency. Temperature and electrocardiography (ECG)
are transmitted to Wi-Fi or GPRS networks via Bluetooth,
which communicate with the Bluetooth of mobile phones.
Cheng and Zhuang [15] proposed a patient monitoring
system based on Bluetooth to allow early detection of
Alzheimer’s disease. They employed Bluetooth wireless
protocol to track patient motion in indoor environments
where GPS is inefficient in indoor positioning [16]. The
tracking location can be stored in the database of the
proposed system and can be utilized when needed.
Magno et al. [17] presented a real-time application to
assist elderly patients in gait rehabilitation over a closed
loop feedback system. Bluetooth Low Energy (BTLE)
was used in sensor node, and it can be turned off to
reduce the power consumption of the sensor node when
communication is not required. However, BTLE
possesses a short communication range [18], [19] of up to
10 m [8], which makes it unsuitable for remote
monitoring.

Singh [20] employed GSM modem and ZigBee
wireless network to design and develop an energy-
efficient real-time patient parameter monitoring system,
which monitors temperature, ECG, heartbeat, and
position. Short message service (SMS) alerts are
transmitted to the pre-designed mobile number of
specialists in emergency cases using GSM modem
interfaced with ARM microcontroller. Tewary et al. [21]
designed and developed a smart wearable patient
monitoring system based on GSM. The system comprises
a three-axis accelerometer for patient fall detection and a
three-lead ECG to detect hypotension and cardiac
abnormalities. The system can also send reports to
healthcare specialists in real time in emergency cases to
consider the necessary steps. Aziz et al. [22] used GSM
to monitor the heart beat and temperature of patients in
real time and send an SMS to a specialized doctor in an
emergency case. In addition, a GPS is used in their work
to provide the position of the patient in real time. The
mobility of elderly people has been monitored in the
work of Scanaill et al. [23] based on SMS. Accelerometer
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sensor is used to monitor the mobility levels of the
monitored subject. An SMS alert is sent to the doctor in
charge when the movement level of the subject decreases.
Most of the preceding previous works were unable to
solve the shortcomings of power consumption and
communication range. The current work proposes
RTRMS that can resolve these problems. The power
consumption is reduced and the battery life is prolonged
of the RTRMS as well as the communication range is
extended using GSM network, where the disseminated
data of the proposed system can be monitored at remote
locations everywhere in real time. Moreover, the
measurement accuracy is verified relative to benchmark
device.
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Fig. 1. Proposed RTRMS architecture.

I1l. RTRMS ARCHITECTURE

Fig. 1 illustrates the proposed RTRMS architecture. It
consists of GSM modem (SmartG100), microcontroller
(PIC16F877A), temperature sensor (LM35), liquid crystal
display (LCD), buzzer, and power unit (rechargeable
battery 7.2 /1,000 mA). The main components of the
RTRMS can be described as follows.

A. Temperature Sensor

A temperature sensor determines the temperature in
Celsius or Kelvin. The precision integrated-circuit
temperature sensor LM35 was employed in this research
to measure the temperature of patients in Celsius. LM35
is a small three-pin integrated circuit (Fig. 2). Its power
consumption is less than 138 pA current drain, which is
appropriate for remote applications; it is also directly
adjusted in centigrade, resulting in low cost. This sensor
operates from 4-30V DC voltage, and it rises by 10.0
mV/<C in the linear scale factor. The output of LM35 is
analog 6 V— -1 V, which is uniformly linear over the
entire range and the temperature range of -55to0 +150<C
[24], [25]. LM35 creates a greater output voltage than
thermocouples [26] and does not require an amplified
output voltage; therefore, any external calibration is
unnecessary in providing an ideal accuracy of +£0.5 <C at
room temperature. The output voltage of LM35 is
transformed to temperature through soft conversion.
Generally, the temperature for a normal adult is
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approximately 37 <C. The general mathematical
expression used to transform the output voltage of LM35
to temperature is [27].

