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ABSTRACT 

This paper proposes a wireless model for real-time data 

acquisition using Arduino and LabView. It produces a study 

on how to use Xbee modules for wireless communication in 

both, Transparent mode and API mode (Zigbee), and compare 

them using X-CTU software. As a practical application of the 

proposed system, the temperature of a water tank is acquired. 

Then, it is transmitted wirelessly through Xbee modules using 

Zigbee protocol to a monitoring and control interface 

designed using LabView, where the measured values are 

displayed through a chart and saved electronically in an Excel 

file. Then, the control signals from a PID controller (designed 

in LabVIEW) are transmitted to an operating system 

represented by a relay, where the water is heated according to 

the desired setting value. Practical test results show the good 

efficiency of the designed system and its ability to acquire 

data wirelessly in real-time with a range of up to 1200m. 
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1. INTRODUCTION 
Data acquisition is a process of measuring a physical or 

electrical phenomenon such as voltage, temperature, pressure 

and sound which requires a particular form of monitoring. 

These signals represent the state of the physical process and 

must be collected, analyzed and processed to generate other 

signals to control external equipment or connect with other 

systems [1]. A computer-based data acquisition system 

consists of a combination of hardware and software to obtain 

represent and store measurements according to requirements 

[2]. 

Recently, LabView has become increasingly important in 

industrial applications particularly in control applications. It 

provides a graphical programming environment that is easy to 

handle and allows system simulation in real-time through data 

collection models [3]. On the other hand, Arduino has become 

one of the most popular electronic controllers because it is 

open source and affordable compared to other controllers 

(such as PLC) [4]. In addition to the increasing use of wireless 

communication technologies and wireless sensor networks 

(WSN) in control systems and data collection. Due to its 

flexibility and ease of setting up rather than wired systems. 

Wired systems impose restrictions due to conduction and 

energy consumption. These restrictions increase the cost of 

data collection system and limit the number and location of 

sensors that can be used [5]. Therefore, in this research, a 

wireless data acquisition system has been designed using the 

Zigbee protocol, which is distinguished from other available 

wireless technologies like Wi-Fi and Bluetooth, by low 

energy consumption and low data transfer rate. That makes it 

an ideal solution for data transferring in industrial systems 

which are often measurements of sensors. So these systems do 

not require a high data rate, but low energy consumption and 

adequate coverage [6]. Based on the fact that most modern 

control systems require that the system is able to display data 

collected in real-time as well as store it in an appropriate 

electronic format (Documentation) to analyze and draw 

conclusions from it [7]. So this research provides a model for 

a low-cost wireless data collection system geared for control 

purposes. 

2. REVIEW OF RELATED WORKS 
This section presents some related works: 

In [8] a compact system with small dimensions was designed 

to collect data and wirelessly control devices located in 

remote locations that are difficult for the user to go to obtain 

data. Data collected by a sensor is sent to a PC continuously 

every minute and the user can control DC Motor speed using 

a wireless RF connection. It was found that wireless 

technology eliminates the possibility of electrical noise, but it 

is limited in bandwidth and coverage. The researchers also 

pointed out the possibility of using other wireless 

communication technologies like IR and Bluetooth. 

In [9] LabView was used to design a system that monitors and 

controls hall parameters (meetings or lectures) such as 

temperature and CO2 ratio. The ELVIS group creates a 

connection between sensors and sends the information 

collected to LabView. The system has been effective and able 

to operate in real-time, with the possibility of easily 

modifying its software according to the processes required. 

In [10] the factory temperature control system was designed 

manually and automatically. The value of the factory 

temperature is read by the LM35 sensor and then the analog 

input is converted to digital value using the Arduino 

controller. The LabView environment has been used to 

display and storage operations. The researcher pointed to the 

existence of other software to design the control system, but 

LabView is the simplest. Also, the researcher recommended 

the addition of other equipment and an advanced sensor 

module and testing it to replace the analog method of data 

collection. 

3. IMPORTANCE AND OBJECTIVES 

OF THE RESEARCH 
The importance of the research is to reduce the cost of data 

acquisition systems currently available through the use of 

virtual software and open source technologies in design. It 

also studies the importance of the use of wireless sensors in 

automation and control and identifies the appropriate 

protocols for them. In addition to the implementation of a 

laboratory model useful in covering part of the practical 

aspect in educational laboratories. The model will be designed 
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to obtain radio signals and use LabView software to give 

control commands and display data. 

The aim of the research is to design a low-cost water tank 

temperature control system that meets the following 

specifications: 

 Suitable for educational purposes. 

 Suitable for industrial Control applications (reverse-

feed) where it can be generalized to control the 

temperature of any other application. 

 Based on open source components and software. 

 Data collection wirelessly. 

 Monitor data and save it using the Labview 

environment. 

 The possibility of expansion (Hardware and 

Software). 

