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Abstract— Remote monitoring system is a part of Internet of 
Thing (IoT) application whether in healthcare, logistic or even 
agriculture. The system consists of several nodes including 
wireless sensor node which is a compulsory end-device part in 
remote monitoring system for data acquisition and processing. 
This paper discusses the available design of wireless sensor node 
from different hardware and interfaces, comparison and 
reasoning of the available design for the hardware such as the 
microcontroller and transceiver. A propose design provided in 
this paper using an ARM based microcontroller for raw data 
processing and nRF24L01 transceiver in wireless communication 

Keywords— Remote monitoring system, LPC2103 
Microcontroller, DHT 11, nRF24L01  

I.  INTRODUCTION  

Fast development in networking, internet connection, 
security and also technologies made the idea of Internet of 
Things (IoT) possible in our time. In [1], the term IoT clarified 
as a connected set of anything including human, time, service 
and even networks which made the object become smart and 
ideal for connecting and interacting with others to share its 
information. The application of IoT varied from healthcare 
such as in [2], [3], [4], [5], [6] to agriculture in [7] and also 
building structure monitoring in  [8]. All the readings related to 
the concept of remote monitoring system consist of a few 
important parts, which are the sensor nodes, router or gateway 
and the database. The sensor nodes are where the data 
acquired, pre-processed and arranged in packet based on the 
protocol used in a remote monitoring system, since the sensor 
nodes are all scattered, a wireless system is compulsory for 
data communication compared to disorganize and complex 
cabling system. The router or gateway is a network connector 
which overcomes the wireless range limit if the system requires 
larger network area. Next is the 

Fig. 1. Show a remote monitoring system for multiple ECG patients [3] 

database of the system where the data analysis and display take 
place. An example of remote monitoring system is depicted in 
Figure 1. The sensor nodes serve as the raw data acquisition 
and process before it is transmitted to the next node. A reliable 
data is mandatory for a monitoring system to maintain its 
accuracy and reliability. Therefore, a good design of wireless 
sensor node is an obligation for a proper data analysis in 
remote monitoring system.  

The purpose of this paper is to review the available designs 
from others in the literature review in Section II and also 
discusses the design based on the paper reviewed in Section III. 
A novel proposed design of wireless sensor node is provided in 
section IV and finally the conclusion of this paper in Section V. 

II. LITERATURE REVIEW 

Research in [3] states the study for a wireless 
communication solution for multiple patients in a single 
physiological monitoring system as shown in Figure 1. 
Wireless Patient Portable Unit (WPPU) or the sensor node is 
directly applied to the patient for data collection. The 

Fig. 2. Show the wireless sensor node or WPPU from journal in [3]. 

Fig. 3. Show the general node used in sensor node and repeater in [9] 
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Electrocardiogram (ECG) signals that processed by ECG 
Amplifier and Noise Cancellation circuit for amplification and 
filtering of raw data before proceeds to the RF network End 
Devices Board (Z430F2274-RF2500). The Z430F2274-
RF2500 board as shown in Figure 2 is a wireless 
microcontroller module consists of MSP430F2274 
microcontroller board and CC2500 transceiver developed by 
Texas Instrument that offer features such as 16 bit RISC 
architecture with specialty in ultra-low power consumption 
compared to other available microcontrollers and built in 10-bit 
ADC eliminating the need of external ADC. The processed 
analog data received by the wireless microcontroller module 
are then converted into digital data and next wirelessly 
transmitted to the receiver end of Wireless Access Point Unit 
(WAPU). Based on the results in [3], the carrier frequency 
above 2.460 GHz is chosen to avoid Wi-Fi interferences. The 
acceptable packet loss for ECG signals are less than 5% which 
means the applicable range between WPPU and WAPU is less 
than 20 meters range. Thus, to overcome the range limitation, 
additional router is suggested. 

 Paper in [6] introduced a system to monitor the blood 
pressure (BP) in low power consumption and real time to be 
displayed at the nodes and surveillance center. The sensor node 
provided with blood pressure sensor (BP3000T), ARM 7 based 
processor which is a 32-bit RISC LPC2103 controller by NXP 
which consisted of 8 input channel of analog to digital 
converter (ADC) and also a real time clock (RTC) which an 
ease for a software clock display. While, a Zigbee 
communication module, alarm circuit, button module and also 
LCD display are the rest of the sensor node parts as shown in 
Figure 4. The system works only by transmitting the BP data 
and alarm information in packets when the BP exceeds the 
threshold value. This way, the power consumption is reduced 
by only transmitting the crucial BP level. This sensor node 
gives advantages such that it is more convenient than the 
conventional blood pressure monitor to be monitored widely 
and continuously from many patients at once. Based on the 
result, the data collected are accurate and the sensor need a 
calibration before used due to zero drift as mentioned in Result 
section in [6]. 