Temperature (°C) = V(100 °C/V) @

where Vout is the output voltage of LM35.

Therefore, if Vout is 0.37 V, then the temperature
become 37 <C. The output voltage of the LM35 linearly
alters with temperature. The R-C circuit, which is added
to the output impedance to remove the effect of
capacitive loads, also provides protection from radiated
interference from relays or any other source of electrical
noise [28]. The temperature sensor is connected to the
patient to check his/her temperature every one minute.

v
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Fig. 2. Schematic of temperature sensor LM35.

B. Microcontroller PIC16F877A

Microcontroller PIC16F877A, which is an 8-bit
microcontroller, was considered in this work. Because it
is a popular device with the following features: 8 K x 14
words of FLASH RAM, 256 x 8 bytes (EEPROM) of
data memory, 368 < 8 bytes of data memory (RAM), 8-
channel ADC with 10-bit resolution, on-chip USART,
watchdog timer, one 16-bit and two 8-bit timers, 14
interrupt sources, and PWM modules, high-performance
RISC microcontroller with only 35 single-word
instructions, and 33 bidirectional 1/0 pins forming five
ports (PORT A, PORT B, PORT C, PORT D, and PORT
E) [29, 30]. Given these benefits, Microcontroller PICs
are the preferred devices for real-time control
applications.

The microcontroller PIC16F877A employed in this
research works at 4 MHz frequency and executes each
instruction as fast as 1 6. This microcontroller is
considered the core of the RTRMS; it performs several
tasks. (i) It acquires data (i.e., the temperature of patients)
in real time, and the temperature can be converted to
digital signal. (ii) It sends the data of the temperature of
patients to GSM modem as SMS alert to be sent to the
mobile device of physicians via GSM modem. (iii) It
displays the temperature and case of the patient on the
LCD to be viewed by patients. (iv) It energizes the buzzer
circuit to provide an audible alarm in emergency cases. (v)
It puts GSM modem and itself in sleep mode for 60
seconds (i.e., no data transmission) to save the energy of
the RTRMS based on the proposed sleep/wake algorithm.

When the temperature of patients reaches to the preset
urgent or danger values, the proposed algorithm in the
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microcontroller energizes the GSM modem to transmit an
“Urgent” or “Danger” case to the pre-defined phone
number of physicians in the form of SMS alert. Therefore,
a fast medical care can be performed, reducing the risk
level of patients. By contrast, the microcontroller
provides a self-audible alert to patients with the display
function on the LCD located on the patients’ side or worn
by patients. In the absence of the increase in the
temperature of patients to preset levels, the designed
algorithm puts the microcontroller and GSM modem in
sleep mode to save the energy of the RTRMS.

C. GSM Modem

The GSM modem SmartG100 (MikroElektronika) [31]
was used in this work to transmit the temperature of
patients to the mobile device of physicians through GSM
network. The GSM module is a breakout board that
communicates with the microcontroller via AT
Commands. The protocol “AT Commands” was
normalized by the European Telecommunications
Standards Institute, allowing unlike systems to link via
“AT Commands” protocol [32]. The microcontroller
algorithm can send SMS alert to physicians when the
temperature of patients presents an emergency case. This
communication features the three following layers: (i) a
physical layer (i.e., GSM modem SmartG100), (ii) a link
layer, which is responsible for Asynchronous Serial
Communication Protocol (UART), and (iii) an
application layer, which is accountable for AT protocol.

The AT Commands are a line prefix. Two modes are
used to send SMS from the microcontroller via GSM
modem [33]: SMS mode and protocol description unit
(PDU) mode. The SMS mode is adopted in this paper.
First, the SMS mode can be defined using the AT
command “T + CMGF = 17; thereafter, the mobile
number of the physicians can be sent from the
microcontroller to the GSM modem by employing the AT
command “AT + CMGS.” Fig. 3 presents the snapshot of
the GSM modem SmartG100, which is a full-featured
development tool for the uBlox Leon-G100 GSM/GPRS
module. This modem has the following features [33, 34]:
(i) data transmission through uBlox Leon-G100
component, (ii) speaker connectors and microphone, (iii)
UART port to interface with microcontroller, and (iv)
power supply with 9-32 V DC or 7-23 V AC voltage.

