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Abstract: Environmental monitoring is nowadays a common instrumentation application, not
only in cases where scientific information is needed, but also for pollution control and develop-
ment planning of certain sensitive areas. This paper describes the development of a Stand Alone
Monitoring System (S.A.MO.S.) which is actually a complete monitoring station for environmental
measurements in rivers, lakes, lagoons and other sensitive eco-systems. S.A.MO.S. is capable of
performing scheduled measurements by sensors or other independent electronic measuring in-
struments, and stores data locally in a memory module. Measurement data may then be transferred
to a PC computing system for further analysis either by using cellular phone network or via a
UHF transceiver. Validation of measurements is achieved by system'’s self check control and warn-
ing signals can be sent to authorized personnel in case of errors. The basic features and the

configuration of this system are presented in this work.

Keywords:
observation of remote sites

1. INTRODUCTION

Over the past several decades, the collected ex-
perience of scientists has led to the awareness that
ecosystems are sensitive to a whole set of interac-
tive parameters [1]. Monitoring is critical for envi-
ronmental management, and developing the environ-
mental strategy as well as capturing current status
of ecosystem is important since rapid changes in
environmental conditions may be detected [2,3].

S.A.MO.S. is a fully self-efficient environmen-
tal monitoring station, capable of supporting practi-
cally almost all types of sensors [4] for measure-
ments of water parameters (conductivity, pH, dis-
solved oxygen, flow, etc) and others as well (me-
teorological, geological, hydrological, etc).
S.A.MO.S. is also equipped with digital output
control ports, and a timing input channel ensuring
optimized control and function of these sensors. The
system stores the acquired information over an
extended time period until it is collected and pro-
cessed. Remote data and command transferring
can be achieved by a conventional or mobile phone
connection. Authorized personnel may then get
connected to the station and perform all kinds of
actions: collect remotely all data, via phone or
Internet, reprogram measurement sequences, and
also perform an overall control to the system’s op-
erating function. A laptop connection output enables
service/maintenance, or data transfer on the spot.
This system is actually the new version of instru-
mentation systems development of the same re-

- autonomous monitoring system, data logger, remote environmental monitoring,

search team [5-7], which are currently being used
in different places in Greece [8].

S.A.MO.S. is based onan R.T.O.S. (Real Time
Operating System) which is developed for an 8-bit
microcontroller and is capable of performing sched-
uled measurements and storing them with a time and
date stamp, in a removable non-volatile memory.

Intelligent techniques of data processing may
also be applied, while focus is given on methods of
measurements validation by checking for improper
values or “strange” sequences compared to the
expected measurements.

S.A.MO.S. is also capable of performing a self-
check control on scheduled time periods and store
the results along with actual measurements. Warn-
ing signals can be transmitted to the authorized sci-
entists in case of errors.

A supervisory system by means of a special
software applied, can automatically collect and store
data from stations permanently, analyzing and pub-
lishing them to the Internet, even assisting with
system’s preventive maintenance. Authorized per-
sonnel may also call the supervisory system when
an alarm situation occurs for a detail setup.

The system has been designed in a modular way
which makes possible any further hardware ex-
pansion and software re-usability.

2. HARDWARE DESIGN

A functional diagram of S.A.MO.S. is shown
in Fig. 1. It is a useful reference that shows the
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Fig. 1 — System’s block diagram

data path in the module and explains the function
of many of the system’s components.

A weatherproof enclosure protects the system
from humidity and extremely harsh weather condi-
tions.

The system is capable of supporting practically
almost all types of sensors such as:

* Pressure transducers

* Shaft encoders

* Ultrasonic level sensors

* Flow meters

* Conductivity sensors

* pH sensors

* Thermistors

* Tipping bucket and weighing rain gages

* Wind vanes

* Anemometers

* Relative humidity sensors

* Pyranometers

* Leaf wetness sensors

* Fuel moisture/temperature sensors

The first step is to acquire the sensor signal and
convert it to digital data [9]. In Figure 1, all the
signal conditioning circuitry has been lumped into one
block which is referred as the analog channels block.
Analog channels can be configured to provide single-
ended or differential measurements using 12-bit reso-
lution A/D converters. Autozero and autocalibration
is performed during system’s self check control to
ensure the proper A/D converters’ functionality. The
state of sensors is controlled by the datalogger re-
lay-driven digital control output port. A timing input
channel is used in conjunction with those sensors
which produce output in time-domain.

A digital input port is used to sense the status of
external devices or to capture discrete digital sig-
nals. Digital signals can be configured to act as
pulse counters (such as rain meters) or interrupt
inputs (warning signals).

]
| PUBLISH DATA

! TO THE INTERMET
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S.A.MO.S. has a 16-keys key-
board which allows on site pro-
gramming system’s parameters
(i.e. time and date etc) and mea-
surement sequences. Usinga key-
board we can perform immediate
measurements to assure on-site
measurements’ accuracy. An al-
phanumeric display facilitates
_ viewing real-time and historical

~ data, as well as keyboard entries

(i.e. time of day and other system

parameters).

System’s stand-alone opera-
tion is achieved by a power
source block which consists of a

solar panel, a battery charger/regulator and a 12V
battery. The battery voltage is periodically mea-
sured, recorded, and transmitted by the datalogger
for self-monitoring purposes (proper system’s op-
eration).

