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ABSTRACT OF THESIS

This study will examine the concept and the feasibility
of establishing a comprehensive physical environmental infor-
mation, management, and planning system for the San Antonio
River basin utilizing an extensive sensor system.

A sensor system--for the purpose of this paper--mav be
defined as a network of automatic devices designed to monitor
certain environmental and man-made processes occurring within
a specific geographical area.

The basic premise underlying this system is that certain
kinds of data are essential for planning and subsequently
managing extensive natural and man-made environments. In
order to develop comprehensive regional plans, formulate
environmental policies, and understand the complex and often
dvynamic interrelationships that characterize natural and arti-
ficial environments the planner and the policv-maker requires
information of an extremely high quality in the shortest time
possible. The system outlined in this paper is one approach

designed to achieve this end.
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Introduction

Any system--whether it he a natural system such as a
carefully balanced ecological/biological relationship, or a
devised system designed by man--is characterized by two major
properties, namely its behavior, and its internal structure.
The behavioral properties of any system relate to its input-
output functions. These functions are essentially stimuli-
response reactions to the external environment. The stimuli
impinging on a system represent an input, and the response of
that system represents a reaction to the external stimuli. For
example, in a natural system the climatic conditions occurring
in a specific geographical area are the result of a number of
interrelated environmental factors or stimuli such as solar
radiation, prevailing wind patterns, rainfall, and cloud cover,
These stimuli are modified by the intensity or degree of cloud
cover, land form, forest cover, the presence of large bodies of
water, land utilization-agricultural, recreational or urban,
and the location of the area with respect to its latitude and
longitudinal coordinates. These environmental elements are all
interrelated in the sense that each contributes to the result-
ing phenomenon or response which in this example is the climate
of a particular environment.

In defining a system--whether it is a natural system or a

devised one--the idea of subsystems and their subsequent
1



Tinkages is an important conceptual tool. Al}l svstems are
constructed bv an additive process that links torsether single
elements or components into a larger, more complex svstem.
This means that svstems can be changed bv rearransine their
internal components or sub-elements. For example, in a
devised svystem, such as a transportation network, the addi-
tion of new pathwavs will change the intensity of flow throurh
the original network. In a natural svstem, such as a river
svstem, the addition of dams will have an effect on the eco-
logical conditions of that river's svstem.

This process of creating larger svystems is brought about
by a "synthesis'" of subsystems. The inverse process of reduc-
ing a given svstem into a series of subsystems is called
"proiection". The abilitv of svstems to adapt and to link up
components in order to create increasinglyv complex structures
or hierarchies is an important conceptual ftool in designing
comprehensive environmental information, management, and
planning systems. However, in designing such a svstem one
must also take note that each svstem is defined by its own
particular universe, and its own relationships with the
external environment. These constraints limit, to some
extent, the amount of interaction that any devised, man-made
svstem can have with the natural environment. In addition, the

transfer of information from one tvpe of devised svstem



to another, or from the natural environment to a devised
system represents only an approximation of the particular
phenomenon or value being measured.

It is necessary to distinguish more precisely between
the natural environment and the artificial or quasi-artificial
environments created by man. A natural environment is essen-
tially a "complex of climatic, edaphic and biotic factors that
act upon an organism or an ecological community and ultimately
determines its form and survival.ln An environmental system
consists of a set of interrelated processes acting within a
complex ecological relationship. This relationship is in a
constant state of change, and each set of processes occurring
within this relationship has some kind of repercussion upon
some or all of its member variables.

The natural environment operates through the ''‘laws of
nature." It includes the whole biosphere as well as the
atmosphere, and all of the interlocking ecological/biotic
systems within the biosphere. Artificial, or man-made environ-
ments are those environments created by man for the nurpose
of sustaining and protecting himself from the natural world,
These environments are also the result of man's soccio-cultural
responses to that world. The scale of these man-made environ-
ments range anywhere from the micro-svstems created by man to

protect himself from the rigors of the immediate environment

1ng§ter'§ Seventh tlew Collegiate Nictionary (1969)




to the vast urban complexes which sustain a hich order of
social, economic, political, psvcho-cultural, and institutional
interaction.

The artificial environment unlike the natural environment
is essentially a devised system. However, like the natural
environment, it is characterized by its behavior and its
internal structure. Both of these characteristics can, to
some extent, be monitored and subsequently measured. For
example, the intensity of crime in a certain neizchborhood,
income levels, housing quality in an urban area, transporta-
tion flows between metropolitan areas, and regional nopulation
densities are all phenomena that are common to man-made environ-
ments which can be monitored and measured over time. These
phenomena are also interrelated within themselves as well as
with the larger, more encompassing biosphere. Thus, the feed-
back or cybernetic relationshins active within the artificial
environment, and between the aritifical and the natural
environment becomes extremely important in terms of its
effect on both environments.

Although both kinds of environment and their related
systems are basically different they cannot be totally isolated
from one another except in very special situations. BRoth the
biosphere and the man-made environment(s) impinge directly and
indirectly on the life processes of the human body and upon the
functioning of human societies. Conversely, human societies

have a direct impact on the biosphere. Thus, both environments
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may be said to be "under the influence of natural conditions
and of human action and each of its component parts is influ-
enced by its relations to the other parts of the cmmp]ex.”2
The San Antonio River basin will be the primarv naturasl
environmental system for the proposed information, management,
planning system henceforward referred to as the IMP/S. The

reasons for using this basin are twofold: First, it is a
reasonablyv well defined geographical region; and, second, it
offers a fairlv well known ecolorical/biotic framework for the
I1P/5.  However, it should be emphasized that the IMP/S concent,
as envisioned here, can be adapted to fit anv defined reorraph-
ical area or environment.
The IMP/S is desipned snecifically to monitor conditions
in both the natural and artificial environments and then
transfer these data to either an apnropriate decision-maling
point within the system; or, stored for future use in a Adata
banlk. Thus, the question of how to sather, process, analvze
and disseminate data concerning a hroad rance of environmental
conditions fo a diverse groun of users is an important one.
However, just as important is the question of determining the
kinds of data that are needed, and how that data will ulti-
matelv be used.

br. Donald W. Pritchard, Director of the Chesapeake Bav
Institufe noted in a recent svmposium dealing with water and

air resource management, that “most environmental data have

2]
: “Philip Waener, The Human llse of the Farth {("flencoe,
[T1innis: The Free Press, 1969), np. 153-150.




been collected under programs without adequate consideration

3 He then suggested a

of how the results will be used.”

course of action:
First, we must recornize that from a practical standpoint
it is impossible to develon a single overall observational
nrogram involving even a limited number of environmental
pararieters and a restricted natural environment, that will
provide data suitahle for use in answering all, or even a
considerable fraction, of the questions that need to be
answered regarding the subject environment.

It should be understood that the methods and timing of
data collection suitable for the treatment of one question
about the environment will seldom be satisfactory for dealing
with other questions unless the data is organized into some
kind of data relationship or file structure which would relate
to the needs of a wide range of specialists. In order to
expedite the flow of information from one point to another
the user of the IMP/S must know in advance not only the kinds
of information he will need, but also how this information
will be used. VY'hat is implied here is some kind of system
that would not only monitor and subsequently measure certain
conditions in both kinds of environment, but also automat-
ically assess and index this data in such a way that the user

could readily interpret what is occurring within a defined

spatial structure.

Banald W. Pritchard, "Interpretation and Conclusions, "
Proceedings of the |IBM Scientific Computing Svmposium on Vater

and Air Resource Manasgement (IRPM Data Processine Division,
'"hite Plains, MNew York, 196R8), p. 241,

L

I1hid.



In deciding on the specific information to be included
in this svstem, two basic rules will be applied: the rule of
parsimony, and the rule of specificity. The former states
that only critical information should be included in the
system to avoid information overload. The latter rule speci-
fies that ""for each piece of information included in the
system, the dimensions or units in which it should be measured
must be specifically identified to avoid ambi;r,uity."5 However,
in applying the rule of ‘“‘parsimonv’' one must make a careful
distinction between the information requirements of the
decision-maker, and the data needs of the analyst. Since both
will be served by the same system, this distinction becomes
important. The decision-maker generally requires very broad
information inputs to arrive at decisions or formulate nolticy;
while the analyst is more concerned with specific data inputs
so that he can measure, test, and study discrete variables.

In order to carry out this environmental monitoring and
information transfer function, the IMP/S will consist of six
interdependent systems: a sensor network, a telemetry system,
an operations or surveillance center, an environmental infor-
mation and planning system, a comprehensive simulation system,

and an interactive computer svstem.

“Uarner 7. Hirsh and Sidnev Sonenblum, Selecting Regiona
formation for fovernment Plannineg and Necision Making

nstitute for Urban Studies, lashineton University, St. Louis,
1t, Rinehart and Yilson, 1970), p. 11.
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The sensor network is used to monitor and measure envi-
ronmental processes occurring within a defined geosraphical
area or environmental grid. This prid is designed to serve
as a framework for encompassint a geogranhical area with a
multi-dimensional array of sensors. The grid also nrovides
the basic environmental observation, monitorine, and measure-
ment structure for the IMP/S.

The telemetry system is used to transmit data to and
from the sensor network. The nucleus of the entire system
is the surveillance center. This center houses the environ-
mental information and planning system, simulation system, and
interactive computer system. |t also coordinates the oneration
of the telemetry network.

As the data is received at the surveillance center it is
processed, indexed, compiled, and then transferred into the
IMP/S. The IMP/S, in turn, is desirgned to store, retrieve on
demand, and automatically disseminate pertinent data to
individual specialists. In addition, specific data items are
directed into specialized information subsystems. The sirmula-
tion system--which is intesrated into the IMP/S--is used to
depict social, economic, and environmental conditions. In
general, the system is designed to offer the analyst, planner,
or environmental protection administrator a wav to senerate
scientifically based estimates of current and future states of
the natural and man-made environments. The interactive

computer system allows the analyst to work directly with his
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data. 'sine this mode the analyst would be able to interject
new variables into a series of dynamic model structures. In
effect, a "dialogue” is created between the analyst and the
computer,

I'n surmmary, the basic prenise underlying this svstem is
that information is an essential factor in planning complex
natural and man-made environments. This need requires the
development and implementation of a very sophisticated man/
computer/sensor interface with the external environment, and
other program/agency networks that can facilitate the trans-
mission of pertinent data from point A to point B, As 3
result, a system utilizing a conplex array of sensors,
computers, data banks, and interactive displays will be needed
to handle the vast information innputs acauired by this network.
By channeling this input through the system and programming it
into meaningful information formats desisned to describe a
wide range of phenomena occurring within a specific ceographi-
cal area, the user could expect to receive in the shortest
time possible a realistic assessment of the area or phenomenon

being monitored and measured.



