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Section 1.0

INTRODUCTION

The Opted_PV Long Path Visiblity Transmissometer consists oftanstant outpulight source
transmitter and a computeontrolled photometer receiver. The irradiance from LtR&/-3
transmitter at a wavelength of 550rmn LPV-4 transmitter at a wavelength of 58 can be
measured to a high degree of accuracy both day and night, aral patr length of up to 20 km.

Path length is chosen based on the expected extinction values to be measured. A long path of
greater than 3 km is used to measure extinction near Rayleigh and a short path of less than 3 km
can be used to measure very hazyhearfoggy conditions. Both the receiver and transmitter
operate fom a 13.8volt battery source such asla-volt deep cycleor marine battery and use

very little power. The receiver consumes only 4 watts of power. The-3 B¥nsmitter uses
approximatey 20 watts of power when used in the middle power setting and the newl LPV
transmitter consumes less then 1 watt when used at the same setting.

The output results can be read as a voltage proportional to extinction or visual range. In addition,
a separat serial data interface (COM port) outputs a string of data items in ASCII format that
includes all the calculated extinction values, visual range, raw instrument values along with a
time stamp. The units can operate for long periods of time unattem@edoirtinuous or timed

cycle modeThe selfresetting and backup systems ensure continued operation even after power
blackouts or computer lockup. Both units can be synchronized, programmed and calibrated at
the home station and installed in thedd ready for operation.

The Model LPV3 Transmitter is an upgraded versioihthe Model LP\V2 Transmitterwhich

was discontinued Octob2003. Instead of two units connected by a cable, the-BB¥nsmitter

is contained in one unit with only a low w@ye power cable needed. An improved user interface
using two buttons with a-dharacter display allows for easy control over the expanded3d.PV
features.

The Model LPV4 Transmitter withgreenLED was introduced in 2011 and is an improved
version of theLPV-3 Transmitter. Use ofraLED in the transmitter allows an extended lamp life

of approximately 50,000 hours of operation. Calibrations need only be done annually. Operating
wavelength for this unit is set at 532mw@mpared td50nm for the LPV3 Transnitter.

As of September 2004, the LPA/Receiver has been upgraded to the Model -BPReceiver.
The large computer control box with thumb switches, rotary switch and analog dispéaglha
been replaced with a much smaller unit featuring a-lime forty character digital matrix
display. All configuration settings are now selectable throughbatibn interface and simple
menu system. The LRY Receiver computer controller can be replaced directly with the3.PV
Receiver controller with no change in cabbe operational methods. An improved PC interface
allows for complete configuration of the LP3/Receiver, testing certain important functions
and data logging.



SecTion 2.0

LPV-3TUNGSTEN LAMP TRANSMITTER
THEORY OF OPERATION

One of the major da#gn requirements of the transmitter projector is thapératewith the low
voltage (10.6 to 15 volts DC) and limited power available from batteries with integrated solar
cell recharging panels. A modified lowoltage tungsten lamp is used with a Kieeh
illumination projector system to give the equivalent light output of a bare -@&@0lamp.
Figure 21 shows a functional diagram of the transmitter projector system. This3uRvdel is

an upgraded version of the LP2/transmitter that was designiedthe 1980s. The LPA3 model

has the same functions as the LPVut with improved accuracy, lower power and more flexible
user interface.

2.1 LAMP AND LAMP REGULATION

A pulse width modulation method is used to power the lamp. Use of this method fdtovery

little power to be wasted in the lamp drive circuitry thereby extending battery life and reducing
heat generated in the projector unit. The EPYansmitter used a linear design which wasted as
much power in the control circuit as in the lamp.

The tungsten lamp's nominal effective operating voltage is 6 in the MED setting and it uses 14
watts of power. It is critically préocused and centered in a special mounting which allows easy
replacement in the field without the need to align the lanifh the optics after lamp
replacement. Expected life of the lamp at the MED setting is approximately 500 hours of
operation. Lamp output is adjustable by changing the applied power to it, which also affects
lamp life greatly. Foshort working pathengths of 1to 3km, the lamp power could be set to

the LOW (12 watts of power) setting with the resulting decrease in light output of 50% but an
increase in lamp life by a factor of 10. Conversely, setting the lamp power to the HI (16 watts
of power) setting will increase lamp output by 40% and decrease life by 70%. Lamp power
settings are selected via thé@tton interface. See Fig-2which shows effective lamp voltage

vs. lamp power.

As the lamp ages, the applied power will increase tp kee output constant. When the system
detects that the power has exceeded its upper limits, an ER=2 will be displayed on the DRO
indicating the need for lamp replacement. In addition, the unit will shut down the lamp and
chopper.

To maintain the lampudput constant at better than 1%, an optical feedback method is used. The
feedback detector views an area of the chopper that interrupts the beam going to the projector
optics. The chopper is coated with a flat white diffuse surface which scatters &ght v
effectively. A narrow band filter with a center wavelength of 550 nm and bandwidth of 10 nm is
mounted in front of the detector so that only this wavelength is measured and regulated. A pre



amp configured as a curretatvoltage amplifier convertdieé photocurrent from the detector to a
voltage which is fed to the Uit A/D converter port of the PIC microcontroller. From there, the
measured output from the lamp is compared in preset values for the LOW, MED and HI settings
and the output to the langive circuit is altered accordingly.
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Figure 21. LPV-3 Transmitter Function Diagram.

Since dust and evaporated films could affect the transmission of the feedback optics causing the
output of the lamp to increase by some unknown amount, the apticsoated chopper blade



are enclosed in a sealed block. The front surface of the condenser lens and both sides of the
projector lens are the only surfaces which need to be cleaned on a routine basis.

2.2 PROJECTION OPTICS

To increase the output frothe low power lamp to a level necessary to be measured accurately
by the receiver, a Koehler projection system has been used in the transmitter. Use of this method
increases the output of the lamp in-aelgree diameter cone by a factor of approximatelyy

without degrading the isotropy of the beam appreciably over an angular diameter sufficiently
large to negate the effect of beam spread due to turbulence. Simply stated, the condenser collects
the light contained in a solid angle of 11 degrees as Beem the filament and, with the
projector lens, concentrates this light into-degree cone. The-degree cone is set by a field
aperture at the focus of the projector lens which is also mounted very close to the condenser lens.
The condenser lens imagéhe lamp filament on the plane of the projection lens. Proper
operation requires that the filament image on the projection lens be entirely contained within its
aperture.

The beam isotropy is dependent on the uniform illumination of the fietdtiap near the
condenser lens. Because of shading within the coiled filament of the lamp (rear coils are shaded
by the front coils), some neamiformity is present. Experimental laboratory measurements
made on a number of lamps has shown that the mami nonuniformity to be expected is

around 5% and varies smoothly across tHuegdree cone. Within the 0-tégree cone observed

by the feedback detector, less than 1% variation has been measured. Experiments to measure the
effects of beam diameter amdrbulence on receiver output were made at the Grand Canyon.
The results show no measurable change even with beam diameters narrowed to 0.17 degrees
in moderately high turbulence conditions. The working path length was approximately 16 km.

To properly point the transmitter projector at the receiver, an eyepiélcaeticle can be
inserted into the optical path at the focus of the projection lens with the use of hand operated
first surface mirror. With the mirror in the dowosition, a 2.3legree diameter image of the

field is viewed at 14¢ower. The eyepiece and projection lens are preset for infinity focus but
can be adjusted through a small range. NOARY change in the focus position must occur
before calibrationrad operation.

To aid in pointing, a reticle is mounted at the field aperture plane of the focusing eyepiece. Two
rings which coincide with the-degree total cone diameter and OdEgree detector feedback
diameter are etched on theticle For the motstable transmitter output (no more than 1%
variation even with lamp changes), the receiver should always be sighted witlsmalier
0.17-degree ring.

