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Abstract

The quality and quantity of water supplied by high- level water tank directly affect
people's daily life. Most traditional water tanks use manual detection, which has high
detection cost and low data accuracy. In order to ensure the safety and continuity of high-
level water tank water supply, this paper designs a set of high-level water tank monitoring
system based on Internet of things. The system adopts TDS sensor and ultrasonic sensor to
monitor the water quality and water level of the water tank respectively, and transmits the
data back to the monitoring center for real-time monitoring through ZigBee —a wireless
communication protocol. The system can control water level automatically and alarm when
water is polluted. It has strong practical value and significance that ensures the safety and
stability of household water, and provides data support for the improvement of water tank
water supply in the future.
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1. Introduction

The high-level water tank is a secondary water supply method widely used in high-rise
buildings at present, but the water quality inside the water tank will inevitably be polluted to
a great extent [1]. Nowadays, most of the water quality supervision of the high-level water
tank is manual irregular sampling inspection, or the low data collection accuracy in the wired
water monitoring system, which cannot process parameters in real time, and accompanied
with high supervision cost. The second problem is that the internal storage capacity of the
traditional high-level water tank cannot be obtained in real time. If the water level is too low,
in the event of a surge in water consumption or insufficient water supply in the municipal
pipe network, insufficient water pressure or even water stoppage can happen easily. To
ensure the safety and stability of water for residents, an indispensable step is to strengthen the
supervision of high-level water tanks and implement maintenance measures.
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These days, there are few researches on the monitoring and control of high- level water
tank in China [2-7], and the existing methods are mainly focus on laboratory monitoring,
automatic monitoring station monitoring and mobile monitoring [8]. The data collection work
needs manual participation, and most of the data is transmitted through a wire way, which has
the problems of inconvenient sampling, high cost and inability to guarantee the real-time
data. Most of the foreign researches use wireless network technology to transmit data, but
there is no combination of water quality and water level monitoring [9-11]. Combined with
the above problems, this paper designs a high-level water tank monitoring system based on
the Internet of things to monitor the water quality and water level of the high-level water tank
in real time.

2. System Design
2.1 Introduction to ZigBee Technology

ZigBee Alliance re-standardizes the network layer protocol and API based on the
IEEE 802.15.4 wireless standard. ZigBee has three working bands: 2.4GHz, 868MHz and
915MHz, and its transmission rates are 250kb/s, 20kb/s and 40kb/s, respectively. The 2.4GHz
band is used in China, which is divided into 16 channels [12]. In ZigBee networks, devices
are defined as three types: coordinator, router, and end-device. The ZigBee network consists
of a coordinator, multiple routers and multiple end-devices, and can accommodate up to
65536 nodes. The coordinator is primarily responsible for the start-up and configuration of
the network; the router is mainly responsible for other nodes to join the network and route
forwarding; the end-node is mainly responsible for data collection and transmission. There
are three types of ZigBee network topologies: star, tree and mesh as shown in Figure 1.
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Figure 1 Topology of ZigBee network structure
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2.2 System framework

In this paper, a high-level water tank monitoring system based on the Internet of
things is designed, and its overall structure is shown in figure 2.
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Figure 2 Overall framework of system

The whole system is composed of end-device, router, coordinator and monitoring
center. The end-device is primarily responsible for integrating the data collected by the sensor
and sending it out. The main purpose of the router is to forward the data and control variable
frequency pump according to the relevant water level parameters to adjust the water level of
the water tank. The coordinator is mainly used to establish the ZigBee network and forward
the data of the Zig Bee network to the PC of the monitoring center in real time to realize real-
time monitoring. The end-node is placed at the high-level water tank to detect the water
quality and water level through the sensor. Due to communication environment and distance,
it may be necessary to deploy multiple routers to achieve data relay transmission. One of the
routers is placed between the equipment and is connected to the frequency converter of the
variable frequency pump. The coordinator is placed in the monitoring center and connected to
the PC through the serial port. After the system starts working, the coordinator will establish
a new ZigBee network, and adjacent nodes will join the network automatically. After the link
is formed, the monitoring center PC will display the water level data in real time, and activate
the alarm when the water pollution value exceeds the set threshold value.
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2.3 Hardware Design
2.3.1 Water quality detection and alarm

