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PREFACE

This document was prepared in partial fulfillment of the National
Park Service Visibility Monitoring and Data Analysis Program (Contract
CX-0001-7-0010). This manual describes the Optec LPV-2 transmissometer
and its standard operating procedures. The LPV-2 transmissometer is a :
relatively new instrument that is still undergoing field evaluation tests
to define measurement and calibration uncertainties. The results of these
tests, as well as any procedural changes, will be included in future

versions of this document.
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1.0 INTRODUCTION

The LPV-2 transmissometer is designed and manufactured by Optec,
Inc. of Lowell, Michigan. The instrument has evolved to its present
configuration as a result of the visibility monitoring needs defined by
the National Park Service (NPS) Visibility Monitoring and Data Analysis
Program and the Interagency Monitoring of Protected Visual Environments
(IMPROVE) Committee. The transmissometer was designed to meet the
following criteria:

0 Measure atmospheric extinction at 550 nm;

o Measure extinction both day and night;

o Provide a variety of sampling and averaging options;

o Operate unattended for extended periods;

o Operate at low power to accommodéte remote solar applications;

o Operate at ambient temperatures;
o Be capable of self recovery in the event of power interruptions;

o Provide analog voltage outputs and panel digital displays of
selected visual air quality measurements;

o Be modular, 1ight weight, and easily transported to accommodate
remote installations or field replacement of components; and

0 Be easily serviced by trained, non-technical personnel;

The first LPV-2 transmissometer was installed in August 1986. The
primary configuration of the system has remained unchanged. However,
system improvements have occurred and are expected to continue as
additional field experience is gained.

Comparison studies between the LPV-2 transmissometer and other
extinction/scattering measurement techniques indicate that extinction
derived from the LPV-2 transmission measurements is accurate to better
than + 10% (Malm et al., 1988). The uncertainties associated with
"~ calibration and routine operation are yet to be quantified. The NPS is

currently conducting a comprehensive testing program to quantify these
uncertainties.

This manual was prepared by Air Resource Specialists, Inc. (ARS)
under the NPS Visibility Monitoring and Data Analysis Program (Contract

CX-0001-7-0010). The manual overviews the general LPV-2 instrument speci-

fications and standard operating procedures. Additional documents that
more fully describe specific instrument and operational details include:
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o Optec LPV-2 Instrument Manual (Optec, Inc., 1987) - This manual
describes the primary design and electronic principles of the
instrument, details the instrument specifications, and presents
operations and calibration procedures.

o Transmissometer System Field Operator’s Manual (Air Resource
Specialists, Inc., 1988) - This manual presents a detailed
description of all information necessary for field operators to
properly operate and maintain the IMPROVE transmissometer systems
based on the LPV-2 instrument.



2.0 INSTRUMENT DESCRIPTION

2.1 Concept

The Optec LPV-2 transmissometer has been designed to measure the
ability of the atmosphere to transmit Tight of a specific wavelength
(550 nm, green). It accomplishes this by measuring the loss in light
. received from a 1ight source of known intensity as the 1ight beam travels
a known distant. ‘ : ‘

The LPV-2 transmissometer has two primary components: a 1ight source
(transmitter), and a light detector (receiver) as displayed in Figure 2-1.
Depending on the average visual air quality, the components are generally
placed from .5 to 10 kilometers apart. The system can take measurements
day and night; the light emitted from the transmitter is "chopped” at 78
pulses a second to allow the receiver to differentiate the lamp signal from
background, ambient 1ighting. The receiver-measured transmitter light
intensity is compared to the known (calibrated) transmitter light output to
calculate the percent transmission of the atmosphere. When the path distance
is supplied (user set), the receiver computer can cT1culate and express
visibility measurements in terms of extinction (km™!) or visual range (km).

The LPV-2 transmissometer system’s low power consumption provides
remote operation from a small power supply, such as a solar power system.
Both components contain self-resetting and battery backup circuitry for
extended periods of unattended operation. Both components require shelter
from precipitation and dirt, but can operate at ambient temperatures. Routine
operation of the system can be performed by trained, non-technical personnel.
Instrument calibration and repair requires trained technical personnel or
factory service.

2.2 Transmitter

The LPV-2 transmitter emits a uniform, chopped 1ight beam of constant
intensity at regular intervals for a programmed duration. The transmitter
has two components: an electronic control box, and a light source or trans-
mitter. Transmitter components are shown in Section 7.0, Figure 7-4,

The transmitter optics perform two functions: 1) concentrate 1ight
from the 15-watt tungsten filament lamp into a narrow, well-defined uniform
cone, magnifying the beam to the equivalent of a bare 1500-watt lamp; and
2) allow the operator to precisely aim the light beam at the receiver.

Although a 1-degree cone of 1ight is emitted from the transmitter,
only the center 0.17 degree portion is used for routine monitoring. This
portion of the beam, denoted to the operator by a reticule circle, is
very uniform in illumination.
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Transmitter

Receiver

Figure 2-1. Optec LPV-2 Transmissometer System.



The intensity of the Tight emitted from the transmitter is precisely
controlled by an optical feedback system which continuously samples the
center 0.17 degree portion of the outgoing beam and makes fine adjustments
to keep the light output constant. Although the lamp light is white, only
the green (550 nm) portion of the output is monitored and controlled by the
feedback circuitry.