2.3 LIGHT BEAM M ODULATION

A four-blade chopper mounted near the condenser lens modulates thatleeamutly 78.125 Hz.
Modulation of the beam and synchronous detection by the receiver allows the transmitter signal



to be separated from background noise. Fi@ade chopper is rotated at the exact speed of
19.53125 revolutions per second by a low \gdtastepper motor. To ensure reliable startup of
the motor, the drive pulses are slowly ramped up to the proper frequency before locking onto the
set frequency of 78.125 Hz. It takes about 12 seconds for the motor to achieve its final
frequency, at whictime the lamp will turn on.

2.4 TiMmeD CyCLE MODE

To conserve power and lamp life, both the chopper and lamp can be powered up in a timed
cycle mode. The possible cycle times (period between lamp and choppen) are 20
minutes, and 12, and4 hours. Cycle times are selected via thbu®ton interface using the

CYCL menu selection. The length of time the chopper and lamp will run (integration time) at
the start of each new cycle is selectable between 2, 16, 32 and 64 minutes. These times are
selected using the INTG menu selection. It is also possible to run thealadnphopper
continuously by setting the cycle time to CONT (continuous) in the CYCL menu selection.

When a new cycle startiie chopper motor is turned on first and theap second. The power

to the lamp is increased gradually over a period of about 3 seconds to reduce the inrush current
surge and thermal shock to the lamp filament. An inrush current surge from turning the lamp on
abruptly could exceed 15 amps. Depagdon the external battery and associated regulation, this
current surge could cause thattery voltage todrop momentarily resultingn any of the
following: loss of circuit voltage gulation causing unpredictabédfects, activation of the

low voltage comparator causing tbiecuit to shut down and possible detrimental voltage drops

to other external instruments connected to the same battery supply. The slow talso
extends lamp life by minimizing the thermal shock to the filament.

From thestart of the cycle time, itakesapproximatelyl5 seconds for both the lamp and
chopper to reach stable operating levels.

2.5 POWER SUPPLY

The input battery voltage can range from 10.6 todl&s DC. If the voltage drop$o 10.5, an

ER=1 is displayed on the DRO and the unit will shut down. Internally,itipst voltage is
converted and regulated to +6.0 aBd volts br the analog control portiord the circuit and

+5.0 volts for the digital portion. The power circuits, larapd chopper motor use the power
from the battery supply directly. In an idle state with both lamp and chopper motor off, the
control circuit typically uses 10 anand, when fully on, uses 1.7 amps with a 13.8 volt battery
power supply.

In case of battery power interruption, the DS1302 cycle and integration timer continues running
by using an otboard power backup consisting of a 1 Farad capacitor. At an ambient
temperature of around 25 degrees Celsius, this capasitioprovide enouyp power for

approximately 45 days of operation. An ER=4 error code on the DRO indicates that the timer



needs to be resas described in Section Fhis condition is usually due to theck of charge on
the capacitor. When adequate\idlt battery powers available, the capacitor is charged back to
full capacity in a few hours.

With the lamp on and the unit housed in an air tight environmental chamber in a warm climate,
the critical eletronic circuitry could possiblget hot enough to potentially causircuit failure.

To prevent this, an onboard temperature sensor monitors the operating temperature of the air
arourd the main circuit board. At 6@ the microcomputer wilkuppressnitiating a newcycle,

display an ER=band will wait until the tempeature cools. Of course, this protective feature is

not available if the unit is working in the continuous mode.
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2.6 TEMPERATURE COMPENSATION (FIRMWAREL.10AND ABOVEONLY)

Temperature always has some effect on tipuwd brightness of a light emitter. The feedback
electronics and optics are alaffectedby temperature. In order to obtain the highest possible
accuracy, means for adjusting the output as a function of operating temperature is made. A
digital temperatug sensor is mounted on the main circuit board and producestpurn voltage
proportional to temperature. The voltage is processed by the PIC microcontroller and
temperature in units of Kelvin is made available to the temperature compensation part of the
operating program.

At 298° K no compensation is used. As the temperature deviates from this value, power to the
lamp islessenedf it is warmer and the opposite if it is colder. The actual calibration is done in
the lab with the transmitter in a instédd box with heating and cooling facilities. The&CTvalues

can be sen and changed as described in Section 5.1



SecTion 3.0

LPV-4 LED TRANSMITTER
THEORY OF OPERATION

In keeping with the same design philosophy as tAé-B Transmitter, the LPM Transmitter is

an improved version having superior stability and lower operating power. The key element for
this change is the replacement of the tungsten lamp with a high pogrered (530 nm Cvénd

40 nm BW)LED. Stability and temperature drift is alsaproved with use of a hard coated
long life dichroicfilter centered at 532 nand havinga bandvidth of 10 nmwithin the feedback

loop. Note that the operating wavelength is different compared to the3LR¥nsmitter which

is 550nm with a bandwidth df0 nm. An LPV-3 receiver unit with a 532nm filter must be used
with this transmitter.

3.1 LED AND LED REGULATION

An OPTEK Technology model OVSPGBCR4 green LED is used for the lamp. Key
specifications fortis LED are listed in Table-B and Figure 4 below.

Material InGaN

Color Green, dominate wavelength 530 typical (nm)
520 Min (nm) to 535 Max (nm)

Color Bandwidth| 40 nm

Luminous Flux | 54 typical (Im) at 350 ma turrent and 25° C
38 Min (Im) to 79 Max (Im)

Maximum 350 ma Max forward DC current

Current 1000 ma Max pul sed cur
Operating -40° C to +100° C

Temperature

Maximum 1200 mw

Power

Table 31. Specifications foDVSPGBCR4 LED from Optek Technology

To maintain the LED output constant at better than 1%, an bfgiedback method is used. A

thin square of clear glass is used in the main beam to reflect approximately 9% of thedight to
silicon photodiode mounted on the side. A narrow band filter with a center wavelength of 532
nm and bandwidth of 10 nm is moudta front of the detector so that only this wavelength is
measured and regulated. $egure 32.
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Figure 3-1. Mechanical Specifications f@VSPGBCR4 LED from Optek Technology

A preamp configured as a curretatvoltage amplifier converts the ptocurrent from the
detector to a voltage which is fed to thed©OA/D converter port of the PIC microcontroller.
From there, the measured output from the LEDen it is onjs comparedo preset values for
the LOW, MED and HI settings and the outpattthe lamp drive circuit is altered accordingly.
The ratio of brightness for the three settings is 1, 2 and 4 respectively

3.2 LED DRIVER

The LED Driver is a voltage controlled device where the 13.8 main voltage is reduced to the
operating voltage for theED with an emitter-follower power transistor. The reference voltage
applied to the base of the transistor is set by charging a capaithca variable dutycycle 10

KHz signal from the PIC microcontroller. For the LOW, MED and HI LED settings a dutg cycl

of approximately40%, 50% and 0% are usedSee Table 2. This value isdisplayed in the
TEST selection as described in Sect and madeavailable in the DEBUG output.ED
current is limited by a 12.5 ohm power resistor in series with the LED DangetED.

The 78.125 Hz modulated signal is generated by switching a TMOS power switch connected to
the cathode side of the LED to ground. The control signal for this comes from thennasy

10 kHz oscillator programmedthto the PIC microcontrollerAn external imary ripple counter
dividesthis signal by 128 to arrive at the correct 78.H2%perating frequency.

A measure of the LED current is made by measuring the voltage across a 1.00 ohm resistor
which is connected between the TMOS switch araligd. This value is displayed in the TEST
selection as described in Section 6.0 and made available in the DEBUG output.