TDS, also known as the total dissolved solids; generally speaking, the value of TDS
can roughly reflect the water quality [13]. According to the provisions of the Sanitary
Standard for drinking Water, the limit value of TDS is 1000mg/L [14]. Shu Weiqun et.al.
studied the drinking water of Chinese residents and recommended that the range of TDS in
drinkingwateris200~500mg/L[15].Based on the above data, this paper designs a TDS sensor
to measure the electrical conductivity of water through the electrode, and then indirectly
calculate the TDS value of water. When the TDS value is greater than 800mg/L, the system
alarms. The TDS module is shown in figure 3.

Figure 3 Overall framework of system

In order to simplify the programming design, this paper uses 0905 active buzzer to
realize the alarm function. The module has its own vibration source and is driven by S8550
transistor. The S8550 module is shown in Figure 4.

Figure 4 Overall framework of system
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2.3.2 Water Level Detection and Automatic Control

The water level monitoring module uses HC-SR04 ultrasonic distance sensor. The
module includes two general piezoelectric ceramic ultrasonic sensors and some auxiliary
signal processing circuits. The maximum detection distance is about 4.5 m and the detection
angle is less thanl15°.Because the single-chip microcomputer cannot directly control and
adjust the variable frequency pump, this paper uses the TTL to RS-485 module of Shenzhen
Weixin Technology Co.Ltd. To realize the communication between the single-chip
microcomputer and SIEMENS MM420 frequency converter, and then control variable
frequency pump indirectly. According to the USS message structure set by the MM420
frequency converter, the single-chip microcomputer transmits the pressure setting value and
related parameters to the frequency converter through the TTL to RS-485 module, and the PI
automatic control of the variable frequency pump can be realized. The TTL to RS-485
module circuit is shown in figure 5.

Figure 5 Circuit diagram of TTL to RS485 module
2.3.3 Node Circuit Design

In this paper, the end-node is arranged on the top of the water tank, and the
connection circuit is shown in Figure 6. TDS detection electrode is placed under the water
surface, and connects the serial port of the TDS sensor with the serial port of the CC2530
single-chip microcomputer. When the node is powered on, the TDS sensor will continuously
send messages to the single-chip microcomputer actively. The ultrasonic sensor is placed on
the top of the water tank, and connects the Echo end and Trig end to the PIN1 and POroom6
of the CC2530 single-chip microcomputer, respectively, where Trigs the trigger signal end
and Echo is there turn signal end. The router is placed in the devices room, and the
connection circuit is shown in figure 7. The serial port of CC2530 single-chip microcomputer
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is connected with MM420 frequency converter through TTL to RS485 module, and USS
protocol is used for communication.

The coordinator is placed in the monitoring center, and the connection circuit is
shown in Figure 8. The serial port of CC2530 single-chip microcomputer is connected with
PC through TTL to USB module, and the data is constantly forwarded to PC. The single-chip
microcomputer P1_2 is connected with the 1/O port of the buzzer. When the TDS value
exceeds the set threshold value of 800mg/L, P1_2 output low level signal to drive the active
buzzer alarm.