Light emitted from the transmitter is “"chopped" at 78 pulses a second
by a mechanical spinning disk located in front of the Tamp. The light is
chopped to allow the receiver computer to differentiate the lamp signal from
the background or ambient lighting. By using this technique, the transmis-
someter can operate day and night.

The transmissometer can be operated in either a “continuous" or "cycled"
mode. In the continuous mode, the transmitter projects the chopped signal
continuously. To prolong lamp life, reduce power consumption, or to accom-
modate various sampling strategies, the transmitter can be operated in the
cycled mode. In the cycled mode, the transmitter can be set to turn on at
precise intervals and to stay on for selected durations as shown below:

Intervals

20 minute 2 minutes
1 hour 16 minute
2 hour 32 minute
4 hour 64 minute

For example, with an interval setting of 1 hour and a duration setting
of 16 minutes, the transmitter would turn on every hour and stay on for 16
minutes. Other combinations, such as a 2-hour interval and a duration of 2
minutes, are possible. A push-button switch in the transmitter control box
defines the start time of the intervals. When using the system in a cycled
mode, the transmitter and receiver clocks must be synchronized.

The transmitter 1s not weatherproof and requires a shelter. The

instrument can operate at ambient temperatures. Primary specifications .
for the transmitter are listed in Section 7.0, Figure 7-2.

2.3 Receiver

The function of the LPV-2 receiver is to:

o

Gather light from the transmitter;
o Convert it to an electrical signal;
o Isolate and measure the received transmitter light; and

o Calculate and output visibility results in the desired form.



The receiver has three components: 1) a long focal-length telescope;
2) a photodetector eyepiece assembly; and 3) a Tow power computer. Receiver
components are shown in Section 7.0, Figure 7-8.

The telescope gathers the transmitter light and focuses it on a
photodiode that converts it to an electrical signal. The receiver
computer "locks-on" to the transmitter light’s chopped frequency and
separates the transmitter light from ambient lighting. The received
signal can be described as an AC waveform (chopped transmitter light)
carried on a DC voltage (background lighting). The effect of atmospheric
turbulence is minimized by using 62,500 samples of the signal to calculate .
-a one-minute average reading.

The computer compares the measured transmitter 1ight with the known
(calibrated) transmitter light to calculate the transmission of the
intervening atmosphere. :

Like the transmitter, the receiver is equipped with an eyepiece to
precisely aim the detector, and an interval timer to control the interval
and duration of measurements. The battery-backed interval timer can be
user-set to start the readings at precise intervals and define the averaging
time as shown: .

Intervals Qurations
20 minute "1 minute
1 hour 10 minute
2 hour 30 minute
4 hour 60 minute

For example, with an interval setting of 1 hour and an averaging time
of 10 minutes, the computer would provide one 10-minute averaged reading
every hour. Other combinations, such as an interval of 4 hours and an
averaging time of 60 minutes, are possible. The receiver computer has a
momentary switch to define the start time of the intervals and to synchronize
the receiver and transmitter timers when the system is used in the cycled
mode. '

The transmissometer system timing used in the National Park Service
monitoring network is as follows:

HR:MI:SEC Action

09:00:00 Transmitter turns on

09:03:00 Receiver begins 10-minute average reading
09:13:20 Receiver finishes reading, toggle changes
09:16:00 Transmitter turns off

10:00:00 Transmitter turns on

Sequence repeats hourly

The transmitter duration (lamp on) times are greater than the computer
averaging times to allow for timing system clock drift.



The receiver is not weatherproof, and requires a shelter. The
instrument can operate at ambient temperature. Primary specifications for
the receiver are listed -in Section 7.0, Figure 7-3.

2.4 Data Qutput

The receiver computer outputs visibility measurements to data loggers
in the following user-selected formats: . :

1. Raw receiver reiding (counts)
2. Extinction (km™')
3. Visual range (km)

The working path distance must be measured to the nearest 0.0]
kilometer. In most cases, a slope-distance measurement with this -accuracy
can only be made with an electronic distance meter. The working path must
be entered on the computer front panel to allow calculation of extinction
and visual range. - :

The receiver computer provides three analog outputs which are
available to data loggers. The first two outputs can be user defined with
the Al and A2 switches on the computer front panel. The third analog
output is dedicated to a signal called the toggle. A brief description
of the analog signals is presented below:

Al Switch
Al Switch 0-10 Volt Range
Position Units R n
C Raw Reading (coynts) 0 - 1000 Counts
B Extinction (km™!) 0.000 - 1.000 km~!
VR Visual Range (km) 0 - 1000 km

The Al switch position also determines the value shown on the
receiver computer front panel display.

A2 Switch
A2 Switch 0-10 Volt Range
Position Units Represents
SD Standard Deviation 0 - 100 Counts
(counts) :
CR Raw Reading (counts) 0 - 1000 Counts

The ?2 value is not available for display on the receiver front
panel.



Togqle

The toggle signal indicates that the receiver computer has made a
valid reading. Under normal operation, the toggle signal will change
state each time a new valid reading is made (i.e., low to high, or high
to lTow).

Togqle Signal Analoq Qutput
Low Approx. 2.5 volts
High Approx. 10 volts

The-toggle state is also displayed on the receiver compuier front panel
with an LED indicator light (light on = high).