LED Brightness Settin¢g Duty Cycle % | Current ma
LOW 40 45
MED 50 100
HI 70 230

Table 32. Duty cycle and current for LED brightse
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Figure 32. LP\*4 Transmitter Function Diagram.

3.3 PROJECTION OPTICS

To increase theeffective light output from theLED to a level necessary to be measured
accurately by the receiver, a Koehler projection system has been used in the teand/se of

this method increases the output of the lamp in-dedree diameter cone by a factor of
approximately 100 without degrading the isotropy of the beam appreciably over an angular
diameter sufficiently large to negate the effect of beam spreadodwirbulence. Simply stated,



the condenser collects the light contained in a solid angle of 11 degrees as seen from the LED

and, with the projector lens, concentrates this light intaladree cone. Thedegree cone is set
by a field aperture at thiocus of the projector lens which is also mounted very close to the

condenser lens. The condenser lens images the LED emitter on the plane of the projection
lens. Proper operation requires that the LED image on the projection lens be entirely

contained within its aperture.

The beam isotropy is dependent on the uniform illumination of the field aperture near the

condenser lensSince the LED used does not have an integrated lens, the ligbtffédllows

thecosined | aw as &mitteme Mher maamf act urer 6s

LED used is shown irFigure 33.
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Figure 33. LED Polar Intensity Diagram.
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From Figure 33, it is estimated that the fadfff of light within the 11 degree solid angkeless

than 1% compared to eaxis.

To properly point the transmitter projector at the receiar,eyepiecavith reticle is inserted
into the optical path at thi®cus of the projedbn lens with the use of harmperated first
surface mirror. Wittthe mirror in the down position, a 2dggree diameter image of the field is

viewed at 14power. The eyepiece and projection lens are preset for infinity focus but can be

adjusted through a small range. NOTE: Any change in the focus position nsustbefore

calibration and operation.

To aid in pointing, aeticleis mounted at the field aperture plane of the focusing eyepiece.

Two rings which coincide with the-degree total cone diameter and GdEQree detector
feedback diameter are etchedtbe reticle For the mosstable transmitter outputhe receiver

should always be sighted within thmaller0.17-degree ring.

3.4 CONTINUOUS OPERATION

Unlike the LP\Z3 transmitter which has a tir®ycle mode, the LPM transmitteroperates
continuousy once power is applied. The LED uses such little power and shah an
extraordinarily long life compared to the tungstamp of the LPV3 transmitterthat theneed to

10
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operate at less then 100% duty cyslaegatedIn case a timeycle mode is needezh output
pin is available tdaurn the LED off with logic OTTL level signal A simple relay that shorts this
pin to ground would turn the LED offThis signal line idabeledOUT1 in Fgure 32.

3.5 TEMPERATURE COMPENSATION

Temperature always has some effen the output brightness of a light emitter. The feedback
electronics and optics are alaffectedby temperature. In order to obtain the highest possible
accuracy, means for adjusting the output as a function of operating temperature is made. A
digital temperature sensor is mounted on the main circuit board and produsetpatvoltage
proportional to temperature. The voltage is processed by the PIC microcontrolleheand
temperaturen units of Kelvin is made available to the temperature compenspéic of the
operating progranin addition, the temperature is also made an output for the DEBUG selection.

At 298° K (room temperature) no compensation is used. As the temperature deviates from this
value, power to the LED idecreasedf the temperatre is warmer and théncreasedf it is

colder. The actual calibration is done in the lab with the transmitter in a insulated box with
heating and cooling facilities. TheT values can be seen and changed in the TEST selection as
described in Section @.

3.6 DEBUG ROUTINE

For diagnostic and/or monitoring of the instrument, a serial TX line is made available that
operates at 19.2 K baufdturned ON with the TEST selection. S8ection 6.0 for more details
in selecting this optian

The data can be ptured with a laptop or similar computer with a-R& COM input and cable
from Optec. In case the computer is not equipped with 2FSCOM input, a USBo-serial
converter can be used which is also available from Optdude 33 showsthe value and fanat
for this outputFields are separated by one space character.

TEMPERATURE | VOLTAGE CURRENT | PWR BRIGHTNESS | VIEW ERROR
in units of degreeg in tenths of a | in Duty cycle 0 LOW 1 mirror up
Kelvin volt milliamps | from 1to 254 | 1 MED 0 mirror down
2 HIGH
NNN NNN NNN NNN N N N

Table 33. DEBUG Output and Format

Temperature in units of degrees Kelvin. Room temperature operation would display an
approximate reading of 298he emperature should not exceed 383(60° C).

Voltage is shown in units of tehs of a volt. Normal operating voltage of 13.8 volts would be
shown as 138. The voltage should not be under 11.0 (display 110) or over 17.0 (display 170)

11



Current through the LED when on is displayed in units of milliamps. LO, MED and HIGH
brightness settigs would normally display approximately 045, 100, and 288pectively.

PWR or duty cycle is displayed as a 8 bit value where 100% duty cycle (ON all the time) is
equal to 255. LO, MED and HIGH brightness settings would nominally display approximately
102 (40%), 125(50%), and 18@70%)respectively.

Brightness is the selected output power for the lamp with a O indicating the LOW state, 1
indicating the MED state and 2 indicating the HIGH selection.

View is the state of the mirror. 8 output would inctate the mirror is up or out of the wayr
normal operation andawould indicate the mirror is dowfor aiming purposes.

Error is a code indicating a state of failure. See Section 6.0 for a complete description of
operating error codes.

Each value iseparated by one space character and the data linenisagxd by dine feed(LF
Hex 10) A line of daa is sent every 1 secand

Sample output:
310138100125110
310138101126110

The line of data would represent a normal reading withdhewing variable values for the first
line:

Temperature: 310° K
Power Supply: 13.8 volts
LED Current: 100 ma
Duty Cycle: 125(50%)
LED Setting: 1 (Medium)
Mirror Position: 1 (mirror up)
Error Code: 0 (no errors)
Line Feed: HEX 10

12



SecTioN 4.0

LPV-3 RECEIVER - THEORY OF OPERATION

The LPV receiver uses a very sophisticated and accurate method to retrieve the transmitter signal
from amplifier, background and turbulence noise. Simply stated, the modulated signal from the
transmitter is loked onto and a small portion of the signal is sampled with the transmitter lamp
off and is subtracted from the signal when the lamp is on for each cycle. This difference is
integrated over many thousands of cycles, which reduces the combinedowises to a

value much less than the signal of interest. Having stated the method, the problem is then a
matter of mere implementation.

4.1 SIGNAL ACQUISITION

A 63mm refractor lens (clear aperture of 58 mm) with a focal length of 350mm, is used to
optically amplify the light from the transmitter and provide some smoothing of the signal noise
caused by atmospheric turbulence. For very long pathsgtieah 7km, an optional 200mm f/6
telescope is available for increasing signal strength. The t@flens and photometer head are
rigidly mounted in a heavy walled tube which maintains the precise alignment needed to keep
the transmitter image centered on the detector.

Light from the transmitter when entering the photometer head is directed eitter focusing
eyepiece or the detector by means of arfiipror. The focusing eyepiece consists of a 25 mm
focal length Ramsden eyepiece and a reticle with a precisely etched ring that determines the
detector field of view. After the transmitteglt is centered in the ring, the flip mirror is turned

to expose the detector. Directly in front of the detector is a narrow band filter with a center
wavelength of 550 nn532 nm if the LR/-4 transmitter is usedp bandwidth of 10 nm and a

peak transngsion of 60%, which is identical to the filter used in the lamp feedback system for
the transmitter. For calibration purposes, a neutral density filter with a transmission of
approximately 1% can be inserted in the photometer body just in frore déthctor.