STATEMENT OF THE PROBLEM

The purpose of this study is to: (1) Define the data
requirements needed to evaluate, monitor, manage and plan for
a specific geographical area; (2) develop a computer based
system for collecting, storing, processing, and transmitting
data from both natural and man-made environments; (3) study
the current technology and application of sensing devices
designed to monitor and measure specific environmental proces-
ses; (h) examine the possibilities for integrating a composite
sensor network with a combined environmental information,
management and planning system; (5) design a general environ-
mental information, management and planning concept that would
be applicable to a wide range of regions: (5) investigate the
potential of using environmental simulations for monitoring
certain natural and man-induced processes; and (7) develop an

environmental planning and management methodology.

i



CHAPTED |

SYSTEM CONCEPT

This chanter will be concerned with outlining the basic
configuration for an operational IMP/S to be used in monitor-
ing and planning for the San Antonio River basin. The river
basin region is shown in Figure 1.1. A very sgeneral landuse
map for the rezion is shown in Figure 1.2.

The San Antonio River basin is bounded on the north and
east by the fGuadalupe River basin and on the south and west by
the Mueces River and San Antonio-lNueces Coastal basins, and
includes within its boundaries parts of Kerr, Bandera, Bexar,
Kendall, Comal, Guadalupe, Uilson, Karnes, foliad, DeWitt and
Victoria counties. The basin heads on the Fdwards Plateau in
the Great Plains georraphical nrovince, and leaves this
province near San Antonio to continue to the Gulf of Mexico
throursh the Coastal Plain province.

The population of the San Antonio River basin in 1970
was approximatelv 999,000, The Texas ‘'ater Nevelonment Roard
has estimated that by the vear 2020 the nopulation in the
basin will increase to about 1,824,500, O0Of this proiected
total, about 1,740,000 peonle are expected to be concentrated
in urban areas having populatinns sreater than 5,090, The
S5an Antonio metropolitan area--which includes the cities of
San Antonio, Alamo Yeights, Terrell Hills and Castle Hills--

11
R
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13
is the dominant urban center inthe basin having a total
population of about 670,000 peopnle in 1970. This population
figure makes up about 68 per cent of the total nopulation in
the region. The 1970 populations of these and other munici-
palities Inthe basin, and their projected population growths
for the years 1990 and 2020 is shown in Table | below.

Table I. Population projections for selected
municipalities, San Antonio River Basin.

City 19705 19907 2020°
Alamo Heights 6,933 9,000 10,900
Castle Ilills 5,311 6,700 11,000
Floresville 3,707 4,000 5,000
Goliad 1,709 3,600 6,500
San Antonio 654,153 1,154,100 1,693,600
Terrell Hills 5,225 7,000 8,700

Figure 1.2 indicates that most of the San Antonio River
basin is devoted to agriculture. The major urban center in
the region is San Antonio. San Antonio is also the primary
commercial and industrial center for the region. The upper
basin which includes parts of Kerr, Bandera, Kendall and

Comal counties has developed a rather extensive recreational

6U.S., Department of Commerce, Bureau of the Census,
United States Census of Population: 1970, General Ponulation
Characteristics, Texas.

?Texas Water Development Board, Reconnaissance of The
Chemical Qualityv of Surface “aters of the San Antonio River
Basin, Texas (Texas !later Development PRoard, Austin, Texas
April, 1969).

®lhid.
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15
and retirement industry that is expected to grow steadily in
the future. The lower basin, to the east and south of San
Antonio, is oriented mainly towards agriculture and related
industries.

There are four major reservoirs in the San Antonio
River basin. The Medina Reservoir is by far the largest.
This 254,000 acre-foot reservoir is located on the Medina
River and is approximately 15 miles northwest of San Antonio.
Its primary function is to provide a water supply for irriga-
tion of lands in Bexar, Medina, and Atascosa counties.

Olmos Dam, owned by the City of San Antonio is used
for flood control purposes and nrovides flood protection
for a large part of the city. Approximately five miles
southeast of San Antonio, the City Public Service Board has
constructed the Victor Braunig Dam and lake. This 26,000
acre-foot reservoir is used mainly for cooling water for a
steam electric power plant. Calaveras Lake, also located in
the southeastern part of Bexar County, is used mainly as a
cooling reservoir for a power station. In addition to their
primary functions as cooling reservoirs for power plants,
these lakes are being develoned into major recreational areas.

The cities of San Antonio, Alamo Heirghts and Terrel]
Hills obtain their water from the Cdwards aquifer as do
several smaller communities in the unpper basin. A number of
small communities in the lower basin are using sround water

from the Carrizo-'/ilcox and Gulf Coast aquifers for their

viater supplv.
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fn 1960, according to Texas llater Roard statistics
approximately 99,700 acre-feet of cround water was used for
municipal purposes, and about 600 acre-feet was used for water
flood operations in petroleum production. In 1964, about
46,300 acre-feet of ground water was used for irrirFation in
the rerion.

Fizure 1.3 shows some of the sources of major nollutants
in the San Antonio area and surrounding regions. The primary
sources of water pollution in this resion are sewer plants and
septic tanks. In addition, oil fields, pesticides used in
agriculture, cattle feeding stations, surface runoff, and a
number of processing plants in the San Antonio metropolitan
area add to the water pollution in the region.

The major air pollution sources in the San Antonio area
were determined bv a survev conducted by the San Antonio
Metropolitan Health District in 1968 of all establishments and
properties which might possibly have heen an air pollution
source. Figure 1.4 shows the major stationaryv sources of
pollution as determined by this survey. HMNot shown are area
sources such as residences and commercial establishments which
burn fuel for heating, air fields, and various commercial
activities which contribute to solvent losses such as drv
cleaning shops and rasoline stations.

According to the 1968 Metropnlitan Health District
survey report, transportation modes accounted for about 76 per

cent of all the air pollution in the city of San Antonio and
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19
Pexar Countv. Automobiles alone accounted for 99 per cent of
All the emissions from the transportation sources with trucks,
buses, trains and aircraft making up the other ten per cent.
The report went on to point out that:

The industrial category was the next largest contributor
of emissions and included nrocess losses as well as contami-
nants from fuel combustion in furnaces md boilers, and solvent
losses from storage of petroleum products. The major emission
from industrial processes were from the manufacture of cement
and lime, asphalt batching, rock crushing and concrete produc-
tion. Other emissions were from metal foundry operations,
feed and erain processing, petroleum refinine, roofing manu-
facturing, and burning of salvage materials, especially junk
car bodies.

ATl of the other categories accounted for only 3% of the
emissions, including emissions from the generation of electric
power, heating of residence and commercial establishments,
open burning of solid wastes and losses of solvents from the
transfer and storage of rasoline at bulk terminals and service
stations and dry cleaning operations.

Figure 1.5 shows the present air and water monitoring
system for the San Antonio River basin., Rainfall measurement
stations are located at Medina, Boerne, Rulverde in Comal
County, Classen Ranch directly north of San Antonio, Loop 4190
near the San Antonio International Airport, Floresville in
Wilson County, Falls City on the San Antonio River, Cestehowa

in Karnes County, Karnes City, Kenedy, Runge, and Goliad.
Gauging stations are located at Pipe Creek in Medina County,
Boerne in Kendall County, Selma in fiuadalupe County, Rio
Medina in Medina County, Loop 410 in northeastern San Antonio,

Alamo Street in San Antonio, southeastern 5an Antonio, Southern

Lal

“San Antonio Metropolitan Health District, Texas Annual
Report: Air Pollution Proiect (1968), p. 6.
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Bexar County near the intersection of Highway 281 and the
Medina River, Elmendorf, San Antonio River near the ""ilson/
Rarnes County line, Cestehowa in Farnes County, and in the
city of Goliad.

The existing air sampling network for San Antonio and
fSexar Countv is also shown in Figure 1.5. Table 11 below
zives the general location of each sampline unit in the net-
work. Each unit is desisned to measure the following: the
amount of suspended particulates in the air, the amount of
oreanic soluble particulates in a given volume of ajr, the
amount of settled particulates, and the sulfation rate of
sulfur dioxide in a given volume of air.

In designing a2 comprehensive sensor network for the San
Antonio River basin, the sensor deployment nlan should take
into consideration not only the rhenomenon to be monitored,
but also its area of occurrence, the location of other sensor
devices with respect to the phenomenon, the rate of phenomenon
occurrence, and its masnitude and area coverage. The accessi-
bility to and maintenance of sensor devices must also be
considered in formulatine a sensor deplovment nlan.

In reneral, the operational system will be desirned to
maintain varyine deeorees of surveillance over the entire
recion. It will consist of three major data collection/sensor
systems: a satellite data collection system which will use 3
nodified NASA, Earth Resntrces Technolorsy satellite systemn;

an aircraft surveillance system; and a composite surface/



Source.

Table 11. Fixed Air Sampling

Stations--

San Antonio Metropolitan Area

Location
Helotes Park
Frederickshburs Road
Morthwood Estates
Culebra Road
Oal Hills
Cadillac Drive
Horthern City Service Center
Hewnort
Converse
Hirhwayvy 90 Yest
Lackland
Lady of the Lake
Fdison Drive
Midcity--Cornoration Court
Seale Road
S. Zarzamora

Rhoda Avenue

South Fast City Service Canter

Beck Road
Somerset

Braunis Lake

District

Geographic Area
Bexar County

Bexar Countyv

Bexar County

City of San Antonio
City of San Antonio
Pexar County

City of San Antonio
City of San Antonio
Pexar County

Pexar County

Bexar County

Citv of San Antonio

City of San Antonio

-

City of San Antonio
City of San Antonio
City of San Antonio
City of San Antonijo
City of San Antonio
Bexar County

Rexar County

Pexar County

Air Pollution Project-1968 Metronolitan Yealth

)
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subsurface monitoring svster. Fach of these svstems will
encompass its own sensor component, telemetryv/communications
subsvster, computer linkup for processing environmental data,
and an automatic displav component. The total sensor confiou-
ration is outlined in Chanters Il and 111. The telemetryv/
communications network which provides the framework for
integrating these data collection svstems into the operational
svstern is discussed in Chapter IV.

The overall environmental structure for the pronosed
IMP/S is outlined in Fisure 1.6. For practical reasons the
region will be divided into three types of surveillance zones:
primary, secondarv and critical. An area will be defined as
A primary surveillance zone if it meets two or more of the
following criteria: (1) the area must be Tmoortant to the
overall economic well-being of the region, (2) there must be
a high desree of urbanization occurring or existing in the
area, (3) certain environmental conditions or features that
are important for human survival and well-being must be
located in the area, (&) the area must be important to the
overall ecological and biological environment of the region.

In addition, areas having high degrees of air and/or water

pollution, watersheds, airsheds, major transportation corridors

aquifers, forests, reservoirs, lakes and flood plains will be
included in this classification. Those areas not defined as

primary will be automaticallyv classified as secondarv., Critical

£
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25
surveillance zones will encompass high priority areas where
intensive monitoring is essential over an extended time span.

Environmental elements included in the primarv and
critical zones will receive maximum coverare; whereas, those
elements located in the secondary zones will receijve varying
degrees of coverage. Maximum coverage will involve the use
of all data collection systems, while minimum coverage will
usually require only one, or at the most, two data collection
svstems. For example, for those areas classified as secon-
darv the satellite system will be the major data collection
system used. However, if additional monitoring or surveil-
lance is required the aircraft system could be usad, The
primaryv zones, on the other hand, will have rather extensive
surface and subsurface sensor infrastructures in order to
maintain constant surveillance over the aren. In addition,
periodic airborne and satellite surveillance will he maintained
to supplement and complement the surface/subsurface svystem,
Critical zones, unlike primary zones, will bhe smaller, and
sensor deployment will be more concentrated in order to
intensify surveillance.