The 0-10 volt DC, individually grounded, analog signals may be
sampled with any high impedance, single-ended, or differential input data
lTogger. Connector configurations are shown in Section 7.0, Figure 7-13.

When the receiver is used in the cycled mode, the analog signals
representing the readings are held constant and available to the data
Togger until the next reading update.




3.0 SITING CRITERIA

The fundamental requirement for operation of the LPV-2 transmissometer

is a clear, unobstructed Tine-of-sight between the transmitter and receiver.

When siting the transmissometer, the objectives of the monitoring program

and the requirements and limitations of the instrument should be considered.

3.1 General Siting Criteria

The following general siting criteria should be considered: .

o

o

Local or regional monitoring emphasis;

Representativeness of the sight path to the air mass of concern;
Isolation from local sources;

Proximity to seasonal or épecial.use areas;

Proximity to and desired relationship with other air quality
monitoring systems; and

Local weather conditions.

3.2 Path Length

When choosing a sight path distance, the expected range of visual air
- quality should be considered. As a general guideline, remote areas in
the Western United States will require a separation distance of between 5§

and 10 kilometers, while sites in the East will need a sight path of between

0.5 and 4 kilometers. A usable transmissometer sight path for remote
Tocations can be calculated if the mean visual range is known, as follows:

Sight Path = Mean Visual Range X 0.033

The working path should be selected carefully when siting a transmissometer
in a location with a wide range of visual air quality.

3.3 Path Height

The basic operating assumption of the LPV-2 transmissometer is that,
in the absence of atmospheric extinction, the irradiance from the source
decreases inversely as the square of the distance from the transmitter:
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Ir = Io/r2
I. = irradiance at some distance r with bext = 0
Io = jrradiance of source

This premise will be invalid if the transmitted beam is distorted by
refraction due to temperature discontinuities or by surface reflections. To
eliminate these effects, the transmitted light should not intercept or pass
near any surface visible in the detector field of view. If possible, the
sight path should be elevated above the terrain surface and both the receiver
and transmitter should be located at the edge of a drop-off. ‘

The LPV-2 transmissometer has the following optical configuration:

Transmitter: 0.179 uniform portion of beam
1.00% total cone of light
2.30° telescope field of view

Receiver: 0.07° detector acceptance cone
1.30° telescope field of view

The field of view of both transmitter and receiver telescopes in
relation to the terrain surface should be considered when choosing a
sight path. Diagrams of the reticule circles as viewed through the
telescope are presented in Section 7.0, Figure 7-12. Figure 3-1 depicts
acceptable and unacceptable sight paths:

3-1a - This figure depicts an ideal sight path where both the
transmitter 1ight beam and the receiver detector cone of
acceptance are well elevated above terrain features.

3-1b - This figure depicts a good sight path. Although the
transmitter beam touches the terrain surface, it does so
at a point well away from the detector cone. The detector
cone is also well elevated above the terrain.

3-1c - In this figure, the transmitter beam passes too close to
the terrain surface. Surface heating may distort the beam.

3-1d - This figure depicts a transmitter beam striking the ground
within the detector cone. Both refraction and reflection of
the beam will occur producing invalid measurements.

Avoid locating the transmissometer sight path over terrain that

will produce a high frequency of temperature inversions, such as bodies
of water. :
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TRANSMITTER _ RECEIVER
(1° Beam = Solid Line) 1A BEST (0.07° Detector Cone)

3-1B GOOD -

3-1C BAD

e’:%'Transmmer beam very close toQ.x‘-'

B 8round for long distance; £

1.

3-1D UNACCEPTABLE

Transmltte'r beam touches ground wnhln detector fleld of view..”

s fale tenree sl BRI S st e S _-..... R Pt .

Figure 3-1. Sight Path Examples.
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3.4 Other Technical and Logistic Considerations
Additional technical siting considerations include:
o Power

o Ground Stability - Mounting piers should be as stable and free
of movement as possible.

o Radio Frequency Interference - The Tow power CMOS circuitry used
in both components is sensitive to strong radig signals. Avoid
siting very close to broadcast antennas or repeaters.

o Data logger requirements

Logistic siting considerations include:

o Installation access

o Servicing access

o Proximity to servicing personnel

0 Vandalism

0 Beam Intrusion

12




4.0 SYSTEM INSTALLATION

An LPV-2 transmissometer visibility monitoring system configuration
for remote, unattended operation will require a stable mounting platform,
adequate sheltering, and a reliable power supply. A diagram of a typical
installation is presented in Figure 4-1.

4.1 Instrument Mounting

Transmitter and receiver telescope alignment is critical for proper
operation of the system. The small angle of the transmitter light used .
for monitoring (0.179), and the very small angle of acceptance of the
receiver detector (0.07°) require mounting platforms that are not
susceptible to movement due to differential thermal expansion, slippage,

or vibration. Receiver mounting is more critical than transmitter mounting.

A massive concrete pier, or rock, should be used to support the
mounting posts. Soil stability and frost depth should be considered when
lTocating the pier. The mounting pier should have a large thermal mass and
be designed to avoid movement created by thermal distortion.

ATti-azimuth bases are available that allow precise positioning of
the transmitter and receiver telescopes. They should be designed to
minimize movement due to thermal expansion or contraction.