The detector is a sensitive silicon photodiode operating in the photovoltaic mode with a very low
bias currenfless tharD.1pa)electrometer amplifier operating in a curréodvoltage amplifier
configuration as shown in Figure2l Photoarrent from the detectorl is balanced by an
equal current in the feedback resistof)(Rut flowing in the opposite direction so that the
inverting input is kept near zero potential. The output voltage is thus:

Eouwt=Re - Is

where Ris equal ta4000M (4x10% ohms.
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Figure 41. LPV-3 Receiver Function Diagram

Eout from the photometer head is dependent on detector response, filter/telescope transmission,
electrometer gain, output from the transmitter, path length and, of course,plaémos
transmission. The approximate value g@f:for a path length of 5 km and extinction of 0.02

km™ is around 25 mv 4p.
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ELECTROMETER > Eout

-

PHOTOCURRENT QUTPUT
lg = R, x H E

s
Where R, is the responsivity
and H is the irradiance on
the detector

out ~ —R¢ x l's

Figure 42. Currentto-Voltage Amplifier Configuration

The 1mm x 1mm square detector surfagemiasked with 0.75mm diameter circular aperture
which coincides to the etched ring of the reticle. Since alignment of the detector aperture and
reticle ring is extremely important, the electrometitector combination is rigidly mounted on

a X-Y adjustble bracket centered in the photometer head housing by 4 setscrews located around
the circumference of the bracket. Accurate adjustment of this bracket on an optical bench by
loosening and tightening opposing setscrews ensures that the detector abigrsrevith the

etched ring of the reticle to a centering error of less than 0.001 inch.

4.2 SIGNAL PREPROCESSING

Before digitizing and processing by the computer, the AC signal from the photometer head is
scaled by a combination of two programmabli gastrumentation amplifiers (model PGA205)
connected in series. The gain is software selectable by factors of two starting with a minimum
gain of 1. The other selectable gain values are 2, 4, 8, 16, 32 and 64. The specified typical gain
error for each apiifier is °0.010% and the maximum gain error over the operating temperature

is ©0.024%.

The signalis scaled to achieve the highest reading value without causing saturation of the A/D
converter input. Since atmospheric turbulence can cause extreme mgnilratuations of the
signal strength, this scaling is usually done during times of peak turbulence. If the AC input
peakto-peak signal exceeds the 0 to 5.000 volt range of the A/D converter, a buzzer will sound
for each instance. The rate of burzis an indication of the degree of saturation. Adjusting the
gain to a lower value would prevent this error condition from occurring.

The DC saturation level for the detector-praplifier is approximately 10 volts. This voltage can

be reached if theazkground illumination is sufficiently intense due to the Sun reflecting off
snow, water or even bright rocks. If this happens, the signal is lost (zero signal level) and an
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erroneous extinction value is computed. The intense illumination fronetleeted sun will not
harm either the detector or paenplifier unless the Sun itself is directly in the view. Try to avoid
this condition since damage to the nartoand pasélter could occur.

This background DC level is sampled before the readinuited. If the DC level exceeds 8.00
volts, the reading is paused until the DC level falls below 8.00 volts. An error code of ER=2 is
displayed and transmitted on the serial output indicating that the DC background threshold has
been exceeded. Once the Qel is below 8.00 volts, the operating program will be restarted.

A part of this signal is used to find the time when the transmitter chopper is operofidrap

closed (lampoff). A digital band passamplifier (LMF100) with a Q of 100 and center
frequency of 78.1250 Hz allows the fundamental frequency of the chopped signal to pass to the
zerocross detector. The positive half of the bandpass output-@angesults in the zero cross
detector going positive and the negative half (lasffp causeshe bandpass to go negative with

a very fast transition at the zero voltage points. See Fpdrdelow. A small amount of
voltage hysteresis built into the comparator prevents several pulses of very short duration from
being generated during the crogsof the zero point due to signal noise which is not completely
eliminated by the bandpass amplifier.

4.3 SIGNAL PROCESSING

In the absence of noise, the difference between the signal level at the top of the wave when the
lamp is on and the bottom ofthe wave when the lamp is off would give an accurate
measurement of the transmitter irradiance. Since noise due to the atmosphere and receiver
electronics is always present and usually several orders of magnitude greater than the signal, the
average dierence must be calculated over many thousands of cycles.

In order to extract the signal from the background noise, the receiver must be able to determine
precisely the phase of the incomingral. This is done by lockingnto the fundamental
choppirg frequency of 78.1250 Hz by use of a digitaind pasdilter with a high Q of 100
followed by a zero cross detector circuit. There is still considerable amount of phase jitter after
this stage which is smoothed out by using a phase lock loop circuifinBhequare wave output

of the phase locked loop with exact 50% duty cycle is now precisely in phase with the chopped
signal. This signal is then used by the computer to determine the time to sample the signal.
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Figure 43. Receiver Signal Procesg Waveforms

Usually, an integration time much longer than 60 seconds is needed to smooth out the effects of
turbulence. The computer will use theses@@ond intervals to compute longer integration
times. For example: If a B@inute integration time as selected, then ten-8&cond measuring
intervals wouldbe used to compute an average value for the readingFi§eee 4-4. In
addition, the standard deviation of the raw instrument counts for the-n#mute integrations is
computed and, if seleate sent to the analog channel A2. The practical significance of the
standard deviation output is for a check on the quality of data. A large value would indicate
unstable seeing conditions such as those produced by rain squalls and smoke. Alsmall v
would mean "good data".
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A ten minute reading is the average of 10 one minute readings

g N N N

{ LAMP ON lxlIlexalx4|xslxs|X?[Xelxgixlo' LAMPOFF]

67815 10—bit samples are taken with the lamp on
67815 10-bit samples are taken with the lamp off
The count is equal to the difference of lamp—on minus lamp—off

Figure 44. Example of a Teklinute Integration

4.4 COMPUTER PROCESSING

The computer can process and output the data as count, extinction and visual range. The count is
the raw instrument values as internally derivexnrfithe A/D conversions and has no units. The
count divided by the lamp calibration number is the transmittance of the air path. All three values
are sent to the serial output data line and any one of them can be sent to the analog output
channel, Al. Iraddition, the raw instrument value for each 1 minute integration or population
standard deviation based on readings that are comprised of two or margnoite integrations

are available on a separate analog output channel, A2. The outputs of AR dradeda full

scale range of 10 or 5 volts which are selectable by jumpers on the main circuit board. The
outputs have 1Bit resolution and are protected from shorts or incoming static voltages.

The maxinum value of coun(C) is limited by the single paision integer math of the computer
and is 65535 in decimal. In keeping with the conventions used in the oldeR kB&éiver, the
count number is formatted before it is sent to the serial outpuf Bis N3 N4 . N5 . Thus, an
internal count value of 1000 is transmitted to the serial output as 1000.0. In similar fashion,
the count is formatted before displayed on the front panel of the receiveMgsNY N4 . This
value is rounded up one if the; Nigit is equal to 5 or greater. Thus, an internalntosalue of
10,000 is displayed as 10@8d sent to the serial output as 1000.0

With the jumper on the O to 10 volt setting on the main board for analog output Al, each integer
count value is equal to 0.1mv output. Thus, an internal count of 10,08@dsas 1.000 volts on

the Al output. The Al output has a 10X multiplier that can be turned on using eithdsttiert
interface or the PC control program. This would increase the 1.000 volt output given in the
previous example to 10.000 volts. Usithis setting would make the Al output operate in
similar fashion to the LPA2. Since the analog output is controlled by abit2D/A converter,
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only 4095 voltage levels are possible. Each ADU of the converter is equal to 2.44mv if the O to
10 volt jumperis set and equal to 1.22mv if the 0 to 5 volt jumper is set. In the conversion from
count to ADU to set the D/A converter, the value of ADU is rounded up or down to more
accurately represent the true value of count.