I'n the San Antonio River basin there will be fijve
primary surveillance zones. These zones are as follows: (1)
the San Antonio metropolitan area, (2) the Fdwards aquifer subh-
resgion, (3) the San Antonio River from its head in San Antonio
to San Antonio Rav in the Gulf of Mexico, (4) the Medina River

from the northwestern corner of Randera County to jits



intercention with the San Antonio Piver in southern RBexar
County; and, (5) the Cibolo Creek region from Doerne to jts
interception with the San Antonio River in southern Rexar County.
The rest of the rezion will he assiconed a secondary status. Mo
critical zones will be initially established since the nrimary
zones designated above shou?d'be sufficient for the foreseeahle
future, ‘!lowever, the survey classifications nnted ahove can

be expected to chanre as needs and priorities chanre. Thus,
the environmental structure outlined in Fisure 1.6 is a flex-
ible one. Future demands misht rcause this structure to expand
into other areas in the basin. Conversely, some areas now
defined as primary zones could hecome secondary or critical

in the future.

Each primary surveillance zone is divided into a svstem
of environmental g¢rids. Firsure 1.7 outlines a nreliminarvy orid
location plan for the San Antonin River basin. The erid con-
cept (see Chaonter 1Y) is a means for structurin~ the environ-
mental monitoring svstem, It 1s also used as a framework for
deploying sensors within a narticular ceorranhical area. In
addition the erid is used as a ceoeraphical reference system
for codine imnortant environmental elements in the recion.

Fisure 1.8 describes a nreliminarv sensor denlovment
nlan for the San Antonio River basin. The kinds nf sensors
used, their disnersal within the crid, and their data linkare
with the Central Processing Unit (CPU) will be bhased on the

kinds of phenomema to be monitored, the detection capabilities



FIGURE 1,7

ENVIRONMENTAL GRID FRAMEWORK

% Standard Grid 4xh miles




ucljiels |lejuley OO
J1un Suldoljuoy Jdaiep AW
Jlun 49ZA[BUY JB3BN IT
23dner JdaAaly @

11U d0SUdg FUIJ0J U0l AIY X

‘Bl5 [BD1T0|J0819y 330U g
10SUag Jajemdapun .

sdosuag pazi|eloads

NISYE ¥3AIY OINOLNY NVS
NV1d LNIWAOTd3d dOSNIS

8°T JUNUI4

NNOHTYD

,/. ) -
™, Ve
N, J e
NOSNOYP /, viorsia | o
. ~
N e s
N :
SN
IR CL /AT,
e .
e “~
A
/,
,/.
— L , L
e Yy L
- o'
M \ . LLEE]}
,).H.\m,..m_m.n.u/\.?...
EITEICH
4 . . .
ya 4041898 N Vi “«
. A P ./.;5 / N
R 7 \
~V\ ! /
x\\ ./J
v . ,_,
e L ;!
/ . / |
siaves B _
/ N~/ ——
o/ |
/ Y !
; / _
/ / "

\\ g sy e ——— —— -

s

| ,
LERRLL] E 775 ¥ . ‘7!

VEGIEVIY | "oy

T[‘FEIP‘P»T‘.i.J]l'l.ﬂn.u-l—! THdwan T T T

Ty | wwax

........... FasaTie ..\‘\‘|._ O
_ 4m%
\_\\.m._b‘% Y OO
Ay T —_




29
of each sensor unit, the specific data acquisition and trans-
mission rate of each sensor device, its coverage capability,
and the amount of detail required by the mlannins and manage-
ment components of the IMP/S. In addition, easy accessibility,
the availability of reliable power sources, and low mainte-
nance needs are important factors coverninge the deployment of
certain types of surface and subsurface sensor units. Tahle |1
on page 109 describes some of the major operational character-
istics for each sensor device that will be used in the network.

The preliminary network outlined in FirFure 1.8 indicates
both the kinds of sensor devices that will be used and their
reneral location. However, it should be noted, that only the
surface and subsurface systems are described in this chapter.
The aircraft surveillance system will be used to monitor each

of the primary zones on a periodical basis. The satellite

(%)
w

vstern is designed to monitor the entire 5an Antonio River
basin on a predefined schedule.

The surface system described in Ficure 1.8 will include
at least six rermote meteorological stations which wil] be
desipned to transmit automatically certain !“inds of meteo; -
logical data to the CPU. Their main function is to nrovide a
comprehensive climatic picture of the region. The air monitor-
ing network will be expanded to cover the entire basin. The
exact location of these monitorine stations will depend on

the precise evaluation of known air pollution sources and

prevailins wind vectors in the recion. The wvater monitoring



in

and analysis svstem will he dispersed alonr the "edina and San
Antonio Pivers, in the Cibolo Creek region, and on the Vedina,
Calaveras and Zraunje lakes. ''ater monitoring units will also
be located on certain tributaries in the rerion such as
Salade Creek, lLeon Creelb and a number of larecer feeder streams.
Underwater sensors wil) he Strategically located in the major
rivers and lakes in the recion. Again the exact location of
these sensor units will depend on the requirements of the
environmental management and planning component of the IMP/S.,

Snecialized surface and subsurface sensors wili alsan he
denloved throurhout each nf the primary sectors. These
sensors will be designed tn neasure specific phenomenon such
as local particulate levels, carhon dioxide levels, local
climatic conditions, soi] conditions,wildljfe movement
patterns, noise levels, underrround water aquality, traffic
flows, etc. The exact location of these specialized sensors
will depend larrely onthe needs of special user grouns
associated with the IMP/S

Ficure 1.9 describes the hasic telemetry system, As
noted above, every zrid will have its own sensor conficuration.,
Fach srid will contain both remote and Interactive sensor
devices capable of measuring surface, subsurface and atmospherie
phenomena.  Faeh device, in turn, will be linked tn a data
concentrator throurh 2 telephone cakble connection, or by a
microwave svstom, The concentrator, as explained in Chapter

IV, serves as ;3 buffering device which inteecrates data from a
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32
number of individual sensors into composite messages. These
messages are then re-transmitted via a telephone line to a
node station. The node station stores all data transmissions
originating from the concentrators, and prepares them for
retransmission to the CPU. The CPU facilitv controls the
operation of the entire sensor-telementry networlk.

The transmission-communications hierarchy for the net-
work is as follows: The basic transmission link will oririnate
at the sensor level, and then passes throurh a concentrator,
node and thep to Lis OPU fFacility. The CPU, ir turn, will he
able to communicate directly with either of these components .,
Oniv the romn o meteornl . -Teal stations, air samnline stations,
and water monitoring/analvzer sensor units will he directly
Tinked to the CPU through a telenhone-telemetry svstem, This
means that these sensors will need ta have intermediate buffer-
ine devices. The rationale for this direct transmission 1ink
is that these particular sensor devices are concerned wifth very
critical environmental vectors which rmust he constantly moni-
tored in order to effectively evaluate recional phenomena and
environmental status on a real-time hasis.

A simplified concent of an operational IHP/s is
described in Figure 1.10. The system will operate as follovs:
Data is constantly picked up from environmental sensors
dispersed throurhout a reocraphical area, All of the data
collected by both surface and subsurface sensors Are then

transmitted via data concentrators to a node station. The node
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3k
station filters out all incomins analoe data, and nrepares it
for re-transmission via telenhone lTinkun to a central process-
ing unit located at the Surveillance fenter. The Surveillance
Center consists of three MAJjor systems: a computer interface,
data bank and an environmental information, manacement and
nlannine svstem.,

Fisure 1,11 describes some of the basic comnonents of
the data communications system of the IMP/S. The system jtself
is a relatively closed one havineg verv 1ittle interaction with
the external environment. The sensors are, in effect, the
eves and ears of the [MP/5S. Thus, the system receives a pre-
selected stimulus, measures it, prenmares it for transmission,
transmits the sienal, and ultimately directs the measured
value into a computerized information systen.

For the sake of claritv one can percejve each component
as a separate element. In the process of defining each of
these comnonents or subsvstems we wil] first indicate their
primary role and then proceed to describe verv briefly their
major function:

Component Primarv RPnle Function

1. Transdiucer Sensing Converts physical avantities
into a form of energy

2. Signal Modification Processes and modifies the
Conditioning output signal from the trans-
ducer in order tn make |t
suitable for further modifi-
cation,
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b.

5.

6.

7.

g.

9.

10.A-D Converter

11.Dermultinlexor

Multinlexer

A-DConverter

Modulator

Buffer

Telephone
Line

Peceiver

Demodulator

12. Information

tem.
modified.
amplitude, frequency or phase is modulated.
multinlexer
simultaneously on
analog converter qu

thereby transforming it into a digital

Svstem

Modification

M"odification

Modification

Storage

Transmission

Modification

Modification

Modification

Modificationn

Processing

36
Forms a composite transmis-
sion sienal or a sinele
transmission circuit.
Digitizes the amnlitude of
an analoes sipgnal.

Nata is converted into a
sinele frequencv for trans-
mission,.

Nata is stored for transmis-
sinn.

Conveys the sienal at a
snecific frequency.

Amplifies the incoming siec-
nals to make them suitable
for additional modification.

The inverse of modulation,
the combined sirnal is
senparated into a numbher of
frequencies.

data back
analos data.

Converts siecnal
into digital or

Filters each siesnal to
reproduce the oririnal data.
Data is processed and
channeled to appropriate
decision boints.

Figure 1.12 also outlines the data modification subsys-

the same circuit or channel.

A1l data received by the sensor is processed and

he data signal is first calibrated and its

A sequential

is used to transmit several signals or messages

A digital/

antifies the amplitude of an analos sisnal

signal. The siecnal is
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then transmitted throurh a telephone circuit.

The computer interface outlined in Firure 1,13 serves
as a boundarv between the computer and the external environ-
ment. A1l data comineg into the computer svstem or roing out
to the sensor network are nrepared here. In-coming data are
demodulated, decoded, and processed to make them compatihle
to the computer svstem, Out-soing siFnals or messages are
coded and modulated for transmission to each of the data
collection svsters in the sensor network.

Figure 1.14 describes the initial processing of data.
The computer first scans all incomine data and channels |t
into aporopriate components., The data is then checked further,
filtered and then transferred as outonit to the Surveillance
Center. The Surveillance Center is the core of the whnle
svstem, I'ts primarv function is tn monitor the entire bhasin,
nlan for and manage ifts natural and man-made environnents,
maintain a viable ecological system for the basin; and, take
prompt action in case sonme kind of environmental crisis takes
nlace. The Center, which is described in Firure 1.15, encom-
passes three major subsvstems--a ranarement information sub-
svstem, an information-decision subsyster, and an operating or
planning subsysten. Chapters VI and VIl describe the manase-
ment/information, and information-decision subsystems respec-
tively. Chanter IX outlines the planning subsysten.