CC2530 \
Vee bl
PO_2 P11
+ — 5
Power PO_3 PO_6
— — GND b4|—
TDS Ultrasonic
sensor sensor o
TXD Vee (to Vee) GND
RXD ﬂ {(to GND)
water

Figure 6 End-node circuit connection diagram

97
International Journal of Recent Research and Applied Studies, Volume 9, Issue 5(8) May 2022



ISSN: 2349 - 4891

International
; Journal of Recent Research and Applied Studies
IIRRAS (M sciplinary Open Access Refereed e-Journal)
CC2530
] J
— Vee bl—
PO 2 Pl 1—
Power | * PO3 PO 6—
_ —| GND bal—
134
1:Vece (to Vee) NM420
2:2:1\113 (Eo ch|)> TTL to RS485
3:TXD RS485 frequency
4:RXG converter

Figure 7 Router circuit connection diagram

CC2530 \
| 1

— Vee bl—
PO2 P12
Power |t o3 L Buzzer

— GND b4—

1:Vee(to Vee)
2:0\D(to GND)
3:1/0 T

2

3

4]

12314
s oom | CH3406 =1
3:TD TTL to USB =
4:RXG
USB
USB | |

Figure 8 Circuit connection diagram of coordinator

2.3.4 ZigBee Communication Program Design

In view of the inconvenience of sampling and the inability to guarantee the real-time
data of the traditional detection methods, this paper uses ZigBee wireless communication
technology to complete the data transmission of the water tank monitoring system. ZigBee
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wireless network communication is a key link in the system, which directly determines the
accuracy and real-time of data transmission in the system, so this paper uses a more reliable
solution-Z-Stack protocol stack, developed by TI Company based on ZigBee standard. The
protocol stack integrates and encapsulates the protocols of each layer, leaving an interface for
users to call directly. The workflow is shown in figure 9.

> Asslgn 64 bit
g address
. . Initialize Something
Disable interrupt NV_ITEMS happened?
+ + Yes
Initialize Initialize
Stack RAM osnL “
+ + Compare priority
Initialize
Enable interrupt
Board I/0 Higher
Initialize Call event handler
HAL drive Set ITEMS
Initialize Display device
NV_FLASH information in LCD
Initialize |1 OSAL task
MAC layer main loop

Figure 9 Workflow of Z-stack protocol stack

There are three different communication modes in ZigBee: on-demand
communication, multicast communication and broadcast communication. This paper uses
multicast communication, that is, nodes in the same group can communicate with each other.
The program design of the coordinator is shown in Figure 10. The coordinator is responsible
for the start-up of the entire network. After the initialization work is completed on power-up,
the coordinator will select a PANID and idle channel to build a new ZigBee network, waiting
for the rest of the nodes to join. You can then wait for the data packet sent by the end-node.
After receiving the MSG pkt data packet for parsing, the data can be extracted from the cmd
structure in the packet, and the data can be sent to the PC terminal of the monitoring center
through the HalUART Write function.

99
International Journal of Recent Research and Applied Studies, Volume 9, Issue 5(8) May 2022



ISSN: 2349 - 4891

International

; Journal of Recent Research and Applied Studies
IIRRAS (Multidisciplinary Open Access Refereed e-Journal)

The programming of the end-node is shown in figure 11. The initialization step is
performed after power up, where the baudrateneedstobesetto9600tobeconsistentwiththebaud
rate of the TDS module. After searching and joining the network, the end-node will perform
data extraction and multicast transmission in a loop. The TDS sensor is connected
totheserialportoftheCC2530single-chipmicrocomputerand will actively send data after being
energized. The single-chip microcomputer only needs to extract the TDs value according to
the format of the data frame in the URXO interrupt service function. The ultrasonic sensor is
connected with the CC2530 single-chip microcomputer through the 1/0 port. When the Trig
port receives the trigger signal, the sensor will send out the pulsed sound wave. After
detecting the reflected sound signal, the Echo end will output a high-level signal, and the
duration of the signal is proportional to the detection distance [16]. Through the timing of the
timer, the end-node can get accurate ranging data. After obtaining the data of the water level,
the multicast sends function of the protocol stack can be called to send the detected data
directly to the group.

The programming of the router is shown in figurel2. After joining the ZigBee
network; the router can allow other devices to join the network. After receiving the multicast
data, the water level data is forwarded to the MM420 frequency converter through the TTL to
RS-485 module connected with the serial port, and the data packet can be routed and
forwarded at the same time to realize the function of network relay.