The calculated range of éxcttion B in units ofinverse kilometerskfn™) is 0.0000 to 6.5535.

The numbers are formatted this way and transmitted on the serial output. For the front panel
display, the value of extinction is roundedth® nearest 0.00dm™ andB is displayedto only

three aécimal places

With the jumper on the 0 to 10 volt setting on the main board for analog output Al, an extinction
value of 1.0000 kmis equal to 1.000 volts. An extinction value of 0.0100'%n{Rayleigh) is

equal to 0.0100 volts which may be difficaiti measure accurately considering the 2.44 mv
ADU step resolution and limitation in the users analog data logger. It may be necessary to use
the 10X multiplier feature to raise this level to 0.100 volts.

The calculated limitor visual range YT) in units of km is 0.6 to 391.2 assuming that the visual
range constant is set to the default value of 3.912. The numbers are formatted this way and
transmitted on the serial output. This formatting is also used on the front panel display.

With the jumper onhe 0 to 10 volt setting on the main board for analog output Al, a visual
range value of 391.2 km is equal to 3.912 volts. This assumes that the multiplier for the Al
output is set for 1X which is the default value.

Like the LPV-3 transmittercircuit, thereceiver computer has available a cycle and integration
timer with time set by its own real time clock with battery backup. Both the transmitter and
receiver timers are reset simultaneously, so that when the lamp turns on at the transmitter the
computerstarts a reading, with the selected integration time. The possible cycle times are the
same as théPV-3 transmitter's, which are 20 minutes, 1, 2 and 4 hoamsl continuous.
Similar to but not equal to the transmitter, the receiver integration tareset shorter to
prevent differential drifting of the separate crystal clocks from sliding the receiver integration
time out of the transmitter integration time window. The receiver integration times are
selectable from 1 to 60 minutes in integer stepl minute

The LP\A4 transmitter operates in a continuous mode and does not require the transmitter and
receivercomputerto be synchronized or reset simultaneowsydescribed aboveThe eceiver

cycle time can be set for 20 minutes, 1, 2, 4 haurspntinuous. Receiver integration times of 1

to 60 minutes can be selected with any of the timed cycle modes.
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4.5 Calculations for Extinction, Visual Range and Std. Deviation

The receiver computer is able to edfte directly the einction (B) and visual range\r)
values. In order to do so, certain constants needed for the calculation can to be entered using
either the PC control program or thebdtton interface menu. These constants include: the

working path lengt{\Wp) in meers, the lamp calibration numb@cAL) calculated during the
calibration procedure and the visual range cong¥ara).

Calculation for extinctionB:

Wr
p_ “Moar
Wp
where
Wr = internal raw instrumertountvalug working reading
CAL = lamp calibration number
Wp = workingpath length from receiver to transmitfereters)

Calculation for visuatange Vr:

Vire
Vi = —
B
where
Vrc = visual range constar{equal to 3.912 for 2% contrast

or 3.000 for 5%contras}

Calculation for standard deviatidﬁ,:

_ [S(C=Cagp
7 \/ N

where
the count for each-fninute integration
avg the average of all count valuesthe data set,
the number of Aminute integrations making up the total reading.

Z00
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4.6 Serial Output Data

Theserialinterface consistef RX, TX and ground using a standargi@t subD male connector

on the rear panel of the receiver computer. Serial interface protocol is 9600 baud, 8 data bits, no
parity and 1 stop bit. A serial data logger can be used toreagaia or the free PC control

programavailablefrom Optec caroe used for simple data logging

The serial output consists of the following information on one line ended by a carriage return and

line feed:
C B VR N SD DATE TIME
NNNN.N_ _N.NNNN_ | _NNN.N_ _NN_ _NNN.N_ _YYMMDD_ | _HHMM_CRILF

C=NNNN.N B=N.NNNN VR=NNN.N N=NN SD=NNN.N DATE= YYMMDD TIME=HHMM

where,

@]

VR

SD
DATE
TIME

the mean of the raw counts and has no units
the extinction in units of kfh

the visual range in units of km
thenumber of 1 min. integrations

the standard deviation of raw counts C.
the year, month and day

the hour and minute.
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SecTioN 5.0

LPV-3TUNGSTEN LAMP TRANSMITTER
OPERATING PROCEDURES

Connect the input power cable to the inpanireector. If a cable is customer made, pin 2 is for
the positive 1/0lt terminal and pin 3 of the connector is for the negative (return) 12 volt
terminal. Use 18 or 16 AWG stranded wire for making the input power cable to minimize
power losses.

Reversing the voltage polarity to the input will result in damage to the unit. Exceeding 17
volts input voltage magiso result in damage to the unit.

The flip mirror control is located on the left side of the projector unit. Turn this ¢ontro
clockwise until the stop is reached for siting the instrument on the receiver unit. While viewing
through the focusing eyepiece, center the receiver telescope (or shelter if sufficiently far away) in

the center of the circle. The center circle repnésthe area of the projected cone of light that is

used in the lamp feedback control. The outer circle is the outside limit ofdigrde cone of

' ight, which is projected. While in the view
and epeat. With the lamp on and the unit in operation, a chirping sound is played when the unit

is in the viewing mode. Both of thesenesare audio reminders to return the flip mirror to the

open position when viewing is finished.

The telescope is prefosed at the factory and further adjustment should be unnecessary. |If the
view through the projector is oof focus, loosen the front objective lens mount (slotted screw
near the front of theelescope) and reposition the objective lens mdantbest bcus.
IMPORTANT: This adjustment mugdie made before calibration. The unit whlhve to be
recalibrated if theobjective lens is repositionedln any case, do naeposition the focusing
eyepiece as this will cause a logkalignment of the reticle tthe light cone.

5.1 The 2Button Interface

The transmitter is programmed with the use of two momentary pushbuttons labeled MODE and
SELECT with the settings and prompts viewable onchdracter display. See FigurelSor a
view of these controls.

When the unit is in a cycle mode and running with the lamp not on, the settings menu can be
brought up by holding down the MODE key until a prompt is receivéthe unit is in running
continuously or anytime when the lamp is on, it can be interruptdwlding both the SELECT

and MODE key down together until the readpmpt is displayed.See Figure £ for a flow
diagram of the configuratiomenu.
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Figure 51. View ofLPV -3 Transmitter Control Unit

PIEZO SPEAKER LAMP LOCKING SCREW

INTG

This selection allows for changing tmegration time which is the time that the lamp is on.
Possible selections are: 2, 16, 32 and 64 minutes. These integration timestical to the
integration timeswvailable with the LP2 transmitter.

CYCL

The available cycle times are: 20 mirgjté hour, 2 hours, 4 hours and CONTinuous. This is the
time the unit is waiting until the beginning of a new integratibmthe case of CONT, the unit

will always be running with the lamp and chopper powered as long as suitable power is
available. Most error checking is disabled in the CONT mode except when the lamp burns out or
the chopper motor fails. An error code of ER=5 will be displayed in such a circumstance.

TEST
Pressing the SELECT button with TEST displayed will turn on the chopper araddamp for

testing purposes. The unit will remain running until the MODE or SELECT button is pressed
again. The integration times and cycle times are not interfered with.
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LAMP

This selection allevs for a choice of lamp power. The possible selections are LOW, MED and
HI. For most situations, the MED selectiomeésommendevhich relates to an effective
operating voltage of 6.0 going to the lamp.