2> male header is used for connection with
development system or microcontroller

-AC/DC power supply connector CN1

Marked pads CN6 are used for
accessing Leon-100G module pins

Power-on Leon-G100 model, press
and hold push-button for 1 sec

SIM card holder

GSM antenna screw

uBlox Leon-G100
GSM/GPRS module

Dip switches SW1 is used
to select Rx and Tx pins

Fig. 3. SmartG100 with uBlox Leon-G100 module.
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IV. HARDWARE AND SOFTWARE IMPLEMENTATION

The implementation of the RTRMS can be classified
into two components, namely, hardware and software

implementation, as described in the following subsections:

A.  Hardware Implementation
The snapshot of RTRMS hardware is shown in Section
VII (Fig. 7b). The configuration and operation sequence

of the RTRMS can be described as follows:

1. The temperature sensor senses the body temperature
of a patient and converts this temperature to a
variation in the output voltage of the sensor (0.37-
0.41) volt depending on the patient case. The
temperature sensor is interfaced with microcontroller
using PORTA (RAO).

2. The temperature sensor output voltage is transformed
to temperature in Celsius through simple conversion
built into the algorithm of the microcontroller
PIC16F877A using Equation 1. The microcontroller
algorithm energizes the microcontroller to display the
value and case of the body temperature of the patient
on the LCD to be viewed by the patient. In addition,
the microcontroller sends AT commands to the GSM
modem in an emergency case to send SMS alert to a
doctor regarding the body temperature of the patient.

3. The GSM modem is interfaced with the
microcontroller using a serial protocol UART. The
microcontroller PIC16F877A uses two 1/O lines, in
which one is for transmitting (Tx) data configured on
PORTC (RC6) and the other is for receiving (Rx) data
configured on PORTC (RC7); only the transmitting
line RC6 is used in this work. The serial port of the
GSM modem uses the same UART protocol to enable
communication with the microcontroller.

4. A SIM card is embedded in the GSM modem, and it
communicates with the mobile phone of the physician
via GSM network as SMS alert in an emergency case
when the temperature of the patient increases.

B. Software Implementation

The flow sequence of the proposed algorithm, which is
illustrated in Fig. 4, is conducted based on high-level
language Proton IDE Basic Proton program [35]. The
steps of the algorithm of RTRMS can be briefly described
as follows:

1. The microcontroller reads the temperature of a
patient. When this temperature is normal or is under
the emergency level, the proposed algorithm puts the
microcontroller and GSM modem in sleep mode for
60 seconds to save the energy of the RTRMS.

2. The microcontroller and GSM modem wake up after
sleeping. If the temperature of the patient increases to
the urgent or danger case, the proposed algorithm
induces the microcontroller to send the temperature of
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the patient to the GSM modem as SMS alert. In turn,
the GSM modem sends this SMS alert to the mobile
phone number of a physician (which is previously
defined in the algorithm of the microcontroller) via
GSM network. The SMS contains the name and
temperature case (urgent or danger) of the patient.

3. The proposed algorithm prompts the microcontroller
to display the temperature and case of the patient on
the LCD, in which the LCD is interfaced with the
microcontroller and is wearable by the patient. In
addition, the microcontroller energizes the buzzer to
provide an audible alert when the temperature of the
patient is in an emergency case (i.e., above 39 <) to
obtain medical assistance.