4.2 Sheltering

The LPV-2 transmissometer requires sheltering to protect the optics
and electronics, to house support equipment, and to shelter the operator
during servicing. Because transmissometer components will operate at
ambient temperatures, climate-controlled shelters are not necessary. The
type of shelter wiil depend on the local weather conditions and site
Togistics. Shelters can range from small environmental enclosures to full-
size instrument shelters. Considerations for sheltering system components
may include: S )

Weather conditions

Shelters aesthetics

Sealed well against precipitation and dust
Vandalism

Access for installation

Adequate room for support equipment
Adequate space for operator movement
Future additions of instrumentation

Two instrument-related requirements should be accommodated: 1) The
mounting post should be isolated from shelter vibrations and movement,
gnd 2) transmittance at 550 nm for all windows must be known to within +

1%,

13
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Figure 4-1, Transmissometer Shelter Diagrams.
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4.3 Power Requirements

Both the transmitter and receiver operate from 12 volts 0c,
requiring 34 and 5 watts respectively. Any well-filtered, stable power
supply may be used; however, the system lends itself well to battery
operation.

When AC line power is available, the transmitter can be powered from
. a deep-cycle battery that is maintained by a surge-protected automatic
charger. The receiver can also operate from the same power supply
configuration.

Solar, or alternative power systems, may also be used. Care must be
taken to adequately size the power supply to accommodate periods of
insufficient sun, and to provide power for selected support equipment.

Both the transmitter and receiver circuitry contain battery-backed
timing circuits to maintain correct system timing in the event of a power
failure. The transmitter-is equipped with a supply voltage sensing circuit
which will interrupt operation when the supply voltage is insufficient.
This prevents the transmitter from emitting improperly reguiated 1ight and
also protects the power supply. The receiver computer has a self-starting
capability to avoid computer lock-ups during power failures.
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5.0 SERVICING REQUIREMENTS

Routine servicing-of the Optec LPV-2 transmissometer system can be
performed by trained, non-technical personnel. Servicing tasks can be
separated into four classifications:

WEEKLY SERVICING
- Transmitter and receiver telescope alignment _
- Cleaning of transmitter and receiver optical surfaces

MONTHLY SERVICING . :
- Transmitter and receiver system timing check and reset (if necessary)
- Transmitter lamp status check

LAMP REPLACEMENT (500-750 hours use)

- Transmitter lamp change at 500 hours for 6-volt lamp supply
- Transmitter lamp change at 750 hours for 5-volt lamp supply
- Pre- and post-calibration of lamps

YEARLY SERVICING

- Field technician site visit and/or factory servicing of system
- Post-calibration of all lamps

- Pre- and post-calibration of lamps

Field operator Log Sheets should document servicing of the Optec
LPV-2 transmissometer system, as well as for support equipment such as data
loggers. [t is advisable to design the Log Sheets in a checklist format in
the order servicing tasks will be performed.

16
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6.0 INSTRUMENT CALIBRATION

Calibration determines the light output of the transmitter as measyred
by its receiver. The LPV-2 transmissometer system must be calibrated as a
unit.

Transmitter
Transmitter Control Box
Receiver Telescope
Receiver Detector Head
Receiver Computer

In addition, each lamp will have its own calibration number for use
in the specific transmissometer system. No component of the system,
including lamps, may be interchanged without re-calibration.

Calibration requires moving the transmitter and receiver close enough
together to negate the effects of the atmosphere on the light beam.
Calibration path distances of between 700 to 1300 feet accomplish this as
the table below shows:

Atmospheric Transmittance for Calibration
Paths at Various Extinction Values

Extinction (km~1)
Path_Length .01 .02 .03 .04 .05 .06 .07

0.2 km (656 ft.) - .998 .996 .994 .992 .990 .998 .980
0.3 km (984 ft.) .997 .994 .991 .988 .985 .982 .970
9.4 km (1312 ft.) .996 = .992 .988 .984 .980 .976 961

The LPV-2 optical/electronic systems are very sensitive to allow
operation at long paths with very small signals. To avoid detector overload
due to light saturation when operating at short distances, precisely machined
aperture rings are used to reduce the light gathering ability of the receiver
telescope by a known amount. A typical diameter for a calibration aperture
-would be 11.0 mm.

The calibration number is used by the receiver computer to calculate
extinction. Error in the calibration number will, therefore, affect the
accuracy of extinction values. Tests are underway to determine the accuracy
of the calibration numbers derived under field conditions.

17
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6.1 Calibration Paths

The calibration path should be chosen carefully with the following
considerations:

Calibration path approximately 700 to 1300 feet (0.2 to 0.4 km)
Beam elevated well above heated surface

No local pollution sources

Stable atmosphere of estimable extinction

The calibration path distance must be measured to an accuracy of 0.1%
which is usually only possible with an electronic distance measuring device.

6.2 Calibration Instrument Configuration

The receiver and transmitter telescopes can be supported by portable
tripods for calibration. A well-charged, deep-cycle battery is required to
power the transmitter because it is operated in the continuous "run" mode.
The following is a 1ist of -some of the more important support equipment
needed for calibration:

Electronic distance meter

Substantial tripod for receiver telescope
Regular camera tripod for transmitter
Two deep-cycle batteries '
Transmissometer lamps

Calibration Log Sheets

Communication radios

A precisely machined Tamp housing positions the lamp filament in the
correct optical position. Because of this, it is possible to pre-calibrate
a number of lamps for later use. With a pre-marked calibration path,
experienced technicians can calibrate four lamps in approximately three
hours, including set-up and take-down.