TIME

If the DS1302 real time clock chip everneuthe 1 Faad capacitor down, it will kethe

initialization settings. This selection only needs to be done if an error code of ER=4 is observed
on the display. The unit should be left plugged into a power source for a couple of hours to
recharge the gacitor. Use the RST menu selection to start the clottlegiroper time

RST

With this displayed, pressing the SELECT button twice will start the cycle clock and an
integration at this point in time. Normally, the RST is selected to start the instrcumeing
approximately one minute before the receiver will begin an integration.

TEMP (firmware 1.10 and above

Selecting this option displays the internal temperature in Centigrade

TC (firmware 1.10 and above

The temperature coefficients fdret LO, MED and HI lamp brightness settings are available to

be seen and changed with this option. When selected, the values for LO, MED and HI are
displayed in order every 4 seconds. If changes are needed, enter new values by using the
SELECT and MODE keydo incrementup or down the values. After 4 seconds, the next
brightness level is available for change or view. After the HI setting is viewed and a period of 4
seconds is passed, an option to save the new values is offered. If a zero value is erE&=6@, an
error code is displayed for a few seconds but operation of the3\Wi\f continue normally

5.2 Troubleshooting and Error Codes

ER=1 Supply voltage is less than 10.6 volts

ER=2 Maximum safe power to the lamp has been exceeded
ER=3 No zero cross signal detected. Chopper failure.
ER=4 Real Time Chip has lost power and needs to be initiali
ER=5 Temperaturef circuit board has exceeded 8D

ER =6 Displayed if the TC coefficient are zeffrmware 1.10+)

Table 51 . Sumrary of LPV-3 TransmittetError Codes
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ER=1
This usually indicates that the supply voltage from a battery is failing and the battery needs to be
recharged.

ER=2

Error 2 indicates the lamp needs replacing. Even if not yet burned out, as the lamp algss the g
envelope usually darkens and the filament looses material. With less efficiency and to keep the
output constant, more power must be delivered to the lamp. With the error code, the maximum
safe power has been exceeded and the lamp needs to be replaced.

ER=3

If the chopper motor fails, no signal will be detected by the photodarlington. Without this signal,
the unit cannot operate properly and will display this error code. Check the chopper for proper
operation.

ER=4

If the unit has been sitting for arlg period of time without power, the real time clock chip will
run down the 1 Farad capacitor. With the porestored andirned on, use thef2utton

interface to invoke the TIME command. This will reinitialize the timer chip. Leave the unit on
for a coyle of hours to fulf charge the capacitor. A fully charged capacitor should operate the
timer in excess of 45 days. A RST command will also have to be done to synchronize the
transmitter with the receiver.

ER=5

In case the internal tgperature of the unexceeds 60C, the unit will not turn the lamp or

chopper motor on. This feature is disabled if the unit is powered in continuous mode. Excessive
heat may cause damage to the optical and electronic components. This feature insures that the 14
watts of tle lamp and 4 watt of the stepper more do not add to the heat budget.

ER=6

If the internal temperature coefficients are set for zero, this error is displayed for a few seconds
after power up. Operation of the unit is not effected. This just indicatetethpérature

coefficients have not been entered. This would be the result if a new PIC has been installed with
a firmware revision upgrade.
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SecTion 6.0

LPV-4 LED LAMP TRANSMITTER
OPERATING PROCEDURES

Connect the input power cable to the uhgomector. If a cable imadeby the cusotmermpin

2 is for the positive 1:2olt terminal and pin 3 of the connector is for the negative (return) 12
volt terminal. Use 18 or 16 AWG stranded wire for making the input power cable to minimize
power lossesRefer to Appendix D for more detailed wiring instructions. The transmitter turns
on immediately after power &ippliedand stabilizes after about 2 seconds.

Reversing the voltage polarity to the input will NOT result in damage tonihasiin the
caseof the LP\A3 transmitter Exceeding 1¥olts input voltage may result in damage to the
unit if applied for a long time.

The flip mirror control is located on the left side of the projector unit. Turn this control
clockwise unit the stop is reached faitting the instrument on the receiver unit. While viewing

through the focusing eyepiece, center the receiver telescope (or shelter if sufficiently far away) in

the center of the circle. The center circle represents theftlea projected cone dight that

is used in the LEDfeedback control. The outer circle is the outside limit of tkedree cone

of light, which is projected. While in the viewing mode, a fewsicalbo ar s o f AOn a
Dayo wil |l p Mhasys araaudio remengeet@areturn the flip mirror to the open position

when viewing is finished.

The telescope is prefocused at the factory and further adjustment should be unnecessary. If the
view through the projector is out of focus, loosenftbat objective lens mount (slotted screw

near the frontof the telescope) and reposition the objective lens mount for best focus.
IMPORTANT: This adjustment must be made befiarap calibration. The unit will have to be
recalibrated if the objectiveeths is repositionedIn any case, do naeposition the focusing
eyepiece as this will cause a lagsalignment of theeticleto the light cone.

6.1 The 2Button Interface

The transmitter is programmed with thse of two momentary pushbutt&ays labeled MODE
and SELECT with the settings and prompts viewable onchadacter display. The LP\t4

transmitter pustibutton interface is identical to the LP3/transmitter pushutton interface
shown in Figure 4.

The unit begins to operate at theested operating variables as soon as power is supplied. To
enter the configuration menu, press and hold the MODE button. If there are any errors displayed
prior, these are reset and an ER=0 is shown for about 600 ms. After that, STOP is displayed and
the wser has the option to continue running the operating program normally by pressing the
MODE key or to enter the configuration menu by pressigSELECT key. See Figurel6
belowfor a flow diagram of the configuration meoptions
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Figure 6-2. LPV-4 ConfigurationMenu Flow Diagram
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LAMP

This seledbn allows for a choice of LEPower. The possible selections are LOW, MED and
HI. For most situations, the ME&election isecommendedThe ratio of light output for each
setting is approximately 1 : 20: Calibration as described $ection 8.0 would have to be
performed for the power setting selected.

TEST

This is an entry point to the more advanced setting and optestsibed in section 6.2 below
Use the SELECT key to enter the advanced options

RUN

Pressing the MODE key will return the user back to the LAMP option. Pressing the SELECT
key will exit the configuration menu and start the operating program.

6.2 TEST (Advanced Options)

TEMP

Pressing the SELECT key will display internal temgpere in degrees C.The temperature
should be under 60° C for safe operation.

VOLT

Pressing the SELECT key will display the power supply voltage. 13.8 volts is the nominal
voltage The voltage should not be under 11.0 or over 17.0.

AMPS

Pressing th&&ELECT key will display the peak curreint units of milliampsthrough the LED.
For LED Brightness LO, MED and HI the giay values are approximately 45, 100 and 230
respectively. A value 130% higher then these values would indicate a problem,

PWR

Presing the SELECT key will display the duty cyatepercent for the power going to the LED.
For LED brightness LO, MED and HI the display vawe approximately 40, 50 and%. Any
value near 100% would indicate that there is little room for brightngssaten.

TC

Pressing the SELECT key will allow for observing and/or changing the temperature coefficients.
These values have been entered at Optec and should not be changed unless advised by
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technicians at Optec such as the case of a firmware upgrade.te SELECT key is pressed

the three coefficients for the LO, MED and HI brightness settings are displayed with a pause of
approximatelyt seconddetween themlf no entry is done during this time then SAVE would be
displayedafter HI is shownand theuser can press either SELECT or MODE to return to the
menuand keep the current valudk the values are changed by pressingSE€ECT or MODE

key within the 4second window, then the new values can be saved or discarded when the SAVE
word is displayed.