Based on [8], a structural health monitoring system to 
measure the structural health of a building to gives continuous 
monitoring and avoid death casualties due to structural 
collapse. This node designed using cortex M3 Arm controller 
and Xbee transceiver using the Zigbee protocol for the sensor  

Fig. 4. (a) Show the sensor node 1 connection while (b) show the sensor 
node 2 connection [9] 

nodes as shown in Figure 7. The sensors provided in the node 
are accelerometer, temperature and humidity sensors. LPC1768 
ARM Cortex-M3 based microcontroller provided with 512kB 
Flash memory and 64kB Data memory that eliminates the need 
of external memory also in built 12-bit ADC and integrated 
power management that reduced power consumption. The test 
held on a 3 phase AC motor, the collected data received by the 
base station were analyzed. From the test, the vibration test 
result clarifies the sensor node ability to capture very low level 
vibration that is (~2 mg). 

In [9], wireless system for water quality monitoring 
designed and tested on 2 different pools. 2 sensor nodes with 
different sensors are connected as in Figure 4(a) and 4(b). 
Sensors that are used in the system are the residual chlorine 
meter (RC-24P) with RS-232 interface, ISFET (Ion Sensitive 
Field Effect Transistor) with readout circuit and temperature 
sensor (DS18B20). As in Figure 3, the node consists of 
MPC82G516A microcontroller is the processing unit 
meanwhile nRF24L01 as the communication unit. Additional 
component such as external timer and step up DC-DC 
converter were also use to meet the circuit requirement.  Other 
than the external clock not in the sleep mode, the sleep time of 
the nodes were longer than the working time, so it has become 
a critical condition to be valued on overall power consumption 
of the sensor node. Based on the result, a total power 
consumption of 27mA with input voltage 3V was achieved.  

In [10], the cold storage system for fruits stated needing a 
monitoring system in such large storage for preventing 
deteriorations of fruits using sensor nodes based on Figure 6 
which consist of sensors, Arduino Board microcontroller and  

Fig. 5. Show the sensor node block diagram for the cold storage system [8] 

 

Fig. 6. a) show the block diagram of sensor node, while b) show the 
hardware of the sensor node [8] 

 

(a) (b) 
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Zigbee module for the wireless communication system. The 
sensors used are temperature, humidity, carbon dioxide 
concentration and light intensity. ATmega328p from the 
Arduino Family comes with features such as built in 10-bit 
ADC. The Zigbee module was connected directly to the 
Arduino board as shown in Figure 6. The LEDs work as the 
indicator for each sensor used. When one of the sensors does 
not meet the threshold value, the LED will light up as a 
warning sign and the monitoring PC also give warning to the 
users. Based on the result, the data below threshold value gives 
the desired output and alarm. Carbon dioxide concentration is 
constant due to the lab environment. 

III. COMPARISON DISCUSSION 

Based on Table 1, the sensor node information are collected 
from journal [3], [6], [8], [9] and [10]. Comparisons are made 
based on the processors capability such as the memory size and 
operating voltage. The wireless module also compared based 
on the type of transceiver and the network protocol. 

The sensor node physical architecture has several 
similarities in device usage such that these devices are 
compulsory in basic design for the sensor node. Firstly, the 
sensors used depend on the function of the system. Next, the 
microcontroller used as data storage and processing the data to 
be collected in packet before sent to the last stage of sensor 
node system, the wireless module. The wireless module which 
composes of transmitter and receiver device sends the data 
packet through a transmitter on the sensor node and is received 
by the receiver at the other node. From the comparison table, 
the MSP 430 processor in [3] and ARM processors in [6] and 
[8] are competitive processors as mentioned by Hopkins, E. in 
[11]. But the ARM Core M3 processor is on the winning side 
for its power, price and performance [11]. The transceiver 
module varied from CC2500, nRf24L01, MC13192 and Xbee  

TABLE I.  SHOW THE 5 SELECTED PAPER COMPARISON  

that shows different range in communication distance. 
Given in table, the Nordic’s transceiver in [12] give the best 
range compared to other transceivers which is between 30 
meter to 100 meter. 