6.3 Calibration Data Collection and Analysis

Calibration readings should be documented on a LPV Calibration Data
Sheet (or equivalent), as shown in Figure 6-1. At least ten one-minute
. readings should be taken for each lamp. The mean value of the readings

should be used in the following equation to calculate the calibration
number: \

18




LPV CALIBRATION DATA SHEET

page 1 of 2

Location: Date:

instrument 1D: Technician:

Veather/Coaments:

WORKING SETTINGS

Vorking Path (UP) | {] Integration Time: { 10 30 60
Vorking Gain (UG) Cycle Time: € 20 1H 2H 4H
Working Aperturs (WA) - an Al Setting: C B VR

A2 Setting: SD CR
Shelter Yindows Transmittances (UT)
Receiver . Transmitter . Previous Calib. Nusber

CALIBRATION SETTINGS

Calib, Path (CP) ka Receiver Through Glass: Y N
Calib. Gain (CG) _Transaitter Through Glass: Y N
Calib. Aperture (CA) us

EXTINCTION CONDITION BEFORE AND AFTER CALIBRATION
TIME Bext ’ TIME Bext

Before: N E After: M E

(M measured or E estimated)

Atwospheric transmittance at time of calibration (T):

=(Bext x CP)
(calcuiate T using e _ or use Table 5-1)

Figure 6-1. LPV-2 Calibration Data Sheet, Page 1.
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CALIBRATION READINGS
page 2 of 2
Start time: (spare data area)

Reading Toggle . Reading Toggle

Average (CR)

CALIBRATION NUMBER CALCULATION

2 2
Caltib.? = (CP/WP) «x (WG/CG) x (WA/CA) x VT z (1/T) x CR

Note: sodify UT if calibration iy done through a shelter window

ADDITIONAL COMMENTS

Figure 6-1. LPV-2 Calibration Data Sheet, Page 2.

20




Calib. # = (CP/WP)Z x (WG/CG) x (WA/CA)2 x WT x (1/T) x CR
where

CP = calibration path length, 0.200 to 0.400 km
WP = working path length, 0.500 to 10.000 km

CG = calibration gain, 100.0 to 999.9 (optimum calibration readings
in 800 to 900 range) . S -
WG.= working gain, 100.0 to 999.9

CA = calibration aperture, approximately 11.00 mm
WA = working aperture, approximately 110.00 mm

WT = total shelter(s) window transmittance.
If windows are used on both ends, multiply their
transmittance together. Typical value for two
windows is 0.846. '

T = estimated or measured atmospheric transmittance for
calibration path, 0.950 to 0.996 typical

CR = average of 10 readings at the calibration path

The transmissometer calibration number represents the reading in
counts that would be measured if the atmosphere between the transmitter
and receiver allowed 100% 1ight transmission. With the calibration
number dialed-in on the computer front panel, the percent transmission
(%T) is directly calculated by the receiver computer by dividing the
measured reading by the calibration number.

Each lamp will have its own calibration number that must be entered on
the computer front panel when the lamp is put into service. Once a system
is calibrated, no further adjustments to the telescope focus or any other
optical changes can be made or the calibration must be repeated.

The uncertainiies associated with calibration are yet to be quanfified.

The NPS is currently conducting a comprehensive testing program to quantify
these uncertainties,
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7.0 DIAGRAMS AND SCHEMATICS

Diagrams and schematics that may be helpful in understanding the
LPV-2 transmissometer are presented in this section. Included are:

General Operating Specifications (Optec, Inc., 1987)
Transmitter Specifications (Optec, Inc., 1987)
Receiver Specifications (Optec, Inc., 1987)
Transmitter Components

Transmitter Control Box _

Transmitter Lamp Chamber .

Transmitter Functional Diagram (Optec, Inc., 1987)
Receiver Components

Receiver Functional Diagram (Optec, Inc., 1987)
Receiver Signal Processing Waveforms (Optec, Inc., 1987)
Ten-Minute Integration - Sample (Optec, Inc., 1987)
Reticule Diagrams

Connector Configurations

NN\I\I\I\ITI\IN\I\I\IN
Pttt = D 00 OO B DN

WM -0
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EXTINCTION RANGE .010 TO 1.000 /km

RESOLUTION Extinction (B) .001 /km

Visual Range (VR) 1 km

ACCURACY Transmission +/-3%
Extinction +/-0.003 /km for 10 km working
path and 0.010 nominal extinction
value '
MEASURED Filter 550 +/-2 nm, 10 +/-1 nm bandwith at
WAVELENGTH . 1/2 power points
OUTPUT, PANEL Al Extinction (/km) to .001
METER Visual Range (km) to 1 km

Raw instrument values to .010 V
OUTPUT, REAR Al (Extinction) OtolOoVv, 0.01 V = 0.001/km
CONNECTOR

Al (Visual Range) Otol0V, 0.01 V=1km
Al (Calibration) 0 to 10 V raw instrument value

A2 (Chart Rec.) 0 to 10 V raw instrument value

A2 (Std. Dev.) ‘Standard deviation (N-1 samples)
of the raw 1 minute instrument
values

POWER SUPPLY .12 Battery

AMBIENT -20 TO +45 deg. Centigrade
OPERATING
TEMPERATURE

Figure 7-1. General Operating Specifications (Optec, Inc., 1987).
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TELESCOPE
BEAM

FEEDBACK
FILTER

LAMP

CHOPPER
FREQUENCY

CLOCK

POWER SUPPLY

SIZE

WEIGHT

Figure 7-2.