Eachintegervalue represents 0.01% of temperature compensation. Nominal values for the LPV
4 are approximately 4 to 6.

DEBUG
Pressing the SELECT key will toggle the DEBUG option on or off. When on, operating

parametersre sent on a serial line foaté capture or observation with a terminal program. See
Section 3.6 for details.

6.3 Troubleshooting and Error Codes

ER=0 Transmitter is working normally

ER=1 Power Supply under 11.0 volts

ER=2 LED output weak

ER=3 LED current exceed 408a but less than 450 ma maximu
ER=4 Internal temperature over 60° C

ER=5 No LED current, open circuit

ER=6 Duty cycle is 100%, FATAL ERROR

ER=7 LED current exceeds 450ma, FATAL ERROR

Table 61 . Summary dfPV-4 TransmitterError Codes

ER=0
Indicates that the transmitter is working within normal limits.

ER=1

If the powersupplybattery voltage drops below 11.0, this error code would be displayed.
Normal operating voltage is 13.8 +1.0. The lamp would turn off and stay off until thl/sup
voltage is raised to at least 11.5 volts. At this voltage the unit will run normally.

ER=2

If the duty cycle exceeds 97% (DEBUG output of +245 ), this would indicate that the LED
cannot output the required light or there is a failure in the feedb@ckanics or optics.

Normally, if there is a failure an ER=7 error would be generated and the unit would shut down.

30



ER=3

In the HI LED brightness, the LEBurrent would normally be less tha@0ma. If this LED
current exceeds 400ma, then this erratecavould be generated. A structural failure of the LED
would be suspect.

ER=4
When the internal temperature exceeds 60° C, the transmitter will shut the LED off and display
the error. Once the temperature drops below 57° C, the lamp will turn on amoknually.

ER=5

If there is no current through the LED, this error code would be displayed. Besides the obvious
LED failure a check of the cable from the LED to the circuit should be checked. This is a fatal
error and the unit will power down the LED elextics.Contact Optec for repair of transmitter.

ER=6

If the duty cycle reaches 100% (DEBUG output of 254), this would indicate that there is no
ability to regulate the LED output and the unit would shut down. This is a fatal ontact
Optec for repir of transmitter.

ER=7

As with the case of ER=3, the normal operating current is 200 ma or less. If the LED current
exceeds 450ma the LED structure would be damaged. This is a fatamdlrthe unit would

shut down Contact Optec for repair of trangter.
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SecTion 7.0

RECEIVER - OPERATING PROCEDURES

Insert the photometer head into the rear port of the telescope and secure by tightening the
knurled plastic knob. Flip the mirror of the photometer head to the viewing position (fully
clockwise unit it stops)and then focus the telescap@ecessary Make sure the pan head screw

near the frontof the telescopes loose before attempting to focby slightly adjusting the
objective lens forward or backward/fter proper focusing, secure the pasad screw but do not

over tighten it. Unlike the transmitter projector telescope, refocusing the receiver telescope after
calibration does not affect the calibration constant.

While viewing through the focusing eyepiece of the photometer head, mankeuvetetscope

until the image of the transmitter is centered in the small ring of the reticle. If the transmitter's
image drifts by more than 1/2 radius of the small ring from the center, errors in extinction could
occur during periods of high turbulenbecause of light falling off the edge of the detector.
Return the flip mirror to the measuring position by turning the knob counter clockwise until it
stops.

Plug the cable from the photometer head into the port labeled "PHOTOMETER" on the rear
panel of the computer enclosure. Connect the 13.8V power to the port labeled "13.8V DC" using
the cable provided. If the cable is customer made, pin 2 is for the positiveali3t8rminal

and pin 3 of the connector is for the negative (return)-¢8l8terminal. Use 18 or 16 AWG
stranded wire for making the input power cable.

Reversing the voltage polarity to the input will result in tripping the internal resetable fuse which
is located on the inside circuit board. If activated by the reversed mmmeection or the
unlikely event of an internal short, the device will go into a high impedance state and stay there
until the fault condition is corrected.

The data acquisition and reduction computer issalfting and requires no user input except for

the proper settings and input of the operating constants. To reset the computer, the power must
be shut off for about 1 second.
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7.1 Front Panel Display

Figure 7-1. ReceiveFront Panel Vacuum Fluorescent Display

C=0293

Raw instrument readgnormally referred to as count. If severaminute integrations were
specified, this number would be the average of all the values. This number is the same as the
serial output value rounded to the nearest unit value. Range of values are 0000 to 6553.

s=00

This is the standard deviation of the count values. If readings consisting of onlynoineté
integration are specified, this value defaults to 00. This number is the same as the serial output
value rounded to the nearest unit value. Range of vahee30 to 25.

B=0.338

The value of extinctiof3 in units ofinverse kilometerskfn™) is shown here. This number is the
same as the serial output value rounded to the nearettaumsandth. Range of values are 0.000
to 6.553.

STOP

Pressing the buttoander this word will stop the data acquisition program and start the menu
configuration program. Follow the displayed dialogs to enter changes in constants or other
operating parameters.
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[l 01

During integration, the time bar will slowly lengthen urthie minute integration is complete.

The number on the right shows which integration is in process and will reset to 1 once the total
reading is complete. Range of values for the integration counter is 01 to 60.

VR=011.5

This is the visual rang¥T in units of km. The number displayed is the same number sent to the
serial output. Range of values possible are 000.0 to 999.9. A legitimate range of values would be
000.6 to 391.2 if the readings and constants were correct.

7.2 4-Button Interface

The user ha the ability to change all of the constants and most of the operating parameters
except setting the clock with thebtitton interface. The top line usually displays the value to be
modified and the second line displays the functions of the button directlgrneath the
command word. To return to the data acquisition program after modifications are complete, press
the button under the RUN word. The user will then have the option to start the data acquisition
program with out resetting the cycle timer bygsing the button under YES or initialize the
cycle timer by pressing the button under RESET.

GAIN

Gain is adjustable from 1 to 64 lyultiples d 2. Adjust GAIN to the highest value without
saturating the A/D converter. When the A/D converter sampéggnal outside its input voltage
limits, a beep will sound. The rate of beeping is an indicatioth@flevel ofsaturation of the

A/D converter Decrease the GAIN until the beeping stops. This adjustment should be made with
the transmitter during a timd bigh turbulence and low extinction.

The value displayed in the upper right corner of the front panel display during the GAIN
adjustment is the DC background value in ADU units. The range of values is 0 to 1023 and can
be considered close to the voltageunits of millivolts. Thus, a value of 800 would be close to

the threshold value of 8.00 volts, which would be close to the saturation point for the
electrometer amplifier. If the DC value is too high, then steps need to be taken to reduce the
backgroun brightness or some data will be lost.

