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Abstract --- The design that is being developed is a Water Moni-
toring System for Speed and Eramosa Rivers. This design consists
of four sensors (turbidity, conductivity, dissolved oxygen and
water level) which monitor the Speed and Eramosa Rivers in
Guelph, Ontario. The sensors input measurements to a microcon-
troller which processes the inputs. The software contained on the
microcontroller will pass a warning message to a wireless modem
which relays the problem to a base station if dangerous contami-
nation levels are reached.

Index Terms --  Water quality, Sensors, Microcontrollers, Solar
Panels, GPRS, Turbidity, Salinity, Conductivity, Water level

I.   INTRODUCTION

As demands on ground water supplies increase, Guelph area
is considering using treated surface water to supply potable
water. [4] The requirement for this demand is to develop a
water monitoring solution for Speed and Eramosa Rivers, and
also detect contamination and communicate to a base station
with findings. The basic approach that was taken to design the
system was to focus on the hard constraints which include
monitor water condition in very fast time, alert authorities
within acceptable time, self powered, water resistant and func-
tionality in preferred environment, and focus on the optimize-
able criteria which include modularity, minimize weight and
size, minimize cost, as reliable as possible and test of several
important water parameters. What was known was that four
specific parameters need to be monitored. With that in mind,
the measured values need to be broadcasted to a base station
where an alert can be triggered if there is a major contamina-
tion. Four sensors were chosen for this design and all of these
sensors were assessed using primary criteria such as range and
accuracy. They were also evaluated using a secondary set of
criteria such as size, weight, and cost. The design that is being
presented here is different because it is specific to the location
where it is being implemented. The parameters for monitoring
were chosen based on information about the Speed and Era-
mosa Rivers. Although the system could be configured for any
type of water monitoring situation, this solution was predomi-
nately custom for the Guelph location. Table 1, contains the
selected sensors that are used in the system.

Table 1: Sensors Selected For Design Using Specific Primary And 
Secondary Criteria.

II.   CONCEPTUAL DESIGN/METHODOLOGY

A.   Overall Design
The general idea of the system is simple. First the sensors

read the values from the water sample. The reading is than
taken to the microcontroller for data processing and compari-
son to standard water quality. If standard water quality levels
are breached than an alert signal is sent to the wireless modem.
The modem connects to a base station that will then alert
authorities of the contamination. 

B.   Major Components
There are some key elements in the system, and the loca-

tions that these components are placed in the system determine
how effective they can be in their function. The four major
components included in the design are:

1. Sensors
2. Microcontroller
3. Wireless Modem
4. Solar Panels 
These are the hardware components of the system. The other

part of the system is the software component which will be a
part of the milestone.

III.   DETAILED DESIGN

A.   Sensors
  Four sensors were needed to measure the parameters that

are being monitored; one sensor per parameter. The three tur-
bidity sensors that were compared and evaluated were the Aan-
deraa 3712, Global WQ710, and the Stevens TS300. 

For conductivity, the three sensors that were investigated
were the Global WQ301, Geenspan EC350, and the Aandreaa
3211. For dissolved oxygen, the Stevens DO300, Global
WQ401, and SensoreX 1200 were compared and finally for
water level, the Global WL400, Aandreaa WLTS 3798, and the
Stevens ULT were researched and evaluated. 

Sensors 
Turbidity Aanderaa 3712 

Conductivity Aanderaa 3211 
Dissolved Oxygen Global WQ401 

Water Level Global WL400 
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B.   Microcontroller

Figure 1:  General system process which includes the major hardware com-
ponents and their connection to one another.

Three different microcontrollers were put under the criteria
of programming difficulty, connection type, control over sen-
sor input, and debugging. The controllers were the Embest
ARM, Handyboard and Motorola 68HC12. Secondary criteria
were used again, like the sensors, cost, size etc. and the evalua-
tion concluded that the Handyboard would be the best micro-
controller for this particular design. 

C.   Wireless Modem
 In terms of a communication system, the communication

over GPRS/CDMA seems like the most viable solution given
that the system must be deployable in places where a nearby
internet connection cannot always be established. As a safety
precaution, both GSM and CDMA wireless modems were used
in order to create a backup uplink to the base station, if one
modem was to go down. 

D.   Solar Power
The solar power generated for the system is provided via

solar panels or photovoltaic modules, which collect solar
energy and convert it into power. This power would then go
toward meeting the load of the system and any power left
unused would go toward recharging the storage battery. The
storage battery is used whenever system power requirements
cannot be met by the solar panels. Therefore the storage batter-
ies would be used more at night and during winter months
where there is less sunlight. The solar power option for the sys-
tem was also analyzed against the constraints. Finally, the use
of solar panels in the system would be ideal since it is a clean,
renewable source of energy. The location of the solar panels
alongside the river bank would keep it in the direct path of sun-
light throughout the day which is ideal for producing power.

E.   Milestone
As a milestone for the design, the software subsystem was

developed. The software is developed in a framework fashion
to show how the process of the system goes from hardware to
software then back to hardware. Essentially the milestone con-
sists of the architecture for the software detailing, function,
communication, and variable manipulation. The input and out-
put connections to the main program and how the main pro-
gram calls required functions are also detailed. The milestone
includes sample code which shows the fine points of the signal
processing. Specifically the amplifying of input variables and
conditions that needs to be met (calibration) before sending out
alert warnings. 

IV.   DISCUSSION

This water monitoring system was developed according to
criteria and constraints with minimum deviation. The main
problem with this system is that since each component was
hand picked and the parts were integrated together, the cost
kept rising. In order to maximize efficiency, it might be better
to find existing systems and modify the technology to fit this
location.  Although the design contains specific parameters that
the system would be monitoring, it should be noted that the
design could be upgraded to contain many more parameters. In
addition, by developing a data acquisition system with a large
storage capability, the multiple parameters could also be stored
locally as well being transmitted. Finally, the main concern
about the design is not that it can be implemented because with
the milestone it can be seen that it is feasible. The only issue
would be designing the housing for the system. The assump-
tions made were that it would be fit along the river bed, and the
sensors in the river. If the housing was also deigned, the system
could be fully ready for testing.

V.   CONCLUSION

This system was design specifically for the Speed and Era-
mosa Rivers; however, to maximize the ability to implement
the design, it can be modified to fit any location.
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