The Surveillance Center is built around a datra bank and

programming svstem which coordinates ali of the other functions
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in the Center. !!fthin the Center a variety of functions will
be performed on the data collected by the sensor network in
order to provide specialists with the data they want in the
desired formats. These functions include:

1. Initial Processing

2. Duick Reaction Analvsis

3. Storagse and Retrieval of Data Files

b, Data RPank feneration

5. Processing of lUser Requests

G. Data Reoroduction and Distribution

7. QResearch and Planning

The data collection system provides three kinds of data
to the Surveillance Center, These are the wide band video
fimagery) data taken hy aircraft and satellite cameras, the
dirital data collected bv satellite, surface and subsurface
sensors, and multi-spectral photorraphs tablen by aircraft and
satellite systems., Initial nrocessing involves the correla-
tion of these data and the preparation of them in forms so
that thev can be further used, This processing will be done
in the computer facility.

One carly analvsis function will be to channel certain
data elements into an Farly Yarning System (E15) to determine
whether critical conditions are developing in the basin
environment. In addition, through prior specification some
of the imagerv data can he examined immediately in order to

determine if they contain time-sensitive Iinformation reaquiring



immediate action. This Tuick Reaction Analysis function s
designed to pin-point known environmental conditions cccurring
in the region so that immediate action can bHe imnrlemented,

The Response Simulation svstemn (RS5) is a software system
designed to use this data an< analvze it in order to forrmulate
effective policies or courses of acticn to allevizte or modify
a certain condition,. Figure 1.15 describes the relationship

{5 0

between the system and the rest of the 1HRp/s, In this
example, air quality Adata is channeled inte an Ajr Auality
Control Madel, This data is then correlated wirh real time
meteorolocical data, In addition, predjcted meteorologsical
values are interjecter into the rindel. As this data is pro-
cessed, other variables are merged into the mode] such as
pollution emission sources, atmospheric conditions in the
region, and air quality vectors over a specific area. Code
standards and code enforcement data are then merged with the
ongoing simulation. The resuits of this simulation are then
listed and forwarded to the appropriate decision-naking levels.
This 1isting could be either a simple presentation of alterna-
tives that could lLe used to rectifv gz certain condition con-
cerning air quality over a particular area: or, it couild
provide general policy parameters which could be used by the
decision-maker or administrator in developing new controls and
standards to maintain optimun air quality conditions. Although

Figure 1.1¢ lists only four basic ns moﬁels——environmenta]
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crisis, air quality control, water resources, and traffic
control--nany more can be added to the system.

A major function of the Surveillance Zenter will Le the
storage and retrieval of data files from which reproductions
are made for distribution in response to user requests. The
files themselves will be listings of received data, positive

and negative transparencies of hboth rectified and unrectified

versijons of aircraft and satellite photeographs, and

color
negatives. In addition, tabulated digital printouts, maps,
and special simulated printouts will be made available,

Retrieval of these files will be by compruter. This

retrieval process will be based on & special index file which

~

lists all data as they are being stored in the conputer dat
bank., Reguests can be received automatically (as a result of
a prior specification for certain data items) or at randon
times. Hon-automatic requests will be accepted for specific

[

pated that some

a2lso an

W

data ftenis or reports. It

P

requests may bLe received in other forms, requiring research on
the part of the Center personnel or a designated ~roupn.

The generaticn of data files will Le a rezular function
of the Surveillance Center. There will be four master files
in the systen--fnvironmental Files, 2rid Files, Derived Tata
Files, and Model Nenerated Nata Files. Each file classifica-

tion is based on the tvne of information included, the intensit,

[5]

nd extent of coverase (the geozranhical, nolitical, econonmic,

or social unit encompassed), its origin and its intended use.
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These files, in turn, are further subdivided intn sub-files.
These sub-files will include data on reneral nhenomencon class
vectors and basic data catesories or subvectors. The overall]
IMP/S Information svstem is described in Chanter V1.

The Surveillance Center will also oparate and maintain
a sSatellite Systems Data Zanl., This data hank will be desirned
to store and process information related fo that collected bwv
the satellite sensor svster., It will 2lso rontain references
to results of analvsis of satellite data, and data indexes
relating to material on the same subject hut renerated from a
different base. 7The exact ecnntent of such a data htase for
the Center is uncertain at this noint, but when one considers
the potential impact of such satellite systems as the Carth
Pesources Satellite (EDRS), the Farth nesources "hservation
Satellite (5P27), and the Farth Pesources Technolory Satellite
(ERTS)Y, the need for a specialized data base is clear, It
should be ermphasized that this Satellite Systems Nata 2anh
will handle only satellite sensor data.  Consequently, therno
will be two major data banls in the system--the lareer, more
general 1MP/S Adata banlk, and the smaller, more snecialized
S5atellite Svstems Nata Ranl. However, hoth data banks will be
linked toeether in order to facilitate the znalysis of environ-
mental data, and for display ourposes.

The reproduction and distribution of sensor data will he

one of the major furctions of the Surveillance Center.

Althourchk very fou requests would be expected for masnetic tanes



of video data, reproductions of these could Lo made available
by prior request. ‘“lost rcquests for sensor data vi1] nrobably
be for tabulated in“ornziio. . two and three-color composites,
and black-and-white photographs in both transparency and print
forms.

The distribution of sensor data will bhe mainly facili-

Ty

tated through an inter-agency linkup arrangenent., lerote
terminals will be used by other user eroups to enable them to
secure their data on a demand basis. The user could also
manipulate certain data elements by interactive techniques.
The user would forrmulate the protlem in a user languace and
specify the needed data. The proper programs would then he
activated in the 1MP/S software system and the computer
would sort, edit and update all relevant data items. A com-
plete data paclage is then developed and displayed on the

terminal display screen. This paclage could then Le eng

ad

o]

directly form the terminal display and used immediately. The
interagency link-un will also provide remote mappin-~ and
plotting systemns allowing the user to secure special maps,
sraphs, schematics, and three-dinensional statistiecal diasrams
from the 1MP/3 on a real time basis.

The Surveillance fonter will have to increzase jts func-
tions and capabilities regularly 1f it is to service jts Jasers
properly and enhance its own operational efficiency. To

permit this, a research group should ke an integral na

t of

-

the Center. This grodp will have the following responsibilities:

} - hS Bt



1. Define new data neecds.

2. Update, rmodifyv, veri€y an( replace current simula-
tion nodels and Adoavelop new models.

I, Improve Center data handline functions.

Investirate various processing technigues te aid in

i
.

the analysis of data.

(V]

. Necormmend new facilities for tho systen,

o]
.

Train personnel.
7. [Determince new applications andt requirements for each
of the data collection systems.
'n zeneral, this zroup will assure the croper growth and utili-
zation of the [!'P/S.
The major decision-making, planning and management

-~

component in the !"P/5 will he the Tvaluction and Policy Sec-

tion (EPS). This component Will encoempass all of the major
decision and policy formulation levels irn the svstam, Trowi 1

also have the primary responsibility for all long-ranre
environrental manacemant and! nlannirns furctions. In addition,
the EPS i1l sarve as the major link hetiuaen the I"P/S and the
"erional Authority. Ficure 1,17 describes the cverall orpani-
zational strictiure of tha TPI, and jrs relatienshic to the
IMP/S and the Reciona) "uthority,

¢ IPT will have thren inter-locking components: an

administrative section, an evalustinp section, and an  environ-

-

nental manarenent anA rlannine sect Istrative

on. The admin

section i1l he mainly concerped vrith oneratins and manarcine
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both the EPS and all other components of the IMP/S as well as
providing assistance to the Regional Authority. The evaluation
section will analyze all refined data coming from the IMP/S.
This section will also include the major decision-making levels
in the system. It will have the responsibility for responding
to all crisis situations. The Environmental Protection Admin-
istrator will have direct control over this evaluation section.
The environmental management and planning section will be
responsible for environmental design, management, and long-
range comprehensive planning for the San Antonio River basin.
I'ts primary functions will include land use management and
planning, economic development, regional planning, transporta-
tion planning, water quality and facilities planning, and
infrastructure planning for the entire basin.

The Policy Formulation section serves as the primary
mechanism for linking and integrating the administrative,
evaluation, management and planning components together. The
major objective of this section will be to develop policies
and long-range strategies for the development of the San
Antonio River basin. It will have direct input from the
evaluation and environmental management and planning sections.
It will also have a direct relationship with the Environmental
Protection Administrator and the Regional Authority.

The Regional Authority itself will consist of an Execu-

tive Committee, a Regional Council and a number of Advisory
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Committees (see Figure 1.17). It will include representatives
from all of the political jurisdictions in the basin as well
as those currently in the Alamo Area Council of Governments
(AACOG). In addition, relevant state and federal agencies,
regional agencies such as AACOG and SARA, and special interest
groups would be included. The Advisory Committees will pro-
vide technical assistance to both the EPS and the Counci] on
matters concerning regional planning, regional economic deve-
lopment, water resources, pollution, environmental management
and conservation, and environmental management technology. As
explained in Chapter 11X, the Authority will be the governing
body in relation to regional development and environmental
control in the basin. It will be chartered by the State and
receive funds from both state and federal sources. local
jurisdictions will also contribute some financial aid to the
Authority. The amount of funds derived from these local
sources will be based on a per capita formula.

The implementation of the IMP/S will occur in three
phases (see Figure 1.18). These phases will be called:
Initial Development, Interim Development, and Continuing
Operations and Growth. During the Initial phase, the Regional
Authority is formed and the final decisions are made for the
implementation of the system. Hardware and facilities are
procured and prepared for operation; the software systems,
Programs, interfaces, file structure are designed. Some

Personnel--primarily computer programmers, facility planners,
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SYSTEM DEVELOPMENT Tears

b

PHASE |

-Implement the regional authority

-Procure facilities and equipment

-Initiate software development

-Formulate a comprehensive
regional plan

-Select primary and secondary
surveillance zones

-Hire initial operations personnel

-Initiate the IMP/S

-Link up with present monitoring
system

-Determine IMP/S grid deplovment
plan

PHASE 11

-Train operations personnel

-Initiate deployment of the IMP/S
sensor network

-Initiate FPS component

-Initiate inter-agency link=-up

-Continue development of software
systems

-Data banks are operational

-Simulation svstems are
operational

-Aircraft surveillance svstem is
operational

-Satellite data collection svstem
is operational

PHASE 1|11

-Install in-house computer systemg

-Develop automatic analvsis
tools

~Develop a comprehensive
environmental management plan
for the region

FIGURE 1.18

SYSTEM IMPLEMENTATION PLAN
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systems analysts, management specialists and research personnel--
are hired. However, manv of the operations personnel for data
handling and processing will not receive their training until
the Interim phase. In addition, the present monitoring system
is linked to the Surveillance Center and all monitoring func-
tions are assumed by the IMP/S.