Declaration INPUT,
OUTPUT ports and variables

Setting of: UART, A/D, and l 1
LCD Audible alarm ON Audible alarm ON

[ Measure the patient's Send AT commands to GSM] [Send AT commands to GSM

Iemperature

Display !h; patient’s
temperature on LCD

Does the patient
temp.> 40 °C
NO

Does the patient
temp.>39 °C

NO
Microcontroller and GSM
modem sleep for 60 sec

Fig. 4. Flow chart of the temperature measurements of patients and
proposed sleep/wake algorithm.

Contact wnh the mobile
phone of the Doctor

Contact wnh the mobile
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Send SMS to Doctor ]
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V. POWER CONSUMPTION MODEL

This section provides a mathematical equation for the
average current consumption of RTRMS based on the
sleep/wake algorithm. This model simplifies the
calculation of the average current consumption of each
component in the RTRMS. Generally, the average current
consumption l,4 using sleep/wake can be expressed as
Equation (2) [36, 37],

_ tactive
Iavg -7 Iactive +(1-
total

t .
—active ) Isleep (2)

Ttotal

where tuiive and lugive are the transmission time and
current consumption of RTRMS in active modes,
respectively. lgeep is the RTRMS during sleep mode and

(tT“””’e) is the duty cycle of the sleep/wake, which is
tota

constant in this work and depends on tacive and Tiorar Tiotar IS
associated with the time spent on the duty cycle; it is
60.221 seconds in this work. t,ge iS a key parameter
governed by the time of the transmitted data of the
temperature of patients, which consumes 221 ms.
Therefore, the duty cycle is 0.00367. For this value, the
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RTRMS is expected to significantly improve power
consumption, which is crucial in medical applications.

The power consumption of RTRMS is based on the
current consumption by the three following components:
(i) temperature sensor LM35, (ii) microcontroller
PIC16F877A, and (iii) GSM modem. The average current
consumption of the RTRMS can be determined using
Equation (3).

IAvg_RTRMS =

IAvg_tempe‘rature sensor + IAvg_microcontroller + IAvg_GSM modem

@)

By substituting Equation 2 into 3, Equation (4) is
yielded.

factiv_pc

IAvg_RTRMS = IAvg_temperature sensor + Iactive_p.c +

Ttotal

tactive_uc tactive,GSM
(1 - Isleep,/,m + Iactive,GSM +
Ttotal Ttotal

Lactive GSM
(1 -tz

I
Ttotal ) standby_GSM

(4)

where Iyctive ye @Nd toceive uc are the active current
consumption and time durations for the microcontroller
PIC16F877A, respectively, and Igee, 4o IS the sleep
current consumption for the microcontroller. I,ctive gsm
and t,.ive gsy are the active current consumption and
time duration during the active state of the GSM modem,
respectively, and Isqnapy gsm 1S the standby current
consumption during the standby state of the GSM modem.
Equation (4) is employed to evaluate the average
current consumed by the RTRMS. Consequently, the
RTRMS lifespan (Ls) can be determined with Equation (5)
[38, 39].
Lo = Ipattery capacity (5)
lavg RTRMS
Where lpqitery capacity 1S the current capacity of the used
battery in the RTRMS.

V1. CURRENT CONSUMPTION MEASUREMENT

The current and time consumption for each component
of the RTRMS was measured using digital ampere meter
for active and sleep modes, as illustrated in Table I. The
table shows the current consumption for every component
in the RTRMS. Consequently, the average current of the
RTRMS of 3.087 mA obtained by applying Equation (4)
is lower than the current consumption of 315.138 mA in
conventional  operation (i.e., without sleep/wake
algorithm). Equation (6) [36] can be employed to
calculate the percentage power savings and evaluate the
performance of the RTRMS in terms of power savings.