Replaceable EEPROM memory is used to record
data measured from channels. The storing capa-
bility of memory is 4000 measurements for each
channel (analog, time, discrete digital). EEPROM
memory has several internal pointers which are
used to keep track of data for both storage and
retrieval operation. Replaceable memory also con-
tains the programmable parameters for the chan-
nels such as measurement rate, measurement quan-
tity etc, which can be carried from the site of ex-
periment to the laboratory and plugged in the read-
ing card to perform extended data processing.

The core ofthe system is a micro-controller unit
which is actually controlling the whole system’s
operation [ 10]. The micro-controller is principally
composed of a central processing unit (CPU), /O
circuits, timer, serial interfaces and internal random
access memory. The microcontroller is driven by a
low frequency crystal oscillator, which in relation
to a “smart” firmware offers a considerable re-
duction to power consumption, a feature that is
essential to battery-powered applications.

S.A.MO.S is able to communicate with local or
remote computers, and personnel in two ways:

1. A local communication port is used for local
data collection, local system setup, status report,
and diagnostics check.

2. A modem communication port is used for re-
mote programming and interactive communication
ability. Using modem communication port autho-
rized personnel may access the system at any time
to request data collection, status report or diagnos-
tics check. When “alert” conditions occur, system
automatically dials up to preset phone numbers to
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notify key personnel. S.A.MO.S. dials numbers in
sequence until it receives verification that an autho-
rized person has been reached. Users can then ini-
tiate emergency procedures if necessary. In modem
communication port a cellular phone is connected
which is used from system for periodically data trans-
fer to a remote computer for further analysis.

3. SOFTWARE DEVELOPMENT

Software is developed to meet the different needs
of the system’s requirements. System’s software
is divided in three different parts:

* System’s firmware, which is installed in micro-
controller ROM and it’s responsible with micro-con-
troller hardware for proper system operation.

» Communication software, which is capable to
performall communicationtasks including local and
remote communications.

* Data analysis and Internet publication software
which enables data collection, presentation as well
as generation of reports which facilitates display-
ing information on Internet pages.

System’s firmware is based on an R.T.O.S.
(Real Time Operating System)-which is developed
for an 8-bit micro-controller- offers very fast soft-
ware development and gives flexibility that allows
new modules to be added without interfering with
those already in place whenever a system’s firm-
ware upgrade occurs. A software implementation
of real-time clock assures accurate timekeeping.
The operating system executes defined tasks at
specific, regular time intervals. These tasks are
written so that they run immediately and do not
require code to determine the timing of their ex-
ecution. Rather, firmware developer already sched-
ules the rate of execution. This operating system is
ideal for many predicted duration routines with few
or short duration interrupts. Firmware is also ca-
pable of performing scheduled measurements and
store them with a time and date stamp, in a remov-
able non-volatile memory. Intelligent techniques of
data processing are also included, while focus is
given on methods of measurements validation by
checking for improper values or “strange” se-
quences compared to the expected measurements.
For serial communication ports firmware includes
error detection and correction algorithms to pro-
vide confidence that critical data is received/trans-
mitted correctly. The firmware supports “sleep
mode” which reduces the power consumption. The
system’s “sleep mode” is only interrupted when
measurements are to be taken or to interrogate the
communication network for any requests.

Communication between the monitoring system

and the receiving computer either local or remote
is accomplished by means of a special PC-com-
patible communication software. This software is
responsible for data retrieval and system’s configu-
rationusing a user-friendly interface. Remote com-
munication software is also responsible for auto-
answer to any warning signals coming from the
site of experiment/measurement.

Software for data analysis support from one
hand algebraic, statistical and transcendental func-
tions allowing extended processing of data needed
to develop policies based on current scientific un-
derstanding of ecosystem processes.

The final element of the environmental moni-
toring software chain is based on a continuously
updated database. This database contains data re-
trieved from one or more remote sites. The spe-
cially developed software is used fortwo purposes:
for mathematical analysis applying functions such
as algebraic, statistical, and transcendental of col-
lected data and also for data extraction which can
be used either with third-party analysis software
tools or for internet publication. The Internet publi-
cation is based on an automatic generation of
HTML pages and transferring them to a web
server which users will be able to access interac-
tively via the Internet.

4. CONCLUSION

The operating characteristics and the electronic
configuration of a Stand Alone Monitoring System
(S.A.MO.S.) is presented in this work. This type
of automated monitoring instruments can be used
as remote stations, which may continuously moni-
tor the value of various parameters of the water in
environmentally sensitive ecosystems (lagoons, riv-
ers, lakes). The prototype of this electronic system
has been developed at the Electronics Lab., Aristotle
University of Thessaloniki, and is currently in the
test phase to be placed in certain remote areas.
Each S.A.MO.S unit is actually a remote, comput-
erized, field-monitoring station, whichmay measure,
store and then transfer wirelessly the results of all
measurements to a base station for storage, analy-
sis and evaluation. Each of these stations is self-
efficient in terms of power and communications,
and capable of measuring practically any param-
eter that can be measured electronically (different,
independent instruments may connected to this type
of stations). The basic technical characteristics of
S.A.MO.S. can be summarized as following:

1. High accuracy measurements, time and date
stamped derived from eight channels of measure-
ments.
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2. Sensor’s control achieved by all of the digital
output control ports.

3. Storing capability to up to 4000 measurements
in a replaceable non-volatile memory module.

4. Compatibility with practically all types of elec-
tronic sensors.

5. Upgradeable firmware that can be down-
loaded from a remote site.

6. Full access to the system via a cellular or
UHF communication channel.
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