( Start ) }
Send to PC

+ l through serial port

Module

initialization
Waiting to receive No
* multicast data Does the water pollution
Set up the exceed the threshold

network and wait
for other nodes to
join

v

Enter loop event Yes

Whether multicast
data is received

Start alarm

Figure 10 Coordinator programming
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Figure 11 End-node programming
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Figure 12 Router programming

3. System Implementation and Debugging

Connect the circuit according to the circuit design diagram, and test the monitoring
function of the system.

3.1 Water Quality Detection

International Journal of Recent Research and Applied Studies, Volume 9, Issue 5(8) May 2022
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Prepare three samples, bottled drinking water, tap water and polluted water, respectively, and
detect them with standard TDS detector and TDS sensor to test the detection accuracy and
alarm function of TDS. TDS test results are shown in table 1.

Table 1 TDS Test Results

Standard TDS TS Sensor
Detector
Drinking water 37 ppm 35 ppm
Tap water &4 ppm 64 ppm
Polluted water 1080 ppm 1072 ppm

When the TDS value exceeds the set threshold 800 ppm, the water can be considered
to be polluted. The system issues an alarm, as shown in figure 13.

Distance=19cm
TDS=55ppm

Distance=19cm
TDS=1205ppm, Warning!
Check the water tank!

Figure 13 Water pollution alarm

3.2 Water Level Detection

Change the distance between the ultrasonic module and the water surface, test the
ranging accuracy of the ultrasonic module and the water pump control function form any
times. The results of ultrasonic ranging are shown in table 2. When the water level is too low,
the system starts the pump, as shown in figurel4.

Table 2 TDS Test Results
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First fime Second time Third fime Fourth time Fifth fime

Ruler & ocm 12 cm 17 cm 19 cm 20 cm
Ranging
Ultrasonic g cm 12 cm 17 cm 19 cm 20 cm
ranging

Distance=9cm
TDS=46ppm

Distance=170cm
Open the water pump
TDS=46ppm

Figure 14 Start pump when water level is too low
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Figure 15 Water quality test
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Figure 16 Water level test

As can be seen from the test results, the measured data of the water quality and water
level of the system are consistent with the standard data within the range of error. At the same
time, it realizes the function of water pollution alarm and starting the pump when the water
level is too low, and the communication delay is short, which meets the design requirements

basically.
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4. Conclusions

The system designed in this paper can collect the water level and water quality parameters
simultaneously, and send monitoring water quality and water level data wirelessly to the
monitoring center in real time, and can automatically alarm the water pollution, automatically
regulate water level based on the collected parameters. The advantage of the system is that
the monitoring of water quality and water level can be achieved at the same time, and the
function is more perfect; the use of ZigBee wireless communication technology for data
transmission improves the data processing speed and saves manpower. In addition, the
system also has many advantages, such as low power consumption, low cost, strong
expansibility and so on. It can be networked by multi-nodes to enable distributed detection
and control of multiple water tanks, which is widely suitable for the monitoring of high-level
water tanks in existing residential areas.

5. Acknowledgment

I am sincerely thankful to my teacher Jiang Panpan. From selecting the subject to doing
experiments, to writing, to revising and lastly to finalizing, this paper is the result of teacher
Jiang’s effort and sweat. Her prudent attitude on academy and earnest and responsible style
on working have influenced me deeply. | am taking this opportunity to express my gratitude
to teacher Jiang, whose instructions will root in my mind. “No one can ensure that the
insignificant love and devotion to parents will be able to repay the love from mother.” I am
going to appreciate my parents who are supporting me both mentally and spiritually. They
fortified my faith on the way to achieve my life-long dream. I love you all.

References

1. C. Tao, H. Ye, H. Gong, Y. Huang, B. Geng, and X. Liu, “Application of efficient
cleaning and disinfection of wate r tank (pool) in secondary water supply residential
area,” Water purification technology, vol. 37, no. S1, pp. 185-189, 2018.