Field of View
Total Diameter

Used for Routine
Monitoring

Feedback Diameter

Uniformity

Center Wavelength
Bandwidth

Type

Regulation
Life

78.1250 +/-.0001 Hz

Cycle times
Lamp-on times
Freq. Tolerance

Voltage, input
Power (lamp off)
Power (1amp on)

Projector
Controller

Projector
Controller

24

2.3 degrees
1 degree, projected cone of light

0.17 degree center portion of beam
denoted by reticule circle

0.17 degree as referenced to the

projected cone and centered within
the 1 degree cone

5% over 1 degree cone
1% over 0.17 deg. center cone

550 +/-2 nm

‘10 +/-1 nm

6 volt, 15 watt special prefocused
tungsten filament lamp mounted in
machined base

constant to +/-1.5%

500 hrs. continuous at 6.0 volts

20 minutes, 1, 2, and 4 hours
2, 16, 32, 64 minutes and continuous
78.125 + .0004 Hz (709F)

10.2 to 15 volts DC
0.12 watt at 12.5 volt input
34 watts at 12.5 volt input

18 x 4 x 6 inches (LxWxH)

9.5 x 5.4 x 1.9 inches

4 1b.
2 1b.

Transmitter Specifications (Optec, Inc., 1987).




TELESCOPE

PHOTOMETER
HEAD

DET/ :
ELECTROMETE

BANOPASS
AMPLIFIER

A/D INPUT
AMP

SIGNAL GAIN
CONTROL

COMPUTER

OPERATING
SYSTEM AND
PROGRAM

INPUT CHANNELS

DISPLAY

POVER SUPPLY

SIZE

WEIGHT

Figure 7-3.

Field of View
Detector Acceptance
Cone

Clear Aperture
Focal Length

Lens Type

Detectar
Detector NEP
Active Dia.
Filter

Type

Gain
Bandwidth
Noise
Gatn T-C

Center Frequency

Gatn
Bandwidth
Gain T-C

Turns
Linearity
Accuracy

Processor
Memory

1/0

Clock Speed
Buss Type
A/D

D/A

1.3 degrees
0.07 degrees

110.00 mm
629 mm
coated cemented achromat

silicon PIN photodiode

8 x 10E~16 W/ Hz

0.75 mm

550 nm with 10 nm bandwidth

current-to-voltage
4x10E9

OC to 500 Hz o

S mv p-g OC to 500 Hz
0.02%/C , .

78.125 +/-0.100 Hz
a2

30
1 te 1008 Hz
0.005%/C

10
0.25%
0.5%

NSCB00, Z-80 8-bit CMOS

32K RAM, 32X ROM all CMOS

60 linaes total

4 Mhz

NS CIM-BUS, Euro-card connectors
12-bit, 50uS conversion all CMOS

12-bit, 0 - 10 V output, 2-channel, CMQS

Custom varaion of RTL (relocatable threaded language)
a variation of FORTH resident on ROM

POWER

GAIN

Al

A2

CYCLE TIME
INTEGRATION TIME
PATH LENGTH
CALIB. CONSTANT

Al
oy
O0R
106

Input Voltage
Input Current
Output Voltages

Telascope
Computar
Photometer Head

Telascope
Computer
Photometer Head

On-off toggle switch

10-turn pot with digital readout
3-pos. switch (C,B,VR)

2-pos. switch ($D.CR)

S5-pos. switch (C,20M,1H,2H,4H)
4-po3. switch (1,10,30,60 M)
4-digit BCD switch

3-digit BCD switch

3 1/2 digit panel meter
A/D aver voltage, LED lamp
D/A over range, LED lamp

Changes state after integ., LED lamp

9 - 15 V DC, raverse polarity protected

400 ma at 12.5 V DC input voltage
+5, +#15, -15

23 x 5.5 inches (L x Dia.)
14 x 12 x 9.5 inches (LxWxH)
5x 2.5 x 3.5 inches (LxWxH)

17 1b.
7 1b.
2 b,

Receiver Specifications (Optec, Inc., 1987).
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Lamp Housing
Access

Lens Position Screw.
(Preset - do not

|
adjust) Control Cable

Objective Lens Lamp Housing

Flip Mirror Knob

—t—e—Fyepiece

Flip Mirror Knob

® ® Lamp Housing Plate
_— Lamp Socket
) O (Shown with Lamp
Installed)

eoo0 Control Cable

® ® oo Connection

Control Box Access

Control Cable
Connectio

Test Switc
(SN 5 and above)

On/Off Switc
Figure 7-4. Transmitter Components.
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- AGC 5 AMP AA Alka“ﬂe |n(egrati0n Cycle
Fuse Batteries Settings Settings

Power Cable
Connection

Control
Cable
Connector

On/Off Switch —c]

Lamp Check LED Time Reset Switch
Control Box - Serial Nos. 001-004

p AA Alkaline

Batteries |
Power Cable

_.=|=.:.‘ N
Connection—| | XY [:Ej ﬂol m—— 5"l IﬂE j,f

AGCS
Fuse

i I

INTEG.