The second or Interim phase will be concerned with the
deployment of the sensor system, and implementing the EPS and
inter-agency 1inkup. During this phase the more sophisticated
software for each of the simulation systems js- developed and
put into operation. The data banks are established, and the
computer interface is put into operation; This phase can also
be thought of as a shakedown period for the Surveillance Center
in order to determine how well it meets the actual initial
systemic needs, and where procedures or design changes are
needed. The Continuing Operations and Growth phase extends
indefinitely, and can be expected to undergo continual change.
I't is anticipated that during this phase the efforts of the
research group associated with the Center should begin to
bear fruit with increased software capabilities, improved
retrieval, data handling and automatic processing equipment
to afd interpretation and data analysis activities.

Each of the data collection systems will be deplovyed
within a specific time frame and integrated with the IMP/S.
The first system to be deployed will be the surface date

collection system. This will involve the selection of high
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priority surveillance zones within the larger surveillance
sectors. Then the placement of environmental grids with their
specialized sensors will begin. During the Interim phase both
the aircraft surveillance system, and the satellite data
collection system will be Integrated with the IMP/S. In addi-
tion, the entire grid structure will have been deployed, and
all surface and subsurface sensor systems will be functioning.
At this point the IMP/S will be operational.

In conclusion, the concepts discussed In this chapter
represent the major integrating elements for the proposed
environmental information, management and planning system.

The purpose of this chapter was to briefly outline these
elements and 1ink them together into some kind of conceptual
framework. Succeeding chapters will expandon this initial

concept by examining in more detall its particular systems.



CHAPTER |1
SENSING ENVIRONMENTAL CONDITIONS

The word "sensor'" denotes a device which is desig&ned to
respond to specific physical phenomenon and subsequently trans-
late certain attributes of the phenomenon into electrical
signals or images; These signals or images represent the basic
properties of that particular object, event or process. In
come cases a sensor is designed to interact directly with the
phenomenon being measured. In the case of remote sensing
the gathering and recording of information occurs without the
sensor coming into direct contact with the object or event
being investigated.

The sensing of environmental phenomena by sensors is
based on the idea that al] materials, processes, and physical
objects either radiate or reflect electromagnetic energy at
certain frequencies or wavelengths. The sensor itself serves
as a receptor for this energy and translates this energy into
a specific electrical or analog property. The output of the
sensor depends on its function and the phenomenon being
monitored.

There are basically two types of sensors: interactive
and remote. Both types of sensors are designed to transform
energy from one format to another. This transformation

process implies an information or measuring function rather
55
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than an energy modification. Information, not energy, is the
primary output of a sensor.

i Sen : As the name implies, interactive sensors
relate directly to the phenomenon being measured. A sensor -
as we have already noted - is designed to transform one form
of energy (the input) into another form (the output of a
sensor) in order to expedite the measurement of certain proper-
ties or to enhance the transmission of that energy to another
location. Consequently, the output of a sensor always differs
in some degree from jts input. The amount of change between
the input-output relationship will have a direct bearing on
the sensor's ability to interact with and measure the phenome-
non being investigated.

An interactive sensor may be envisioned as a combination
of three major components. The first component is the sensing
unit itself. The sensor picks up the energy~physical, chemi-
cal or electrical-characteristics of the phenomenon being
investigated and responds to these characteristics in a
certain way. The second component is the circuitry. The task
of this circuitry is twofold: First, the sensor's immediate
output is converted into a desired voltage or current; and
then it is amplified and prepared for transmission to a
central receiver. The third component of the sensor is the
recorder/transmitter. This component functions both as a data

Storage unit and as a transmitter. When the sensor is
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interrogated the transmitter is activated and the stored data
is transferred to another point.

This interactive function is extremely important but |t

also poses some difficult technical problems. |In order for a
sensor to interpret the quantity and quality of a particular
environmental condition It must be extremely sensitive to only
that condition. At the same time, It must also minimize its
influence on that perceived condition. Steven F. Summer noted
that a sensor interacting with its environment also changes
the physical phenomena that it attempts to sense. Consequently,

-..It is desirable for a sensor to effect its environment

only In a minimum way. If it senses incident light, it

should block off as little 1ight as possible. It it senses

a fluid flow, 1t should impede the flow as little as poss-

ible. If temperature is to-be measured, the sensor should

not contribute to the heat.10

He goes on to point out that:
This property of non-interaction is not related to the
sensor's sensitivity. However, the amount of interaction
should be kept as slight as possible or the sensor will 11
consume the phenomena it is trying to control or detect.
The primary function of this sensor is to measure the
phenomenon being sensed. Measurement in this sense is defined
as a process of applying a dimensional or numerical relation-
ship to an environmental condition. A measurement system is

conceived of as a network of specialized instruments designed

to respond to a set of specific environmental conditions.

10Steven E. Summer, Ejectronic Sensing Controls, (New
York, Phlladelphia, London: Chilton Book Company, 1969), p. 19,

1lpgiq.
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Measurement in this context is defined as a process of "mapping
empirical properties or relations into a form of mathematical

abstraction.'12

In order to design and implement a system to measure a
set of specific environmental conditions we must first of all
determine the types of sensors to be used, their required out-
put forms, and their relationship to the total system. Peter K.
Stern classified interactive sensors into three broad catego-
ries:

1. By the function they perform in the measuring system.
This manner of classification generates the following
categories:

a. Input or measuring transducers.

b. Modifyving transducers.

c. Output or readout transducers.

2. By the input requirements of transducers. This divi-
sion results in two basic classes of transducers:

a. Self-generating (active) devices, which produce
an energy output for a single energy input.

b. Mon self-generating (passive or impedance based)
devices which require two energy inputs in order
to produce a single energy output,

3. By the energy tvpes involved in the transduction process.13

Using this classification scheme the sensor system can be

briefly outlined as follows. The system will use mainly input or

12y, M. Nelson, "Measuring Systems: Conception and Design"
The Collection and Processing of Eield Data, eds. E. F. Bradley
and 0. T. Denmead (New York: Interscience Publishers, 1967, p.313.

13Peter K. Stern, "Classification Systems for Transducers
and Measuring Systems", Symposium: Fnvironmental Measurements,
Valid Data and Logical Interpretation, (HEW Publication, July
1967), p. 66.
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measuring type sensors. This interactive system is designed
to detect six broad energy bands - sound, heat, light, elec-
trical, magnetic and chemical - on a highly selective basis.
Their output formats will depend on the phenomenon measured,
the type of energy detected in relation to that phenomenon and
their internal circuitry. The system will utilize a combined
amplitude and frequency modulation transfer method to transmit
data from the sensor unit to a central receiver.

The relationship between the individual sensor units and

the total sensing system is governed by their:

(a) Mode of operation, which may be either continuous
(1. continuously acting systems) or intermittant
(2. sampled data systems); or,

(b) Internal organization, which may be either in the
form of a progression of cause and effect (1. open
chain systems) or a system with regression (2. closed
loop systems); or,

(c) Nature of output, which may be elther in the form of
an analogue of the required measurement (1. analogue

output) or a digital repr?sentation of the measure-
ment (2. digital output).!'l

Using these operational configurations we can character-
ize the IMP/S interactive sensor system as a continuously
acting system. Its internal organization will be open based
on a relatively simple cause-effect or stimuli-response
relationship. The output will be either analog or digital
depending on the type of measurement being taken, the energy
source, sensor type and user requirements. Digital data will
be used mainly for computational and analytical functions.
Digital data will also serve as input for the ongoing simula-

tion and early warning subsystems.

]uNelson, "Measuring Systems:Conception and Design,''p.318-320
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The basic structure of the interactive sensor system
and (ts relatlionship to the total system is outlined in
Figure 2.2. The major components of this system are the
sensor unit, amplifiers and supportive transducers which
transform the sensor input into a suitable format for trans-
mission. Each sensor unit will also have the capability for
storing and conditioning its own input. Conditioning denotes
the initial processing required to make the output signal of
the sensor suitable for transmission. It also filters the
signal so that unwanted data elements are not transmitted.

Once the signal has been conditioned it is coded. This
coding operation is basically a process of quantizing or
digitizing the amplitude of an analog signal. It is also
known as an analog-to-digital conversion process. This con-

version process is outlined 1in Figure 2.1.

MULTI - SAMPLE HOLD QUANTIZE
PLEXOR (analog) (storage) (digital)

SENSOR :

CODE FOR |
TRANSMIS.,

FIGURE 2.1
The conversion process consists of three successive
operations--sampling, quantizing, and coding. @g. E. Barlow

describes these operations as follows:
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Sampling refers to the capture of the value of a conti-
nuous signal during an interval in which this value changes
insignificantly. This is often associated with a subopera-
tion holding or storage of this value while the succeeding
operations take place. Quantizing is the splitting of the
value of the sample into a number of levels, the number
defining the resolution of the converstion process. The
third process, coding, describes the labelling of the
quantization levels in some sgstematic fashion, frequently
normal weighted binary code.l

The value of converting analog signals to a digital mode

is that:

-..We can reconstruct the transmitted message with neglig-
ible error, provided that anv noise amplitude is small
compared with one quantum step. The process is termed
regeneration, by virtue of which we can transmit digital
signals over very large distances without significant
distortion. Analog and seTé-analog signals cannot be
regenerated in this sense.

The transmission 1link consists of the transmission
medium and its input and output devices. Once the data has
been collected, conditioned and coded, it is converted into a
signal which can be telemetered. Telemetry, in this case, is
defined "as the measurement of data occurring at a remote
point."17 The term is often qualified by the mode of transmis-
sion (e.g. radiotelemetry, commercial telephone 1links, etc.,)

utilized. This telemetry function is "generally accepted to

15G. E. Barlow, "Instrument Data Processing Systems"
The Collection and Processing of Field Data, eds. F. F. Bradley

and 0. T. Denmead, (New York: Interscience Publishers, 1967)
p. 412,

16p, E. Karbowiak, "Elements of Information Theory" The
Collection and Processing of Field Data, eds. E. F. Bradley and

0. T. Denmead, (New York: Interscience Publishers, 1967), p. 347.

17P. 0. Gillard, "The Use of Telemetry in Field Data
Collection," The Collection and Processing of Field Data, eds.
E. F. Bradley, and 0. T. Denmead, (New York: Interscience
Publishers, 1967), p. 375.
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include both the display and recognition of data and any pri-
mary recording that permits the data to he displayed or com-
puted at some subsequent time.'"18

High reliability in telemetry systems is generally
obtained by recording data at the earliest opportunity in the
data transformation chain. This recording function is initi-
ated at the detection phase and continuously monitored
throughout the whole data transfer/modification process. In
pre-detection recording

...the signal in the receiver is converted to a signal
having a frequency suitable for recording. It is then
recorded linearily with bias. Such a record can be
replayed through the receiving equipment or through
special replay equipment for optimum detection of the data.
On the other hand, the data after demodulation, demulti-
plexing and/or decoding can be recorded using one of the
many methods of recording data (galvanometer, paper tape,
punched card, magnetic tape, etc.).

While the coding process is used to quantize the ampli-
tude of an analog signal, decoding "is used to reproduce the
original signal to the nearest quantized level."20 This
process involves the identification of each data element or
bit telemetered from the sensor unit. This operation consists

of four sub-operations which involve;

(1) bit synchronization, usually by means of a feedback
oscilator whose phase is synchronized using a servo loop
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to that of the bit rate, (2) reconstitution of bits to
their original width, (3) word synchronization, by recog-
gggéonbof.ti? synchrogizatfgn §¥Tse, and (h) error detec-

., by making use of parity.

