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Abstract. To improve the sampling frequency of water diversion to distributary canals and to 
improve equity of distribution and data handling we have developed a smart electronic water 
meter based on ultrasonic sensors and GPRS modem to frequently record and transmit the 
water diversion data to a centralized server. The server processes the data to extract useful 
information for example seasonal cumulative water deliveries and discharge time series. The 
Wireless Sensor Node (WSN) inspired design is extremely low-power, field deployable and 
scalable with respect to cost and numbers. This paper, reports the first steps towards practical 
realization of a smart water grid in the Indus river basin, conceptualized by the authors in pre-
vious theoretical studies. 

 1  Introduction 

The Indus River Basin in Pakistan has the world’s largest contiguous irrigation net-
work, running over 90,000 Km of watercourses and around 25 million acre irrigated 
area, the overall irrigation infrastructure accounts for approximately US$ 300 billion. 
Such a large system cannot be managed with high efficiency without using unprece-
dented levels of automation and usage of decision support systems [1],[3],[13]. Quite 
contrary, most of the operation is manual which combined with poor management 
practices have contributed towards acute problems of water scarcity and distribution 
inequity. See [2] and [6] for an overview of such problems. Therefore, there is a great 
need to contribute towards agricultural development in Pakistan through the efficient 
management of surface water in canal networks to enhance food security, reduce pov-
erty and adapt to uncertainties brought about by climate change.  

Future irrigation networks as described by [4] and other leading researchers, 
represent a prime example of cyber physical systems (CPS), i.e. physical infrastruc-
tures coupled tightly with distributed networks of sensing, computing and control 
structures. See [7],[12] and [15] for a discussion on CPS. In the context of Indus river 
basin, the LUMS affiliated authors have conducted a series of theoretical studies to 
determine the feasibility of a fully automated CPS, envisioned as a smart water grid 
for Pakistan. See [9] and [11] as examples of such case studies. Encouraged by these 
studies, the group has come into several partnerships in recent years with government 
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availability and reliability. It consumes less than 500nA in battery backup and is op-
erated with separate 3.3V 40mAH cell.  
     Thus, RTC cell backup time= (40mAH/500nA=80,000 hours=9 years). The RTC 
time can be checked and reset remotely from server side. RTC counts seconds, 
minutes, hours, date of the month, month, day of the week, and year with leap-year 
compensation valid up to 2100. It has three wire SPI interface and 8-pin SOIC pack-
age is used in our embedded design. 

2.7 Design Problems and their Solutions 

    Since Wireless Sensor Node is likely to be installed at locations with limited 
GSM/GPRS coverage. It is provided with an external antenna mounted at highest 
point inside the Stilling well. The device sends data on GPRS and in case of low RF 
signals it will initiate and SMS to the server, as SMS requires less signal strength. 
     Being operated from 3.6V battery, we are quite close to the minimum voltage rat-
ings of SIM900D i.e., 3.4V.The copper traces from battery to the GSM module are 
3.2 mm wide in the PCB design to reduce the voltage drop for situations, where the 
circuit consumes high currents like 1-2A during transmission burst. Note that 	 = ( ∗ ℎ  )/ . Also, wide tracks sink heat to 
the environment instantly. Narrow tracks result in high energy dissipation, which 
further increases the resistance in the absence of heat sink. Thus for best performance 
during transmission bursts we need to reduce the length of wire as well as widen cop-
per traces on PCB from battery terminal to the GSM module. To appreciate the im-
portance of this, note that SIM900D does not work below 3.4V. At high currents the 
voltage across the battery terminal decreases due to the internal resistance of the bat-
tery as shown in the Figure 2.4(a) above.  If the resistance from battery terminal to the 
GSM module is 0.3 Ohm and we have a transmission burst of say 1.0A, then voltage 
drop across the wire, = = 1 ∗ .3 = 0.3 .So voltage at SIM900D will be 3.6V-
0.3V=3.3V and will be powered down due to these drops.  

The GSM part of WSN is protected against electro static discharge (ESD) with 
SMF05C, a 5 line transient voltage suppressor array, having a peak power dissipation 
of 100W (8 x 20 µS waveform) [10]. It has ESD rating of class 3B (exceeding 8 kV) 
per human body model and Class C (exceeding 400 V) per machine Model. Human 
body interaction with the circuitry is possible during SIM replacement. During as-
sembling, we have ensured proper handling against electrostatic discharge. Anti-static 
Wrist Straps, are used to prevent ESD by safely grounding the technician working 
with electronic equipment. It consists of a band of fabric with fine conductive fibers 
woven into it.  

2.8 Wireless Sensor Node Budget 

The cost breakdown of the wireless sensor node has been given below from current 
list prices. Note, mainly that the absence of the solar panels have significantly reduced 
the unit price. Moreover, the maintenance is only annual replacement of batteries. We 



believe that this (low) cost has made the deployment of these units feasible at practi-
cal scales of deployment.  See table 2.8 below for budgeting details. 
S.No. ITEM PRICE (USD) 
1 MB7380 with temperature Sensor 114 
2 SIM900D 20 
3 Batteries 16 
4 Die cast Aluminum Enclosure 26 
5 Miscellaneous parts 14 
 Total $190 / PKR. 19,000 

Table 2.8: WSN Budget 

 3   Software Design 

3.1 Working 

The WSNs installed at different canals send Water level readings on server. After 
the server receives the strings of data, it processes the data string and extracts the 
required parameters i.e., date, time, temperature, and level readings. These readings 
are then stored in the database with their respective date and time, which are then 
used to compute the seasonal cumulative water deliveries and discharge in average 
cubic feet per second (cfs). The data is displayed as CSV files with graphs depicting 
seasonal and yearly variations on a website. The whole software design consists of 
Server and Client side designs.  

3.2 Server-Side Software design 

    The Server side design comprises of Web Server, Server-side script, Operating 
System and a Database for storing the required data. Our choice for Server is the Mi-
crosoft Internet Information Services (IIS). We are using Microsoft server-side Web 
application framework (ASP.NET). For Relational Database Management System  
(RDBMS), we are using Microsoft SQL in web applications. The server is running on 
the Microsoft Window Server 2008 R2 Operating System. 

 The important aspects of the software design include: 
1. Security. Common types of software flaws that lead to vulnerabilities in-
clude: SQL injection, Cross-site scripting and some others. MSSQL and Asp.net 
provides sufficient extensions and options to avoid such type of vulnerabilities.  
2. Replication and Back Up. Replication of MSSQL database can be a solu-
tion to various problems like Scale-out problems, Data Security, Analytics, Long-
distance data distribution and the Backup taken from slaves rather than from mas-
ter, which result in no load on the production Master machine for this task. If the 
Slave node is down, this is not a problem since replication is performed asyn-
chronously and when the Slave Node is up and Live after a downtime, it contin-
ues replication from the point it has been paused. 
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Indus river basin. GSM/GPRS based transmission is chosen as a suitable technology 
for communication whereas ultrasound based ranging is found suitable for sensing 
water levels. Power requirements, packaging, installation and system integration is-
sues have been addressed and resolved.  
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