4. SYSTEM DESIGN 

4.1 Selection of system elements 
The following are the physical components that have been 

chosen to design the proposed system with specifications: 

 Temperature Sensor:  

The DHT22 sensor has been chosen as an accurate 

temperature sensor, whose measurement range extends 

from        to       , with accuracy       , with an 

operating voltage (3.3V – 6V). The sensor output is a numeric 

value that does not require any external elements to be 

connected. It has been chosen because of its high accuracy 

long life, cheap price and easy connection with the chosen 

Arduino controller. Figure 1 shows the shape of this sensor. 

 

Fig 1: DHT22 Sensor 

 The controller: 

 Arduino has been chosen, an open-source electronic platform 

built using a chip with a microcontroller from ATMEL 

because it is available at affordable prices and is easy to 

program. There are different types of Arduino families, and 

Arduino UNO has been chosen as the cheapest and it meets 

the needs of this project. Figure 2 shows the Arduino UNO. 

 

Fig 2: Arduino UNO 

 Wireless communication module: 

 Xbee modules have been chosen because they support the 

Zigbee protocol and have good compatibility with Arduino 

[11]. It is a programmable microcontroller designed to 

establish a radio wireless connection consisting of a small 

antenna and 20 ports, most of them are digital ports and some 

are analog requiring a voltage of 3.3V that allows serial 

communication over distances of 100m to 1500m. There are 

many types of Xbee families that differ from each other in a 

number of factors. The S2C Xbee model has been used with a 

3mW transmission card, a coverage range of up to 1200m and 

a data transfer rate of 250Kbps. Figure 3 shows the Xbee S2C 

module. 

 

Fig 3: Xbee S2C module 

 Linking the controller with the communication 

module: 

To achieve the connection between Arduino and Xbee S2C 

the Xbee Shield has been used because it achieves high 

compatibility. Xbee Shield contains basic protection circuits 

such as the voltage regulator circuit. It receives the feed and 

the grounding through the ICSP ports, so Arduino feed and 

grounding ports remain available for external circuits. This 

unit connects the Xbee transceivers with the Arduino 

transceivers respectively, and the Arduino 8-13 digital ports 

remain available to connect external sensors. Figure 4 shows 

the Xbee Shield. 

 

Fig 4: Xbee Shielder 
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 Linking with PC:  

In order to connect the computer to the Xbee module, the 

Xbee Explorer is usually used for the purpose of setting and 

providing a USB port, and a 3.3V feed voltage. However, due 

to its high cost, a method has been found to connect Xbee 

with PC using Arduino by using 'Male to Female' type 

connections, so that the same result can be obtained at the 

lowest cost. Here, it should be noted that the empty code 

should be uploaded to Arduino and then the connection shown 

in Figure 5 should be made. 

 

 

Fig 5: The connection method without using Xbee 

Explorer. 

The following table shows how to connect the Arduino with 

the Xbee module. 

Table 1: Connecting Arduino with Xbee 

Xbee Arduino 

Pin10 GND Pin 

Pin1 3.3V Pin 

Pin2 Tx Pin 

Pin3 Rx Pin 

 

 Operator Circuit Design:  

As with most controllers, the Arduino control signal is of low 

voltage and cannot control high voltage (or high power) 

equipment, so a circuit must be designed to provide control 

over high voltage devices. The design of the operator circuit is 

based on the use of a relay (electromechanical element). 

Figure 6 shows the designed circuit. 

 

Fig 6: The designed circuit 

4.2 Xbee modes 
The Xbee module supports several types of data transmission 

and reception. Two main modes can be distinguished: 

Transparent and API. 

Initially, the two Xbee modules were set up and the 

connection between them was established. One was run as 

Coordinator and the other as Router, according to the 

parameters in the following table through the X-CTU software 

[11]. 

Table 2: Xbee modules setup parameters 

Parameter Coordinator Router 

ATID 3332 3332 

DH 13A200 13A200 

DL 41740EF4 41740FBA 

BD 19200 19200 

 

4.2.1 Transparent Mode 
The network has been tested in the Transparent Mode. In this 

mode, the Xbee module passes the information exactly as 

received. We tested using X-CTU software. Figure 7 shows 

the application of the test in Transparent Mode. 

 

Fig 7: Connection testing in Transparent Mode 

Here a text message was sent from the router to the 

coordinator, and then a text message was sent from the 

coordinator to the router. Blue indicates the sent characters 

and red indicates the received ones. It is possible to exchange 

data in this mode in both directions in real-time and with good 

reliability. 

 

Fig 8: Test in Transparent Mode 
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4.2.2 API Mode 
The network is then moved on in API Mode, where the data 

are transmitted through the serial interface in structured 

packets in a specific order. In this mode, the Xbee module 

deals exclusively with frames of data, and this enables to 

create a complex connection between devices without having 

to build a special protocol. Each frame of data consists of 

several fields (each field defining a specific property). There 

are many types of data frames that differ from each other in 

the data field components, depending on their function. For 

example, sending a message will need three types of data 

frames:  

 A sender sends a Transmit Request frame that contains 

the target address and the message, which may be a text 

message or data from sensors. 

 The receiver receives a Received Packet window 

containing the transmitter address and message. 

 The sender receives the Transmit Status window and this 

indicates whether the transmission was successful. 