As the incoming data is decoded and demodulated it is
prepared for processing and data presentation. Data presen-
tation or display may be "on-line'" or "off-1ine" depending on
its priority status. On-line data display is defined as the
display of data as it is being recejved. It is usually pro-
vided to permit an immediate evaluation of data or of the
performance of the equipment. Off-line data processing and
display is usually for low priority data which is summarized

and presented to the user at regular intervals.

Remote Sensing Svstems: A remote sensing device operates in

one of three general ways: "(1) it detects reflected sunlight;
(2) it detects energy emitted as a property of certain matter:
or, (3) it records energy bounced off of the substance bv an
energy source carried along with the sensor. 22 Unlike inter-
active sensors, remote sensors gather data without coming

into direct contact with the object or event being investigated.
At the same time, these devices offer the potential for wide
area coverage whereas interactive sensors are restricted pri-

marily to small area or point measurement. However, both

21pid.

22National Aeronautic and Space Administration, Remote
Sensing: State-of-the-Art and Applications to Urban and
Regional Planning, (Washington, D.C.: Government Printing
Office, 1970), p. 1.
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systems are designed to compliment each other by providing
supporting data inputs on particular environmental conditions.
This capability gives the IMP/S a multi-dimensional quality
which Is essential for monitoring and evaluating large-scale
environmental processes.

Two basic ideas underlie the use of these sensors; the
electromagnetic spectrum and the multi-spectral concept. The
electromagnetic concept is best defined in terms of;

...wavelength (distance between wavecrests), wave velocity
(speed of a wavecrest), wave frequency (number of wave-
crests passing a point per unit time) and energy level
(measured in photons). Much of the energy of an ocean is
propagated in the form of ocean waves: similarly, electro-
magnetic energy from the sun is propagated as electromag-
netic waves. This latter form of energy moving at approxi-
mately 186,000 miles per second in a harmonic wave pattern
can vary according to wavelength or frequency and therefore
constitute a spectrum of energies--called the electromag-
netic spectrum. The terms gamma ravy, X-ray, ultraviolet,
visible, near infrared, thermal infrared and microwave
constitute common nomenclature for various positions of

the electromagnetic spectrum each of which can provide
useful information when ?gltispectral remote sensing
techniques are utilized.

The multispectral concept, on the other hand, is based
on the idea that any object (e.g., a tree, a river or a group
of houses)...

..transmits, reflects, absorbs, emits and scatters elec-
tromagnetic energy selectively with regard to wavelength.

The tone or brightness with which the object is registered
on a multiband photo is in direct proportion to this

23 ponald T. Lauer, "Forest Vegetation Analysis Using

Multispectral Remote Sensing Techniques," Papers From The
34th Annual Meeting, (American Society of Photogrammetry,

Falls Church, Virginia, March,1968), p. 166.
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energy. Therefore, two objects which may be difficult to
discriminate on imagery obtained in one spectral band,
because they have similar reflection or emission charac-
teristics in that band, may have very different tones
when imaged in another band of the spectrum. The
technique of simultaneously obtaining imagery from more
than one spect{?l band is termed "multiband spectral
reconnaissance’ 24

Remote sensors are designed to function in both the
visible and near-infrared spectral bands. The primaryv process
involved here is the recording, directly on a film emulsion,
of reflected electromagnetic radiations of wavelengths in the
visible and near-infrared spectrum. By using proper film-
filter combinations these wavelengths of radiation can be
imaged in their entirety or in a wavelength bands as narrow as
a few millimicrons. Remote sensors can be classified as
either imaging or non-imaging depending on the parts of the
spectrum used to investigate a particular event or object.

The actual differences between imaging and non-imaging
remote sensors are mainly one of degree. Imaging type sensors
operate in the visible electromagnetic spectrum whereas non-
imaging devices operate in the non-visible spectrum. The
derived image is the basic output of both kinds of sensors.
The image itself is an expression of the spectral sensitivity
of the film or detector, the filter combination and the reflec-

tance or emission properties of the Object. It should be

emphasized that the output of both types of sensors can be

2k bid.
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processed to produce a pictorial result. Conversely, images
can be converted and recorded on magnetic tape as electronic
pulses for subsequent computer analysis and processing.

Multispectral Scanning: An integral part of the proposed

IMP/S will be a combined aerial and orbital multispectral
system which will be used to monitor large areas of the
earth's surface by registering the spectral characteristics
of the phenomenon or objects to be monitored. This techni-
que is based on the concept that each phenomenon or object
tends to reflect or emit energy within a certain specifie
wavelength. Using special scanners multispectral photo-
graphs can be taken, processed and interpreted in order to
detect significant changes in the environment over time.

An aerial multispectral scanning svstem is shown in
Fig. 2:3. This system is designed to operate within a
selected set of spectral bands and records data on specific
phenomena as it passes over a target area. The spectral
band radiation picked up by the sensor is converted into
electrical signals. These signals are then amplified and
recorded on tape. The processing system converts the
recorded signal into a recognizable image. This image is
then prepared for further computer analysis or display.
Figure 2:4 describes the overall process involved,

A processor system is used to pick out those elements
in the derived image that are important to the user. One such

processor system currently in operation is the SPARC(Spectral



SCANNER

SPECTOGRAPH

and

PHOTOMULT I PLIERS

68

SCANNING UNIT

—

o — e == ——
- —— e — - — o

0

S

CONTROL - TAPE . |PROCESSING
UNIT UNIT SYSTEM
P—
—
COMPUTER | CRT/ FILM
TV PRINTE
’ —

——

MAPPING OBSERVER
SYSTEM

Fig 2:3

MULTISPECTRAL
SCANNING
SYSTEM



TAPE PRE-
SCANNER ' ™ UNIT PROCESSOR
L
| |
[
[ |
b
[ |
r |
b
[T T 77
Fig. 2:4

69

RECOGNITION

PROCESSOR

[/ [/

MULTISPECTRAL

REMOTE SENSING
AND PROCESSING
SYSTEM



70
Analyzer and Recognition Computer) operated by the University
of Michigan. The purpose of this system is to distinguish
...automatically targets from backgrounds at real time
rates by the statistical discrimination of multispectral
signals. The fundamental operational principal of the
computer Is based on a likelihood ratio: this mathemati-
cal quantity is used In a statistical decision rule which
tests whether a given "instantaneous sample" belongs to
the target or to one of the backgrounds. The sample may
consist of voltages produced by the reflected powers in

N spectral bands from a particular resolution element in
the scene being observed...25

Once the spectral signals are modified it is displayed on a
display unit for further interpretation.

Multispectral data can be evaluated by one of three tech-
niques: (1) visual interpretation, (2) densitometric measure-
ments, and (3) through automatic methods. Because we are
mainly concerned with processing a wide range of photographic
and multispectral data in the fastest time possible, we will
concentrate on automatic evaluation systems emphasizing the
spectral response classification method developed at Purdue
University's Laboratory for Applications of Remote Sensing
better known as LARS. This method is based on a pattern
recognition technique. By pre-programming a computer with
spectral characteristics representing various materials the
computer is able to automatically classify input spectral data

upon recognition by a selection and comparison process.

25R, E. Marshall, et al. "Use of Multispectral Recogni-
tion Techniques for Conducting Rapid Wide-Area Wheat Surveys,"

Proceedings of the Sixth International Svmposium of Remote
Sensing of Environment, Vol. | (Center for Remote Sensing
Information and Analysis, Willow Run Laboratories, the Univer-
sity of Michigan, Ann Arbor,Michigan, October, 1969), p. 4.
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This spectral response method is built around three basic
computer programs. The first program "PICTOUT" produces gray
level printouts of each spectral band recorded by a scanning
unit. The second main program is called "LARSYSAA'. This
program monitors the whole process and selects the most opti-
mum spectral bands for display. A "DISPLAY" program transforms
the €lassified data into a map or tabular format.

Fig. 2:54describes an automatic multispectral data analysis
system. The system described hére is similar to the LARS
approach. The major difference is found in the display sub-
system. The LARS system is based on a passive display made
which provides computer printouts or maps either upon demand
or automatically. The IMP/S, on the other hand, is geared for
a more fully interactive mode which allows the user to work
directly with his data. For example, the spatial data derived
from aerial or orbital scanning can be converted into elec-
tronic pulses and combined with other data formats or routed
into special processing subsystems.which enable the user to
relate this data with aerial photographs, land use, demo-
graphic and/or environmental maps as desired. This ability
to integrate and arrange various data formats and/or mapping
systems can serve'not only to enhance multispectral data but
also to present a more powerful analytical tool to the
research analyst, administrator and regional or urban planner.

Multispectral recognition techniques are invaluable for

conducting rapid agricultural survevs, investigating soil
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tvpes, detecting temperature ranges for various materials,
observing special geological formations, detecting geological
faults and land collapse areas, conducting hvdrogologic
survevs and facilitating topographical mapping. However,
multispectral imagery cannot totally replace photography.
There are many conditions that are enhanced and more easily
detected on aerial and satellite photographs than on spectral
imagery. Consequently, both techniques will be used in the
IMP/S in order to optimize the monitoring function of the
total system.

Although these two sensor systems--the multispectral scan-
ning and the aerial/satellite photographic svstems--will he
the major data acquisition modes for large area measuring and
observational purposes they will be supplemented by other more
specialized systems. These systems will consist of Vidicon
cameras which are designed tooperate in the visible spectrum
for real-time observation of the earth's surface; and, side
looking radar, which utilizes high frequency radar beams to
record reflection patterns. Radar imagerv is used primarily
for night observation and where cloud cover precludes aerial
or satellite photography. In addition, the less commonly used
radiometers, radar scatterometers and spectrometers, which are
used for analyzing soil and atmosphericcomposition by spectro-
graphic analysis will be employed. Special composite systems
encompassing a number of individual remote sensing devices into

special packages will also be used for multi-purpose, observa-

tion and measurement requirements.
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Multispectral Photographv: Multispectral photography 1ike

scanning detects reflected sunlight or radiation throughout a
wide electromagnetic spectrum. This reflected energy carries
with it the spectral characteristics of the object or event
being sensed. Using these spectral characteristics, the user
or user agency can then interpret and analyze certain elements
or relationships occurring within a specific environment.

The multispectral or multiband photographic concept is
based on the fact:

...that each type of earth resource feature tends to
reflect and emit radiant energy in distinctive amounts at
certain specified wavelengths. Consequently, when multi-
band photography is acquired simultaneously in each of
several wavelength bands, each type of feature theoreti-
cally becomes identifiable by virtue of its multiband
"tone signature" or "spectral response pattern.