Control 64+t ] |—Integration
Cable 32+ Settings
Connector 16+

2.

CYCLE
4o
Test e —1] 3: ——=Cycle

Switch 20Me Settings

Time Reset Switch

On/Off Switch

. 1 S

Lamp Check LED *
Control Box — Serial Nos. 005 and higher

li‘late\

Figure 7-5. Transmitter Control Box.
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Cyepiece

Flip Mirror Knob

Lamp Housing Plate

Lamp Socket

—— OOO
= o O
Q (@)

(Shown with Lamp
Installed)

Control Cable

® ® ®ooo®

Connection

Chopper Blade

Optical Feed Back

. Block

Lamp

_ Figure 7-6. Transmitter Lamp Chamber.
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FOCLISING EYEPIECE

Figure
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Ce—
FIELD APERTURE
RETICLE 7 CONDENSER 0w
‘ ) FEEDBACK ASSEMOLY LAP
= v ‘ . 741 .
= 4 / \ [ }
N £ ‘~1|Nlr
== !! @EAM SPUTTER
—1 FILTER
PROJECTION LENS CHOPPER ™\ Sucon DETECTOR
svncunonausﬁ
UOTOR
:7\ PREAMPF
VOLTAGE
uﬁumm L
) I 10gpm /C°
CRYSTAL PULSE GEN, DIFFERENCE
CONTROLLED WTH
QOCK (8) RAMP UP AMPLFIEN
m——————— - ENABLE mmur
| CRYSTAL |
| CONTROLLED |
I CLOCK (A) |
{ | ‘
[ I [ LOW BATTERY
| | COMPARATOR
[ CrQE tuer |
CONT. 20 MIN
: LI : PPL 2y BATTERY
POWER SUPPLY 1
| i mssrn/%‘ua. +6.8 &k -6.3 V 2.7 LAMP ON
| { ' QUTPUTS .0\A LAMP OFF
I INTEG. TIMER | |
| Le L
! heoum | | BATTERY
| M sacxue
A J 43 DAY UFE
7-7. Transmitter Functional Diagram (Optec, Inc., 1987).



Photometer Cable

Eyepiece

-

Telescope Tube

Obijective Lens
Thumbscrew

Photometer Head

Flip Mirror Knoﬁ

Mounting Plate

Objective Lens Assembly
Photometer Output
and Power Cable
Over Voltage (OV) ConnectionsonRear _ _ __
Indicator - . Panel S ; A; X
Display Path Dial Cal Dial _

-
/7 N
’//// < : L] 0 * N\
! @ @ \
| \

| INTEG.(MIN) CYCLE |
W m ™ i 0o
\ 1 0 c //
\ @ @ /
: /
~ -

hd -
—

* Toggle Light-

!
Over Range (OR b /
\

Indicator

Y

P ® @
S @ _

N\ /

- -
o o oy

= =
—

—

\
On/Off Switch  -Time Reset Switch

Figure 7-8. Receiver Components.
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GAN

OBJECTIVE LENS

AC AMPUFIER
-y GCAN = 30
BW = 1K HZ

A/D BOARD
12-8I1T
RESOLUTION

N3C-200 cPyU
S4K MEMORY
TL (FORTH) ©

1,

CYCLE TIMER |
CONT.. 20 VIN
2 & 4 HR,

0/A BOARD
Al MAIN OUT |———p
A2 CHART REC.

I S

FRONT PANEL
METER

-

AUTO RESET
CRCUITRY

BANDPASS AMP
o = 78125
Q = 32

2ERO CROSS
OETECTODR

oG or 5 A2

Figure 7-9,

aocx 10 30 W!Hﬂl
nm '--.ﬂ 'a..m

FRONT PANEL CONTROLS
EESE

PFATH m CALID.

c . “ ”. .m

oo O O

Receiver Functional Diagram (Optec, Inc., 1987).



— 128 ns —
T LARP ON /
LIGHT QUTPUT FROM / \ :
TRANSMITTER UNIT SIGNAL SAMPLE
INTERVAL OF \
8 READINGS LAMP OFF
0.4 ns
: SIGNAL SAMPLE :
SIGNAL RECEIVED AT INTERVAL OF
RECEIVER UNIT B READINGS -
SIGNAL + NOLSE 04 ns
QUTPUT FROM /
BANDPASS AMPLIFIER /
QUTPUT FROM ZERO
CRQSS DETECTOR ‘
i
PHASE PULSE
GENERATOR  |MSB 7 ] 1 '
‘ f L . T ]

w 3 1 f [ L f | I 1 |

-
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Figure 7-10.

1101010 10191010
START OF LAMP OFF
8 READINGS
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oLoLote LAMP ON
START OF NEW CYTLE
8 READINGS

Receiver Signal Processing Waveforms (Optec, Inc., 1987).