These sensor nodes are different from each other based on 
other additional devices used such as the use of a level 
converter to avoid the connected chip or microcontroller IO pin 
from being damaged, for example the RS232 is used to connect 
between Zigbee module and the microcontroller. While the use 
of amplifier and noise cancellations are depicted in [3]. Others, 
the use of alarm circuit is shown in [6] to alert doctor or the 
caregiver . The use of these devices depends on the output 
signal produced by the sensor. If the sensors are in direct use, 
the sensor node would be as simple as in architecture in [8],  
where the microcontroller has a built in ADC for analog data 
conversion which reduced the external devices usage in one 
sensor node. In [10], the use of LEDs as a control display that 
give warning when the threshold value not met. 

IV. THE PROPOSED DESIGN OF WIRELESS SENSOR 

NODE 

For a wireless sensor node design, there are 4 essential 
devices need to be considered which are the sensor, 
microcontroller, power supply and the wireless module as 
discussed in previous section. These devices are chosen based 
on the comparison given in section III. The general block 
diagram of proposed wireless sensor node as illustrated in 
Figure 8. 

The sensor used is DHT 11 which is a temperature and 
humidity sensor for environmental data acquisition, an ARM 
microcontroller for data pre-processing and nRF24L01 
transceiver for wireless communication between the sensor 
node and base station. The use of signal  conditioning as in [13]  
depends on sensor used in the node, since the microcontroller 
already have built in ADC, the signal conditioning circuit can 
be stashed out from the system. Finally, 3V power supply is 
supplied to the sensor node given the requirement voltage of 
microcontroller and transceiver in [14] and [12]. 

The LPC2103FBD48 microcontroller, an ARM7 based 
architecture is chosen for its simple size memory, 32kB Flash 
and 8kB RAM, high performance and low power consumption 
from 1.65V to 3.6V of 32-bit RISC processor useful for real 
time data monitoring and as addition for the variable peripheral 
interfaces option which incorporate of 2 UARTs, 2 fast I2C 
buses, an SPI and SSP. A 10-bit built-in ADC reduces the need 
of external ADC and hence, minimizes the design cost and 
size. Meanwhile, the Real Time Clock (RTC) provides a 
simple way to program the clock for display purpose [14][15]. 

JOURNAL [3] [6] [7] [9] [8] 
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Fig. 7. Show the propose block diagram of the sensor nodese design 

 

Meanwhile, the wireless communication on the sensor 
nodes, Nordic RF module labelled nRF24L01 is chosen from 
the basic feature mentioned in [12]. The ideal current usage for 
this Nordic RF in transmit, receive, power down and idle mode 
are 11.3mA,12.3mA, 900nA and 22µA respectively as yielded 
in [12] which currently better than Zigbee, Xbee also other 
transceiver mentioned in Table 1. The transceiver’s effective 
communication distance ranged from 30m to 100m on open 
space as experimented in [16] and [17] . The distance can be 
extended if using an operational amplifier circuit as in [18] and 
[19]. The results in [19] shows the distance achieved by the 
transceiver using different value of the op- amplifier. 

This sensor node can be powered by harvesting energy 
from solar energy such as in [20] or even an electrostatic 
kinetic energy in [21] or simply battery usage in [22] are 
optional for powering the wireless sensor node. The proposed 
node will be supplied with power from AA alkaline battery 
based on the environmental conditions.  

V. CONCLUSION 

In this paper, a sensor node design is discussed based on 
five different wireless sensor nodes as depicted in Section III. 
All of these nodes cover wide range of its application from 
medical, structure to agriculture. Based on these designs, we 
found that 4 important devices are needed to design a node 
which can be found in Section 4 alongside with our proposed 
design. Besides, we managed to accumulate the differences and 
similarities of these sensor nodes as in Section III The 
proposed design consist of an ARM7 based processor, 
LPC2103 controller, Nordic radio frequency transceiver, 
nRF24L01 for communication purpose, a temperature and 
humidity sensor, a single DHT11 and battery for voltage 
supply. 
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TABLE II.  SHOW THE TYPE OF HARDWARE TO BE USED FOR THE PROPOSE 
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