By relating these spectral patterns to known conditions
it becomes possible to monitor and identify fairly subtle
changes occurring in the environment. For example, multispect-
ral photography can be used to detect such diverse phenomenon
as pollution sources and their dispersion patterns, the condi-
tion of crops and vegetation, the extent of phytoplankton

concentrations and suspended non-organic particulant matter in

coastal waters and soil conditions over large goegraphical

26pobert N. Colwell and Jerry D. Lent, "The Inventory of
Earth Resources on Enhanced Multiband Space Photography, "
Proceedings of the Sixth International Svmposium on Remote
i ,» Vol. I, (Center for Remote Sensing
Information and Analysis, Willow Run Laboratories, The Univer-
sity of Michigan, Ann Arbor, Michigan,October, 1969), p. 134,
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areas. In addition, this technique can be used to assess the
condition of rivers by noting the spectral patterns given off
by various chemicals in the water, the location and quality
of timber resources, the kinds of land use occurring in a
particular region, potential environmental hazards such as
flooding conditions, slide and earthquake zones, and the con-
dition of housing in a metropolitan area. The key factor
here is knowing the unique spectral characteristics associated
with each object, process or phenomenon being monitored.

This remote sensing technique enables the user to select
a series of spectral bands in the near ultraviolet, visible or
near infrared region of the spectrum in which to collect photo
images. A viewing device serves to combine these spectral
images into one color presentation. This viewer also allows
the user to manipulate his images in order to enhance certain
relationships he is seeking. Thus, multispectral photography
has the unique capability of enabling the observer or analyst
to create a number of composite images by increasing the
density of one image in relation to the others in order to
serve the specific purposes of his discipline or requirements.

The basic instrumentation comprising this system consists
of a multispectral camera and a viewer. The camera is designed
to take a series of spatially identical photos. The images are
recorded on film at precise locations with respect to a common
coordinate system. This enables the camera to align itself

correctly in relation to the object or phenomenon being sensed.
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Filtration into different spectral bands cause density differ-
ences in the images when there exists variations in the spect-
ral reflectance of the object. The viewer optically super-
imposes these images into a single image in which the density,
differences appear as colors. Using this superimposition
method it is possible to expand the relatively few perceivable
density differences into many perceivable color differences.
The derived image and its contrast (i.e., the differ-
ences in tone or color between an image and its background)
is a primary criterion that governs the spectral relationships
and the subsequent interpretation of the imagery. Donald T.
Lauer of the Forestry Remote Sensing Laboratory located at the
University of California, Berkeley, noted the following with
respect to multispectral photography:
The image tone or color of a terrain object as seen on
multispectral imagery is an expression of the spatial
sensitivity of the film or detector, the spectral trans-
mittance of the filter, the spectral reflectance and/or
emittance from the object, the spectral distribution of
the energy source and 59e spectral scattering by atmos-
pheric haze particles.
In selecting optimum film-filter combinations for envi-
ronmental analysis, it is necessary that the above factors be
taken into consideration. In addition, the spectral charac-

teristics of the object or objects being photographed or

scanned must be accurately known. This prerequisite means

27Lauer, "Forest Vegetation Analysis Using Multispectral
Remote Sensing Techniques,', p. 167.
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that samples of the representative objects must be secured for
spectral analysis before any extensive multispectral photo-
graphic effort is made. The reason for this is that each
object has an unique spectral signature. Without a prior
knowledge of this signature the interpreter could not accurately
identify the object or event nor determine the relationships
occurring within a particular environment. However, even if
an adequate sample is secured the almost daily changes in envi-
ronmental, observational and sensor conditions can produce
variations in the sensed radiation that tend to distort the
underlying relationships being sought. Special programmed
processing systems can, to some extent, overcome this distor-
tion effect by relating photo density/tonal patterns to speci-
fic spectral signatures. By carefully scanning several images
simultaneously, a tone signature for each digital spot is
automatically determined and compared with known tone signa-
tures. Once a comparison is made and the tonal pattern
established, an image can be accurately reproduced for further
interpretation.

Multispectral photography, through the proper selection
of films and filters, can cover the whole electromagnetic
spectrum. Because this system can work within a wide spectrum
range it can overcome certain major constraints in recording
data during adverse weather conditions or during nighttime
hours. For example, infrared photography can be used at night

to detect and measure thermal radiation bevond the visible
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spectrum. The objects or targets sensed by infrared survey
methods can be divided into two basic categories: "1. high
temperature targets (i.e., active volcano craters, the efflux
of hot springs and hot gases, subsurface and forest fires, etc.
2. targets which possess a temperature contrast with the back-
ground as a result of solar heating'.'28 This thermal radiation
is sensed by special electronic equipment which converts the
invisible infrared radiation from the target to visible radia-
tion on a film emulsion or a cathode ray tube.

The value of multispectral photography is based on its
unique capability for providing a graphic display for almost
immediate interpretation. This display has the additional
advantage of encompassing large areas at one time freezing, in
effect, land use, crop status, weather conditions, traffic
patterns, etc. as of the moment. Because the images derived
from these sensors can be readily transformed into electronic
signals and stored on magnetic tape it is possible to use a
single frame of imagery or computer tape for a variety of
analytical purposes. Imagery can also be used to show inter-
relationships between various elements on a single frame. For

example, the image can be disaggregated in order to emphasize

sz.V. Shilin, et al. "Infrared Aerial Survey of the
Volcanoes of Kamchatka," Proceedings of the Sixth International
Symposium on Remote Sensineg of Environment, Vol. | (Center for
Remote Sensing Information and Analysis, Willow Run Laborato-
ries, The University of Michigan, Ann Arbor, Michigan, October,
1969), p. 175.
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open spaces, cultural features such as highways and houses,
bodies of water or anv other distinctive attribute of the

scene. Once these elements have been disaggregated, thev can

be stored in computer files for analytical and mapping purposes.

The reason for measuring environmental conditions is to
determine both the nature and the magnitude of the prevailing
physical, biological, ecological and climatic forces active in
a particular environmental setting. In addition, we are
interested in analyzing and correlating these conditions in
relation to known social, economic and technological variables
in order to facilitate an effective basin growth policy and
environmental management practices.

The assumption underlving the above is based on the ijdea
that if a planner, research analyst, or environmental adminis-
trator knows the primary cause-effect relationships governing
certain environmental conditions they should be able to
respond to these conditions in a more effective manner. This
response can take one of three directions. They can take steps
that will either alter that condition, make it more acceptable,
or prevent it from occurring by eliminating the causes of a
particular condition, event, or series of events through effec-
tive planning and management. The key factor here is that
their ability to detect or anticipate certain thresholds is

greatly enhanced before they reach critical levels.



CHAPTER 111
THE SENSOR NETWORK

This chapter and the two succeeding chapters will have
two major objectives in mind: first, to elaborate further
on the previous chapter dealing with environmental sensing;
and secondly, to provide a stronger foundation for a more
complete definition of the IMP/S. The format or approach to
be used in this and the next two chapters will be as follows:
First, the network concept and its application to sensor
systems will be defined in more precise terms. After this
initial defining process is completed the data collection
systems to be used in the IMP/S will be examined in greater
detail. Chapters four and five will examine the telemetry
network, and the computer system with its related processing,
analytical, interpretation, and information dissemination
functions.

A network is generally defined as an "interconnected
or interrelated chain, group or system.”29 Using a slightly
different interpretation, a sensor network can be described
as consisting of a number of data collection systems 1inked

together by a series of nodes, and terminals which serve to

29Websters Seventh Mew Collegiate Dictionary (1969)

80
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expedite the flow of data from one point to another. A somewhat
simplified concept of an operational sensor network is illus-
trated in Figure 3:1. As conceived here, the network consists of
four major systems; a satellite data collection system, an air-
borne surveillance system, a surface sensor system, and a sub-
surface data co]lectionrsystem. Fach of these systems encompass
four basic components: a sensor component consisting of remote
and/or interactive devices designed to monitor and measure
environmental conditions; a telemetry subsvstem for transferring
sensor data to a central receiver; a computer system which auto-
matically interrogates the various data collection systems at
certain time intervals, records and subsequently indexes, codes,
analyzers and interprets the sensor data; and, a display compo-
nent which facilitates the dissemination of data to a user group.

Each of the data collection or obhservation svstems
included in the IMP/S sensor network is designed to gather
information from a particular environmental setting. As a
result of this partitioning of the total environment into four
different, but related operational environments--atmosphere,
surface, eco/systems and subsurface--each system has its own
sensor configuration and functional requirements. The commu-
nications or telemetry framework will provide the essential
linkage element which integrates these individual sensor
systems into one operatjonal system. However, in describing
these data collection systems one should not perceive them as

being totally independent from one another; in fact, the sensor
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network is designed to maintain a large degree of interdepend-
ency between the systems in terms of their coverage, sensor
compatibility, and computer hardware. Keeping this interde-
pendency function in mind we can now proceed to briefly
examine each of the data collection systems that will be used
in the IMP/S sensor network.

The satellite data collection system will be used to
maintain coverage over large geographical regions with a
minimal cost factor. |In addition, it will serve as a second-
ary communications link designed to receive data input signals
from surface and subsurface sensors andthen transmit that data
to a control center. The advantages of this system are two-
fold: first, it has the capability to survey large areas
while at the same time it is able to focus in on specific
regions for in-depth surveillance and monitoring; and,
secondly, it is able to monitor regions on a continuing basis
in order to get time series data which is essential for long
range planning.

The specific functions of this system will be to survey
and monitor environmental conditions, urban and regional 1land
use patterns, transportation networks, crop conditions, air
and water pollution sources. It will also provide data for
assessing natural resources, ecological conditions, regional
growth patterns and potential environmental hazard areas.

The satellite data collection system will include the

following sensor devices:
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1. Spectrometers: This sensor will be used to determine
refraction indexes of certain materials within narrow spectral
bands. This spectrometer will be particularly useful for
analyzing the composition of air and soils in various spectral
bands.

2. Multispectral Scanner: This device is used to record
spectral patterns emitted or reflected from various objects
and/or processes. Its primary functions will be to detect
various forms of air and water pollution, their sources and
dispersion patterns, cultural features, land uses and land use
intensity factors, spatial patterns and agricultural conditions.

3. Radiometer: This sensor is used to measure electro-
magnetic, radiant and acoustic radiation. It will be used
primarily for surveving crops and for measuring the thermal
or heat factor in various environmental processes.

L. Radar: This device emits a high frequency beam and
subsequently records the reflection patterns defined by the
beam. It will be used mainly for regional mapping, geological
surveying, detecting urban spatial patterns and recording
certain cultural features such as transportation networks,
surface pipe and electrical transmission lines and structural
characteristics. Because of the weight and power constraints
of current satellite systems this device will be used only on
a limited basis. However, it will be used extensively in the

airborne surveillance system.
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5. Panoramic Camera: This camera device is designed to
operate in both the visible and near infrared spectral regions
and it is used to record reflected solar radiation. |Its
primary function will be to photograph large areas of the
earth's surface for analysis and interpretation of environmen-
tal conditions and trends over long time intervals.

6. Multiband Camera: This camera is designed to oper-
ate in a wide range of spectral bands. Because it affords a
finer degree of detail, it will supplement those photographs
derived from the panoramic system. The multiband camera will
be used primarily for environmental analysis, land use, agri-
cultural and natural resource assessment.