A ten minute reading is tho average of 10 one rninuia roqdmga

e IS S e

[ tamp on [ % | % | %5 | Xa [ X3 [ 24 | T | Za [ Xe | Tw] _ LAMP OFF |

REEETaa
E K & § E i i

ISEC——l

Tho first second precseding sach
5 second meaauring interval

8 SEC used to find the average phase af
the signal with the Intemal ciock

Figure 7-11. Ten-Minute Integration - Sample (Optec, Inc., 1987).
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Transmitter

Alignment Reticule
The figure below depicts the reticule as viewed through the transmitter eyepiece:

2.3° Telescope Field of View

1° Beam of Transmitted Light
17° Portion of Beam.Used for Routine Monitoring

L

@,

The circle depicted on the Log Sheet represents the small .17°inner reticule circle.
Itis this circle which should remain aligned on the receiver telescope for correct
instrument operation.

Receiver

Alignment Reticule
The figure below depicts the reticule as viewed through the receiver eyepiece.

1.3° Telescope Field of View

O

L— .07° Detector Field of View

The circle depicted on the Log Sheet represents the small .07° inner reticule circle.
It is this circle which should remain aligned on the transmitter for correct
instrument operation.

Figure 7-12.  Reticule Diagrams.
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Receiver computer

Output Connector

v (0]lo]0)
(0]o]0]
01010
Pin No. Function Wire Color
1 A1 Switchable to: Yellow
Raw Reading, Bexor Ve
2 A2 Switchable to: White
Raw Reading, Std. Deviation
3 Toggle Switch Orange
4 A1Return Green
5 A2 Return ' Black
6 ToggleGround - ‘ Brown
7 Not Used
8 Not Used
9 Bare
Power Connector
(V)
® o
@
Pin No. Function Wire Color

1 - Not Used
2 + 12VoltDC Black (Ribbed)
3 -12VoitDC Black
4 Not Used

Figure 7-13. Connector Configurations.
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8.0 NPS TRANSMISSOMETER OPERATING SPECIFICATIONS

A number of LPV-2 transmissometers are currently operating in
the NPS Visibility Monitoring and Data Analysis and IMPROVE programs.
These transmissometers operate according to the following specifications:

PATH LENGTH

- Acadia National Park, Maine: 3.67 km.

- Badlands National Park, N. Dakota: 4,15 km -

- Canyonlands National Park, Utah: 6.43 km

- Glacier National Park, Montana: 5.28 km

- Grand Canyon National Park, Arizona: 5.79 km

- Petrified Forest National Park, Arizona: 5.94 km

- Pinnacles National Monument, California: 4.80 km

- Rocky Mountain National Park, Colorado: 5.27 km

- San Gorgonio Wilderness, California: 4.10 km

- Shenandoah National Park, Virginia: 0.68 km

- Voyageurs National Park, Minnesota: 1.68 km

SYSTEM TIMING

Transmitter

- Cycle mode, 1-hour interval, 16-minute duration

Receiver _

- Cycle mode, 1-hour interval, 10-minute duration

HR:MI:SEC - Action

02:00:00 Transmitter Tamp turns on

02:03:00 Receiver begins 10-minute average reading

02:13:20 Receiver finishes reading, updates display and
changes toggle state

02:16:00 Transmitter lamp turns off

Sequence repeats hourly

DATA COLLECTION
1.

One 10-minute averaged extinction measurement (km‘l) per hour.
Al switch setting: B

2. The last raw reading of 10-minute average (counts) each hour.
A2 switch setting: CR

3. Hourly air temperature (°F).
4. Hourly relative humidity (0-100%) .

TRANSMITTER LAMP CHANGES
1. Lamp change interval: 4 months

2. Four pr§-calibrated lamps are supplied each year (3 working lamps,
1 spare

3. Spent lamps are stored on-site for post-calibration
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SERVICING

1. Seven-to-ten day interval - routine servicing of both stations

2. Monthly interval - system timing checks

3. Four-month interval - transmitter lamp changes by field operators

4. Yearly - site visit by field technician. Post-calibration and
replacement of system with pre-calibrated unit.

CALIBRATION

1. Calibration path distance: 900 feet

2. Calibration aperture: 11.05 mm - _

3. Calibration readings: 800 to 900 count range ; .
4. Number of readings: minimum of 10 within + 2 counts of average -
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Appendix C

Visibility Monitoring and Data Analysis Using
Automatic Camera Systems - Standard Operating
Procedures and Quality Assurance Document



Visibility Monitoring and Data Analysis
Using Automatic Camera Systems

Standard Operating Procedures and
Quality Assurance Document

~ Prepared by:
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May 1988
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1.0 INTRODUCTION

Documenting visibility events and trends is an important aspect of
evaluating existing or potential impairment in class I and other visi-
bility sensitive areas. Many of these areas afforded protection by the
Clean Air Act (1977) are remote. In many instances, commercial power is
not available, manpower is limited, and access is difficult. An auto-
matic camera visibility monitoring station is an effective and economical
way to address these specialized monitoring needs. -

An automatic camera visibility monitoring station takes 35mm slides
of a selected view any selected number of times a day. These photographs
provide a permanent visual record of visibility events, and quantitative
visibility measurements such as standard visual range can be estimated
from the slides.

This document outlines the data collection, analysis, and quality
assurance procedures commonly applied in automatic camera visibility
monitoring networks. Figure l1-1 is a flow diagram that highlights the
major steps in the data collection, handling, and analysis procedures.
In-depth discussions of theoretical and practical monitoring and analysis
techniques and considerations are also provid