2. H. Yu, “Design of river water quality monitoring system based on Internet of things,”
M.S. dissertation, Jilin University, 2015.

3. W. Gao, et al., “Design of aquaculture water quality control and management system
based on ZigBee,” vol. 20, no. 07, pp. 74-82, 2018.

105
International Journal of Recent Research and Applied Studies, Volume 9, Issue 5(8) May 2022



4.

10.

11.

12.

13.

14.

15.

ISSN: 2349 - 4891

International

; Journal of Recent Research and Applied Studies
IIRRAS (Multidisciplinary Open Access Refereed e-Journal)

R. He, Y. Chu, B. Yan, and H. Zhou, “Water quality monitoring of campus lakes based
on ZigBee,” Value engineering, vol. 38, no. 07, pp. 171-173, 2019.

H. Li, “Study on water quality monitoring system of fish pond based on ZigBee
technology,” M.S. dissertation, Xi'an University of science and technology, 2019.

G. Sun, “Research and development of water environment monitoring terminal,” M.S.
dissertation, Hangzhou University of Electronic Science and technology, 2019.

W. Wu, “Design of water quality monitoring system for small reservoirs,” Heilongjiang
water science and technology, vol. 48, no. 05, pp. 65-67, 2020.

Z. Tang, “Research on Key Technologies of water environment online monitoring
based on NB-IoT,” Computer knowledge and technology, vol. 16, no. 12, pp. 240-
241+244, 2020.

N. D. Mehendale, O. A. Sharma, S. A. Shah, and S. L. Vishwakarma, “Metropolitan
water tank pollution monitoring and purification using PID control,” in 2016
International Conference on Communication and Signal Processing, ICCSP 2016, April
4, 2016 - April 6, 2016, pp. 212- 214.

M. R. Hidayat, S. Sambasri, F. Fitriansyah, A. Charisma, and H. R. Iskandar, “Soft
Water Tank Level Monitoring System Using Ultrasonic HC-SR04 Sensor Based on
ATMega 328 Microcontroller,” in 5th International Conference on Wireless and
Telematics, ICWT 2019, July 25, 2019 - July 26,2019.

Jecko A. A, M. Z. A. Akhond, S. Biswas, M. M. Rahman, S. Akter, and Y. A. Siam,
“Design and Implementation of Wireless Monitor and Controlling System for the
identification of water level,” in 2nd International Conference on Smart Systems and
Inventive Technology, ICSSIT 2019, November 27, 2019 - November 29, 2019,pp.
865-869.

L. Zhang, “Design and application of a wireless sensor network based on ZigBee
protocol,” Digital communication world, no. 01, p. 228+251, 2020.

R. Devesa and A. M. Dietrich, “Guidance for optimizing drinking water taste by
adjusting mineralization as measured by total dissolved solids (TDS),” Desalination,
vol. 439, pp. 147-154,2018.

Standard for drinking water quality, GB 5749-2006, 2006.

W. Shu, Y. Huang, H. Zeng, W. Peng, X. Wang, and W. Liu, “Discussion on the
106

International Journal of Recent Research and Applied Studies, Volume 9, Issue 5(8) May 2022



ISSN: 2349 - 4891

International

; Journal of Recent Research and Applied Studies
IIRRAS (Multidisciplinary Open Access Refereed e-Journal)

appropriate retention level of calcium and magnesium in drinking water of Chinese
residents,” Water supply and drainage, vol. 53, no. 10, pp. 13-18, 2017.

16. Y. Feng, P. Wang, F. Yu, J. Guo, and K. Wang, “Design of ultrasonic obstacle
avoidance car based on STC89C52 MCU,” Electronic world, no. 11, pp. 154-155+158,
2020.

107
International Journal of Recent Research and Applied Studies, Volume 9, Issue 5(8) May 2022