7. Vidicon: This device can operate in a number of
spectral bands and it generates an image by recording reflec-
ted solar radiation. As the radiation is detected by the
camera it is immediately converted into electronic pulses,
and subsequently stored on magnetic tape and prepared for
transmission to central control. After the electronic image
has been received it is reconstructured and disseminated as a
photograph. This system will be used primarily as a real time
device for interpreting current environmental conditions on a
recurring basis.

The aircraft surveillance system will operate primarily
in the lower atmosphere (2,000 to 50,000 feet). Its sensor

configuration will be similar to the satellite system with the
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exception that it will not carry panoramic or vidicon cameras.
Although both systems will have similar sensor configurations
the aircraft system will be able to achieve greater detail in
its Imagery. In addition, it is extremely flexible in its
application being able to gather data on a highly selective
basis whereas the satellite system is used primarily for con-
tinuous or repeated coverage. Because of its ability to move
quickly and almost anywhere and operate in a variety of weather
conditions, the aircraft system can also maintain a flexible
survey and monitoring plan for multiple and complementary
sensors. This inherent flexibility and adaptability will
enable this system to concentrate on certain areas of the
environment zoned for intensive surveillance such as river
basins, industrial complexes, forests and urban areas. It
will also allow the IMP/S to effectively supplement satellite
and surface data inputs for more effective environmental
analysis.

The surface monitoring system is designed to monitor and
measure phenomena on or near the earth's surface. It will
utilize both remote and interactive sensors distributed within
an environmental grid. The grid serves as the basic framework
for distributing permanent, mobile, and expendable sensors in
the environment in order to maximize data flow and provide for
optimum environmental coverage.

The surface data collection system is primarily concerned

with measuring a wide range of phenomena in terms of the
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prevailing physical, dynamic and biological conditions of a
particular environment. To accomplish this mission the sys-
tem will have the capability to measure not only surface
phenomena but also atmospheric conditions as well. Sensors
designed to monitor and measure air quality, meterological
parameters, water quality and biological conditions will be
used. The data derived from this sensor system will then be
correlated with supplemental social, economic, demographic and
medical data derived from an inter-agency information system.
In addition, environmental data provided by the other systems
will be integrated into the information framework so that a
fairly comprehensive profile of the environment under sur-
veillance can be provided to the user group. An example of
a sensor configuration for this data collection svstem will
be as follows:

1. Robot Water Monitoring Svstem: This svstem is
designed to collect large volumes of data concerning the
characteristics of water resources and for detecting water
pollution before it reaches a critical level. Fach remote
unit is this system will be equipped with sensors to measure:
oxidation reduction potential, chloride content, dissolved
oxvgen, conductivity, temperature and turbidity.

The system, as conceived here, is primarily an
interactive one. In many respects it will be similar to the
Dhio River Vallev's Sanitation Commissions (0NRSANCO) robot

monitoring network. The ORSANCO network consists of fourteen
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stations dispersed along the Ohio River and its major tribu-
taries. These stations are linked to a central receiving
station and a data processing center. The receivineg station
automatically interrogates each remote unit at certain time
intervals. In response, each unit transmits readings on
quality conditions as they are being measured at the moment.
Data received at the data processing center are punched on
tape for storage in the computer and are typed on a log chart
in conventional units for visual examination. The frequency
of interrogation is based on the need to interpret relation-
ships between certain quality characteristics. The designers
of the system noted that in order to study these relationships
"we need at least 20 pairs of values to get statistically
meaningful results on a daily basis. From a practical stand-
point, this requirement indicates the desirability of inter-
rogating stations at least once an hour."30 This requirement
would also apply with little modification to the IMP/S water
monitoring system.

The computer system used by the ORSANCO network also
has the capability for integrating water quality data from
other sources. For example the U. S. Weather Bureau and the
U. S. Geological Survey supply data on daily river flow to the
ORSANCO computer files. |In addition, Information is supplied

by the Public Health Service and Corps of Engineers to ORSANCO

30witt1iam L. Klein, David A. Dunsmore, and Robert K.Horton,
"An Integrated Monitoring Svstem for Water flualitvy Management in
%ggaghio V?é%ey," Environmental Science and Technology, (October
r P. .
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to develop and continuallyv upgrade water qualitv criteria and
waste control measures. The IMP/S network would have a
similar but more comprehensive inter-agency linkage to supply
additional data inputs.

The ORSANCO monitoring svstem has had a number of
practical applications bevond its monitoring function. For
example, one important application has been the tracing of oil
spills and accidental discharges into the river flow. The
monitoring svstem has also been used to detect unusual condi-
tions of dissolved oxygen and to develop a better understand-
ing of the relationships between dissolved oxvgen, river flow
and sewage treatment processes. In terms of specific appli-
cations the authors stated that,

...the ORSANCO robot monitor and data processing svstem
is being used to determine cause-and-effect relationships
with regard to river quality changes, to trace the effect
of spills and accidental discharges for the protection of
downstream water users, and to improve opportunities for
tailoring waste treatment practices to river quality
conditions. The essential contribution of the system

lies in the opportunity it provides to apply a sysths-
type operation to water quality management problems.

2. Automatic Water Analyzer System: This system is
used to make multiple parameter measurements of water quality
in high pollution areas. The basic network is built around a
Technicon CSME water quality analyzer. Connetta and Adelman
of the Technicon Corporation described this sensor unit as a
device where a '"sample is automatically introduced and prepared;

reagents are added in their proper sequence; a reaction ensues
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n32

and is finally read out in some form. This unit is capable

of analyzing "6 parameters continuously and simultaneously on
either a monitoring or individual samples basis."33 The CSM6
Tike the ORSANCO system uses a telemetry transmission mode
controlled by a central station. This capability enables the
water analvzer sensor to transmit data using one of two pro-
cedures: an automatic procedure which telemeters data to a
central receiver on a real-time basis; or, a store-then-
transmit procedure which allows the sensor/analvzer unit to
gather data over a number of hours and then upon command from
the central receiver transmit the stored data in compressed
signals. It should be noted that this analvzer system will
not only be important for routine monitoring and analvsis but
also for controlling environmental svstems. For examnle,
the Minneapolis-Saint Paul Sanitary District applied early in
1967 for a demonstration grant to use advanced techniques to
control and monitor sewer problems. The "Regulator Demon-
stration Program' as it is known, proposed to install:
...control gates at key points in the collection system,
along with sewer level monitoring and telemetered rain
gauges to allow optimum utilization of the existing

collection system on a real-time basis. The central
operation position will use a real-time process

32A. Connetta and M. H. Adelman, The CSM6: A Svystem for
the Multiple Analvsis of Water Parameters, (Technicon
Corporation, New Jersey, 1970), p. 125.

331bid.
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computer, with multiprogramming capabilities to acquire
data on rainfall, runoff, and system status, and to allow

real-time application of modeling techniques to determine
operating strategies.3l

In addition, five river monitoring stations employing the CSM6
Auto Analyzer systems were installed to measure 6 parameters
or chemical constituents in 24-hour samples collected at
various locations in the sewer system. The data derived from
these analyzers were then telemetered to a central processing
point for further analysis and integration with other data
formats.

3. River and Shallow Water Buoys: This system is
designed to complement both the robot monitoring svstem and
the automatic water analyzer system. Specifically, it will
be used to detect area precipitation and evaporation rates,
runoff conditions, discharge rates, water temperature, the
amounts of solar radiation falling on a particular area, river
oxygen demand, stream velocity, pollution dangers and potential
flooding conditions.

The buoy system will be primarily an active detection
sensor network utilizing radiometers, photodiodes, water
analyzers and other devices designed to measure environmental
conditions occurring in the immediate vicinity of the sensor.

The basic sensor device will be a radiometer instrument. This

3bJames J. Anderson, et al., Application of the Auto
Analyzer to Combined Sanitary and Storm Sewer Problems,
(Technicon Corporation, New Jersey, October 1967), p. 1.
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device will use two steerable detectors, electronic equipment
and recording devices all of which are stored within the buoy.
By generating controlled optical signals the radiometer can
detect water evaporation and local heat radiation. The data
is then recorded, and processed by a small, solid state, on-
board computer. As the data is processed it is also condi-
tioned for transmission to a central receiver. Power for the
buoy system will be provided by solar batteries backed-up by
on-board chemical batteries in order to maintain sensor
operation in case of a malfunction in the solar powered system.

k. River Gauge Network: The river gauge network is
concerned with gathering stream flow data such as stream
velocity, water temperature, biological oxygen demand (BOD)
and conductivity. These gauges are designed to operate in
remote areas and provide point data for long term analysis.
The data is stored in the sensor unit on paper tape and
regularly picked up by special teams. Once the data tape is
secured, it is automatically key punched and placed into a
computer for processing. This processing operation transfers
the data onto magnetic tape and which can then be used as in-
put for planning and pollution investigation studies. In
addition, it is used as input for the various simulation modu-
les utilized by the IMP/S.

5. Turbidimeters: This device is designed to measure
water clarity at selected points H utilizing controlled
optical signals. The water is continuously monitored by allow-

ing it to flow between a series of photoelectric devices. The
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photoelectric cells detect the amounts of suspended particles
passing through a light beam. These particle contacts are
subsequently recorded on tape and prepared for further proces-
sing. Since the turbidimeter will be integrated with the buoy
system it will be able to use the same on-board computer
system and telemetry unit. However, in some cases--especially
in high pollution sectors--this device will be combined with
the water analyzer system.

6. 0i1 Spill Detector System: This detector is a highly
specialized sensor unit designed to sense oil slicks and other
water pollutants of a similar nature. The oil spill detector
like the turbidimeter will be part of the buov svstem and will
alert the on-board computer if an oil slick is sensed. Once
the alert is received by the central station, additional
sensors can be brought into action or if the area is readily
accessible investigating teams can be sent to the scene.

In designing a highly sensitive and flexible water
monitoring system, it is extremely important that the sensor
units be located in those areas which can give a good sample
of the river flow and its quality characteristics. These units
must also be dispersed in sufficient numbers in order to give
the water monitoring/analysis system adequate coverage. In
addition, consideration must be given to the dynamic response
of the sensors to fluctuating conditions. In relation to this
particular point, Duane G. Chadwick of Utah State University

noted that:
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Because of the high variability of hyvdrologic data, a
particularly useful system must have a sufficiently smaller
error factor in order to allow measurement of the variable
under scrutiny to a satisfactorv accuracy. Frrors caused
by time and space problems have been cited as being very
significant to the usefulness of the data. To reduce these
errors to an acceptable level there needs to be a suffi-

ciently large number of stations and data should be taken
sufficiently often at each station.35

7. Air Monitoring System: As an integral part of the
Surface Data Collection System the air monitoring system will
be primarily concerned with monitoring and measuring the air
quality over particular regions. Data collected from this
system will be continuously combined with other sensor data
outputs in order to create a multi-dimensional picture of the
air quality in a specific environmental context.

This multi-dimensional concept is extremely important
because air quality is dependent on a vast number of interact-
ing variables and conditions. This complexity was noted by
Robert R. Ryder in his articles describing New York City's air
quality monitoring system where he stated: "Air pollution,
particularly in metropolitan areas is a function of widely
distributed sources of contaminants and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>