Power savings(%) =

a

sleep
wake

RTRMS current consumption based on conventional operation

RTRMS current consumption based on: algorithm

) X 100%(6)
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TABLE |: AVERAGE CURRENT AND TIME CONSUMPTION OF EACH
COMPONENT OF THE RTRMS

Parameter Temperature Microcontroll GSM
sensor LM35  er PIC16F877 modem
SmartG100
Active current 0.138 mA 15 mA 300 mA
(Iactive) (always ON)
Sleep currentor  Cannot sleep 0.2 mA 1.6 mA
standby state (always ON)
(Isleep or Islandby)
Active time 60.221 0.221s 0.221s
(taclive)
Sleep time (teep N/A 60 s 60 s
or tslandby)
Total period 60.221 s 60.221 s 60.221 s
(Ttotal)
Duty cycle Always ON 0.00367 0.00367
(tactive / Ttotal)
Average current 0.138 mA 0.254 mA 2.695 mA

consumption

VII. RESULTS AND DISCUSSIONS

A. Simulation Results

The simulation results were obtained based on the ISIS
professional program [40]. The microcontroller algorithm
examines whether the temperature of a patient is normal
every 60 seconds. If the temperature of the patient is in an
urgent (i.e., 39<C) or danger (i.e., 41<C) case, the
microcontroller sends the temperature value of the patient
in a short time (i.e., 221 ms) to the GSM modem, which
in turn transmits the temperature to the mobile phone of a
doctor as SMS alert. By contrast, when the temperature of
the patient is in a normal case, the microcontroller and
GSM modem is in sleep mode for 60 seconds. The
transmitted data of the temperature of the patient can be
simulated using the DIGITAL ANALYSIS-PROSPICE
tool of the ISIS professional program.
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220.96ms.
Transmitted data

L L | L |
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(b)
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=

Fig. 5. Digital analysis of (a) transmitted data with sleep time and (b)
transmitted data for one packet.
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The digital analysis of the transmitted data is
illustrated in Figs 5a and b. Fig. 5a shows the transmitted
data in a fraction of time and sleep time (i.e., 60 sec),
whereas Fig. 5b presents the active transmission time (i.e.,
221 ms) for one data packet of the temperature of the
patient.

B. Experimental Results

42 T T T T
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Fig. 6. (a) Temperature measurements of patients relative to theoretical
and simulated values and (b) Errors of determined values of the
temperature of patients relative to theoretical values.

The output voltage of the temperature sensor LM35 is
plotted on the x-axis, whereas the measured, simulated,
and theoretical temperature values are plotted on the y-
axis (Fig. 6a). In the figure, the temperature
measurements were compared with the simulated and
theoretical values to validate the measurements of the
RTRMS. The figure shows a close agreement between
the determined values and theoretical values on one hand
and simulated values from the other hand. Fig. 6b shows
the errors of the measured values of the temperature of
the patient relative to the theoretical temperature values.
This figure also shows that the determined values deflect
from 0.2<C to 0.4<C. This deviation does not significantly
affect the measurement accuracy of the temperature of
the patient. The average temperature error was found to
be 0.24<C. This error approximately the same result that

©2017 Journal of Communications

presented by Wannenburg and Malekian in their work [3],
where the measurement error computed at 0.25 <C using
DS18B20 temperature sensor and Bluetooth wireless
protocol. The results showed that the adopted temperature
sensor LM35 is suitable for the temperature
measurements of patients. Figs 7a and b show the
snapshot of the RTRMS hardware in the case of urgent
and danger temperature of patients. The urgent or danger
case of the temperature of the patient is received by the
mobile phone (Nokia N8) of a doctor as SMS in real time,
which includes the name and temperature case of the
patient (Fig. 8).

To validate the RTRMS measurement accuracy, the
temperature measurements obtained by LM35 are
compared with those of a benchmark device, such as
digital thermometer which shown in Fig. 9. Fig. 10
confirmed a close agreement between benchmark and
obtained data of the proposed RTRMS, where the
correlation coefficient R? value is 0.987. In addition, the
mean absolute error (MAE) can be taken into
consideration to evaluate the temperature measurement
error as in Equation (7). The MAE was found 0.205 <C
which suggested minimal error.