Here, a test of this mode has been conducted, where a text 

message was sent from the router to the coordinator with 

specific characters (Hello) using X-CTU software to verify 

the above and testing the possibility of making Xbee module 

in API mode. First, the router has been entered to construct 

the Transmit Request data frame, define the target address, 

and include the message to be sent (Hello), and then the frame 

was sent to the coordinator (see Figure 10). 

 

Fig 10: Test in API Mode 

It can be seen that the Received Packet is received in real-time 

by the coordinator containing the message sent (Hello) and 

the Transmit Request is received by the router contains a 

Delivery Status field that includes (success) to inform the 

router that the transmission has been successful. That ensures 

reliability in sending and receiving data. 

4.2.3 Comparison of the two modes Transparent 

and API  
Based on the results of the previous tests, it has been found 

that in both types the data were received in real-time for a 

network of two nodes, but API mode is more reliable than AT 

mode. Therefore, it is recommended using it in high-reliability 

network applications with more than two Xbee nodes because 

in this case, it will be the fastest and easiest mode in the 

application. In AT mode the nodes must be reset every time 

they are sent to a new target node to define the sending on the 

new target node’s address, while API mode does not require 

that. However, if the network is made up of only two nodes 

and does not require high reliability, the AT mode will be the 

most suitable for ease of application. For the system proposed 

in this research, it requires speed and high reliability. 

Therefore, the API (Zigbee) mode is the most suitable. 

5. BUILDING THE PROPOSED 

MONITOR AND CONTROL SYSTEM 
The following figure, Figure 11, shows the block diagram of 

the proposed model. 

 

Fig 11: Temperature control block diagram  

The block diagram shows how the system works to control the 

temperature of a water tank, where the user determines the 

desired temperature (Setpoint) through a program performed 

in the LabView software environment [12], so that the PID 

controller, programmatically designed within LabView 

compares the value of the temperature sensed by the 

temperature sensor, which is collected wirelessly (using Xbee 

modules), with the desired temperature (Setpoint) and based 

on the difference between the two temperatures, the controller 

gives the command to the operator (rely), which runs the 

heater. The heating device continues to function until the 

measured heat value is equal to the desired heat value and the 

controller gives the operator a disconnection command. 

The monitoring interface for the designed control system is 

built as shown in Figure 14, through which the measured 

temperature can be read instantaneously. A measured 

temperature graph is displayed (graph at the bottom and right 

of the interface) and a PID controller output graph (graph at 

the top and right of the interface). It can also set the desired 

temperature value (setpoint) and set the parameters of the PID 

(  ،  ،  ) to get the best response. Figure 12 shows the block 

diagram of the designed interface. 

 

Fig 12: Control panel application in LabView 
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Fig 13: Block diagram application in LabView 

The Arduino controllers have been programmed using 

Arduino IDE software and linked with the Xbee modules by 

including the XBee-Arduino library. Figure 14 shows the 

control system that has been implemented. 

 

Fig 14: The overall system 

6. RESULTS AND DISCUSSION 
The system has been operated using API mode, and the 

parameters of the PID controller have been set with the 

following values       ،       ،          which have 

been selected using the experimental method and by selecting 

the desired temperature at (setpoint = 40). The system has 

been shown to work well. It collects the temperature 

wirelessly in real-time and has a coverage range of up to 

1200m. Figures (15a, 15b) show the system response when 

the temperature is below the desired set value where the relay 

is in the ON state to provide the energy needed to heat the 

water. 

 

 

Fig 15a: System response when the temperature is below 

the setpoint 

 

Fig 15b: System response when temperature is below the 

setpoint 

Figures (16a, 16b) show the system response when the 

measured temperature is higher than the desired setting value 

and here the relay switches to OFF to stop heating. 

 

Fig 16a: System response when the temperature is above 

the setpoint 
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Fig 16b: System response when the temperature is above 

the setpoint 

Also, the temperature sensor readings are saved electronically 

in the Excel file to return when needed. 

 

Fig 17: Record temperature measurements in an Excel 

file. 

7. CONCLUSIONS AND 

RECOMMENDATIONS 

7.1 Conclusions: 
A set of conclusions can be drawn depending on the results of 

the research: 

1. It works well and is capable of collecting data 

wirelessly coverage range up to 1200m and the 

coverage area can be increased by using the newer 

Xbee module, but that would be at the expense of 

cost. 

2. Capable of real-time data collection which makes it 

suitable for real-time applications such as industrial 

control applications. 

3. Low cost and scalable as it has been designed using 

free open-source software. 

4. It has low power consumption as it uses the Zigbee 

protocol which has this important feature. 

5. Able to save the data collected electronically with the 

possibility of setting the parameters of the PID 

controller programmatically through the application 

implemented in the LabVIEW environment. 

7.2 Recommendations: 
1. The system can be used to monitor many variables 

such as humidity, pressure, fluid level, etc. using 

appropriate sensors and to automate various 

applications such as alarms, fans, and others. 

2. The system can be improved using artificial 

intelligence algorithms in controlling PID variables 

for the best response.  

3. The power consumption of the system can be 

improved by setting up the Zigbee Sender node to 

act as a terminal node instead of acting as a router. 
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