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The focus of this research project was to incorporate wireless sensor 
networks to remotely monitor an artificial aquatic ecosystem and to 
establish a method of collecting data for pH, temperature, and 
dissolved oxygen. One of the major challenges with collecting 
meaningful data in the field is the cost of the equipment used to 
monitor aquatic environments. This cost is a barrier that can prevent 
researchers from being able to deploy sensors in a dense enough 
pattern to adequately monitor the environment and requires more 
extrapolation and estimates back in the lab. As such, our design 
needed to be low power and cost effective.  The Research Experience 
for Teachers provided a platform for us to expand our personal 
understanding of electrical engineering and some of the difficulties 
facing researchers in the field. By putting ourselves into a project 
where we were forced to grow and learn in an area we were not 
especially comfortable with allowed us to step out of our roles as 
teachers and into the shoes of our students. That experience will 
allow us to create more meaningful lesson plans to bring to our 
classrooms.
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      Investigating Streams and Water Quality 
  
Lesson Objectives: 
 
• The students will design and build a river system. 
• They will manipulate the flow of water in the system to study the 

biotic and abiotic factors that influence water quality such as pH, 
DO, temperature. 

• Students will understand how environmental factors such as 
climate change, point source and non-point source pollution can 
affect the well-being of the river system. 

  

 
  

Abstract: 

The ZigBee Protocol 

Remote Monitoring of an Artificial Stream System using Sensor Network 

Research Experiences for Teachers 
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Atlas Scientific  Set Up 

This work was supported by the RET program through the 

UNT Engineering School and staff.  

We appreciate the opportunity to participate in this research 

project and look forward to sharing what we have learned 

with both district teachers and students. 

INTRODUCTION 

For more information visit our blog at http://untret.blogspot.com   

The Xbee is a radio transmitter that is inexpensive and has solid support 
and integration with the Arduino through a custom circuit board known as 
a shield. The XBee uses the ZigBee protocol. Zigbee is a high level 
communication protocol that complies with FAA rules for private 
transmission. It is designed for applications that do not have a demand for 
high bandwidth and that need to function in low power systems. Zigbee 
utilizes a mesh network layout that allows the radios to form ad hoc 
connections and transmit their data along that web rather than relying on 
one high power transmitter in the center of the network that is able to 
reach all the radios. 
Atlas has the advantage of providing all three types of probes that are 
intended to integrate into the sensor cluster: pH, temperature and 
dissolved oxygen. Atlas also has sample codes for the microprocessor and is 
below in costs what other companies seemed to offer. By selecting probes 
from the same source we were able to greatly simplify the task of coding 
the program since the underlying logic of the probes was similar. 

Classroom Table Top Spark Data Collector 

"This material is based upon work supported by the National Science Foundation under Grant No. 1132585. Any opinions, findings, and conclusions or recommendations      

                        expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation." 

REAL WORLD EXPERIENCE 

UNT’s Water Research Facility researchers built a 
realistic stream mesocosms to investigate the dynamics 
of stream fish metacommunities. Their research focus 
is on metacommunity theory which is defined as a 
network of spatially structured local communities that 
are linked by the dispersal of multiple interacting 
species. Viewing communities in this metacommunity 
perspective allows new insight into the fundamental 
processes that influence biodiverstiy at multiple spatial 
scales (i.e., alpha, beta, gamma, diversity), including 
colonization and extinction, species coexistence, and 
responses to disturbance. 

 

Research courtesy of Lucas Driver, PhD student, 

Environmental Science/Ecology and Conservation Biology 

UNT Water Research Facility 

Deployment of Remote Sensor Cluster 

The data gathered from sensor cluster was very similar to the 
data coming in through the YSI Sonde, which is exactly what 
it was intended to do.  

               Sensor Cluster 

          6920 YSI Sonde 

Our goal for the table top model was to make an affordable model of a stream system that could be used in the classroom. We also wanted to make an 
affordable monitoring system that could be used to test environmental factors such as pH, DO and temperature. With more advanced students, research 
on construction and building the model could be included. The stream tabletop model cost less then $100. and the wireless sensor cost less then $500. 
From the data collected so far, our stream system is working and the fish have adjusted to their new environment creating niches for themselves and the 
sensor cluster has been tested and the readings have been close to those of a very expensive YSI unit. 