1
MAE = ; €V=1 |Temp-benchmark_ Temp-RTRMS | (7)

where N is the measurement samples.

Voltage
regulator
+5volt
SIM card holder

Microcontroller
— PIC16F877A

T

“ ._
—
= 00IDWews B ..
= " -3

GSM modem

(b)
Fig. 7. RTRMS at (a) urgent case and (b) danger case.

C. Power Savings and Battery life Estimation

Implementation of the sleep/wake algorithm confirms
that this method can minimize the current drain of the
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RTRMS to 3.087 mA, thereby extending the battery
lifespan (Ls) to 324 hours using a rechargeable battery
with 7.2 /1,000 mAh. In addition, 99% of power can be
conserved (obtained from Equation [6]), which is relative
to the conventional operation without the sleep/wake
scheme that produces a current drain of 315.138 mA. The
Ls is 3 hours in the conventional operation. The L for a
specific battery capacity (lpatery capacity) Dased on Equation
(5) at the current usage of RTRMS is shown in the direct
relationship in Fig. 11. The figure also reveals the
development of current consumed by the RTRMS when
the sleep/wake algorithm is employed. The RTRMS using
sleep/wake algorithm is compared with the previous
works in terms of current consumption to validate the
proposed system.

a +064790276 XXXX

Patient’s s 7902760496:
ALIETE

name

Patient’s
temp. cases

Fig. 9. Benchmark (digital thermometer) adopted in the experiment.
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Temperature of digital thermometer (°C)
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Fig. 10. Correlation between RTRMS and benchmark.

Fourteenth reliable existing works [1], [4], [11], [12],
[17], [22], [41]-[48] similar to our work in terms of
medical applications which are measured the vital signs
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of patients (e.g., temperature) are considered for
comparison with our proposed RTRMS. These works
have employed different wireless technologies such as
GSM modem, ZigBee, and Bluetooth to transmit the
physiological parameters of the patients. Our proposed
RTRMS based on sleep/wake algorithm outperforms the
power consumption of these other studies with its current
consumption of 3.087 mA as shown in Fig. 12.
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Fig. 11. Expected battery life versus practical battery capability in the
RTRMS.
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Fig. 12. Bar chart comparing current consumption requirements for
existing works with proposed RTRMS.

VIII. CONCLUSION AND FUTURE WORK

In this work, the RTRMS was designed and conducted
to monitor the temperature of patients recumbent in the
hospital in real time. The proposed RTRMS can be used
in detecting the temperature of patients who are located in
remote places or mobile and cannot inform their
physician of their need for instant treatment. Patients can
stay at home and enjoy family life while their doctor can
check their temperature case upon receiving SMS alert
via mobile phone. A prototype was designed and
implemented to provide mobility to both physicians and
patients. The proposed RTRMS is an efficient system in
terms of measurement accuracy as well as power saving
because of its extended battery life based on the
sleep/wake algorithm, wherein the battery lifespan is
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prolonged to 324 hours, which is relatively more than that
in conventional operation (i.e., 3 hours). The results
showed that the power consumption of the RTRMS can
be improved based on the sleep/wake algorithm, in which
the obtained power saving is 99%. In addition, the current
consumption of the RTRMS was significantly reduced
relative to conventional system and some previous
research works which considered in this study. The
RTRMS presents a minimal error, where the MAE was
0.205 relative to the benchmark. The RTRMS offers
other advantages, such as real-time monitoring,
practicality, and low cost because it utilizes the
infrastructure of the GSM network and does not require
any additional component of the doctor except for
personal mobile phone. The temperature of patients may
be transmitted anywhere in the world as long as a GSM
network coverage is present and it can also be utilized as
a warning system for observation during usual sports
exercises or activities. The proposed RTRMS remains
restricted in the size of the microcontroller PIC16F877A
and the GSM modem (SmartG100), which are relatively
substantial. Therefore, reducing the size to make an easily
wearable device with low cost and power consumption is
planned in future works.
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