CAL

The lamp calibration number is entered here for when a new lamp is installed. To rapidly change
the current value to the new value, press the button under the 20X and then press the button
under the + of symbd. The lamp calibration value will then increment in units of 20.
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THIS DISPLAYS FOR 4 ENTER PATH LENGTH
SECONDS HOLD X100 KEY TO MULTIPLY]

POWER ON CHANGE PATH LENGTH? ENTER PATH IN KM PATH = 05000 KM
START DATA ACQUISITION SYTEH RUNNING TN LOUR DONE NEXT YES 0100 TO 20000 KM DONE +1 -1 X100
WITH DR WITHOUT RESETING
CYCLE TIMER OPTEC LPV-3 v1.00 J | l

STOP
START MAIN PROGRAM?
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START OF SETTINGS MENU

THIS DISPLAYS FOR 4 SELECT CYCLE TIME
SECONDS
RUSELEEITN ’C“:‘LC”\D/”;RS CHANGE CYCLE TIME? P ENTER CYCLE TIME CYCLE = CONTINUOUS
DONE NEXT YES 20m, th, 2h, 4h, C DONE +

] L T ] — L]
|

I l THIS DISPLAYS FOR 4 SELECT Al OUTPUT
SECONDS
COISPLAYED UNTIL BUTTON RELEASED) (DISPLAYED UNTLL SUTTON RELEASED) T e ——
ENTER PREAMP GAIN ENTER CURRENT LAMP DONE NEXT YES C, Bscat, VR DONE C B WR
CALIBRATION NUMBER

— LIl

SELECT THE MULTIPLIER

ENTER GAIN VALUE AND ENTER CALIBRATION NUMBER Al MULTIPLIER = IX
DISPLAY DC BACKGROUND HOLD X20 KEY TO MULTIPLY DONE  1X 10X
GAIN = 0f DC = 0100 CALIB = 1000 | | i

DONE  + = DONE +1 -1 X20

) THIS DISPLAYS FOR 4 SELECT A2 OUTPUT
SECONDS

INCREASE GAIN DECREASE GAIN INCREASE CALIB DECREASE CALIB CHANGE A2 DUTPUTS? ENTER ANALDG 2 OUT A2 OUT = Std. Dewv
FACIIE: 1" & FACTOROE ' BY'1.Or20 L ORceD DONE NEXT YES DEFAULT = Std. Dev. DONE SD  CR

THIS DISPLAYS FOR 4 SELECT PATH SCALE
SECONDS

CHANGE PATH SCALE? ENTER PATH SCALE PATH SCALE = LONG
DONE NEXT YES LONG>3km  SHORTK3km DONE LONG SHORT

LT — L
.

ENTER LOCAL CURRENT HOUR

CHANGE TIME ZONE? CURRENT HOUR = 12
DONE NEXT YES DONE  +1 1

LT 7 —| | ]

Figure 7-2. Receiver Menu Flow Diagram

VARS
Pressing the button under VARS brings up a largemsebu for changing more of the constants
and operating paramas not commonly accessed. Therusan move forward in this circular

menu by pressing NEXTor exit the menu by pressing DON& change the selected parameter
by pressing YES.

CHANGE PATH LENGTH

Change working path length as measured from front of vecéglescope to front of transmitter
telescope in units of meters. Round off measured distance to the nearest meter. This distance is
important and should be measured with a laser range finder for greatest accuracy. To move quickly
to the desired path, gss the button under the 100X while pressing the button under thé + or
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button. This will change the current path by units of 100 meters. Press the button under DONE to
return to VARS menu.

CHANGE INTEGRATION

Enter the desired integration time in urofsminutes. Press the button under the ¥ symbols to
increment the integration counter up or down. Permitted values are from 1 Ryé& the button
under DONE to return to the VARS menu.

CHANGE CYCLE TIME

The valid cycle times are 20 minutes, duh 2 hour, 4 hours and continuous running. Press the
button under the + dr symbols to change to the desired cycle time. This cycle time should match
the selected cycle time for the transmitter. When exiting the menu program, the user will have the
choice to RESET the cycle timer. Pressing this key will start cycle timer and a reading will begin
immediately. Normally, the RESET button is pressed a couple of minutes after the transmitter
lamp has turned on in order for both the transmitter and lock inddrtipe receiver to stabilize
before a reading is starte®ress the button under DONE to return to the VARS menu.

CHANGE A1 OUTPUTS
For users wishing to use the analog outputs for data collection, select the desired output for Al

usingthis option. The Count (C), ExtinctiolB or Visual Rangé/r can be selected by pressing

the button under the desired output. Once the output is selected, the user has the option to multiply
the analog voltage by a factor of 10. This would be necessary if Bscat wetedelrd expected

the extinction values would be near Rayleigh. See Sectirfad conversion from voltage to
selected output value.

CHANGE A2 OUTPUTS

Either the standard deviation (SD) of the count values or the count (CR) for enittutd
integration can be selected for analog output to A2. Press the button under the desired output
value. The CR output is normally for a chart recorder, which is considered largely obsolete, but it
still provided for backward compatible with the LP/receiver model. feéss the button under
DONE to return to the VARS menu.

CHANGE PATH SCALE

This allows for an internal change in the computation of the count value and is not a change in the
gain setting. For working path lengths longer than 3 km, press the button hedgdNG word.

For working path lengths shorter than 3 km, press the button under the SHORT word. The count
value is divided by a factor of 4 when the SHORT path scale is selected. Press the button under
DONE to return to the VARS menu.

CHANGE TIME ZONE

Normally, the receiver clock is set by the PC control program to whatever local time the PC is set
to. This may not correspond to the correct time at the instruloeation and the field installer

may not have a computer to correct the time. This optiowsalthe user to change the hour value

to match the local time. Press the button under the %1 @ymbols to change the recaitigne

hour up or down. Press the button under DONE to return to the VARS menu.

At this point, the VARS menu returns to CHANGEATH LENGTH if the NEXT key is
pressed.
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SecTion 8.0

CALIBRATION PROCEDURES

Calibration determines the raw reading of the transmitter that would be measured by the receiver
if the optical sight path between the two units allowed 100% transmissioacuaim like
condition. The LPV transmissometer must be calibrated as a unit. Each lamp will have its
own calibration number for use with a specific transmissometer system. No component of the
system, including lamps, may be interchanged with anotf@rsmissometer without +e
calibration. The LPV transmissometer may be calibrated usitiger of the two methods
outlined below.The use of eithemethoddependsupon the site transmissiomhe user can
computethe CAL calibration constantising the egations below oby using theutility program

LPV-3 Calibration ~Calculator avdlable for download from the Optec website:
www.optecinc.com /visibility/downloads.htm

8.1 ND FILTER METHOD

The Model LPV transmissometer is calibrated by a technique that negates the effect of the
atmosphere. The calibration ND (neutral density) method is performed by moving the
transmitter and receiver to a site which allows for a calibration path length bedn2feand

0.50 km. This method assumes that the atmosphere is very clean with average extinctions of
0.01 to 0.06 knt and the air in the site path is well mixed. The transmission of the atmosphere
at these distances is very close to 100% and cambeejfor the calculation of thealtration
constant. See Tablel8 A neutral densityND) filter with transmission of approximately 186

2% s inserted into the photometer head of the receiver telescope. The exact transmission of this
filter is measired at Optec and is indicated on the filter. The purpose of this filter is to attenuate
the light amplitude by a knanamount to kep the detector electrometesrh saturating at these

close distances.

The raw instruments readings (Count) taken froemftbnt panel display at this distance is then
scaled to the working path length taking into account changes in receiver gain, shelter window
transmissions and the ND filter transmission. The result is the calibration nuGkr which

is entered into # receiver computer menu program by selecting @A&Ldescribed in Section

5.2

The calibration distance must be chosen as carefully as the working path length. Similar to the
working path length, a site high off the ground to avoid thermal effects, &aaly smoke
stacks, dirt roads or other sources of airborne particles and accessible by vehicle is definitely
preferred. In picking the original working path site, the calibration path should be kept in mind.
It is occasionally possible to selectigesfor the receiver that allows a clear view of a desirable
calibration path as well. Moving the transmitter to a closer position is far easier and safer than
moving the receiver unit.
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Once the calibration site has been selected, the path lengtlbenostasured to an accuracy of
0.1%. This is usually only possible with a laser range finder which can determine distance to
about 1 centimeter or better. A measuring tape is usable only on paths over a flat ground surface.
It is possible to avoid thehérmal effects of being so near the ground by doing the calibration an
hour or two after sunrise or before sunset or on cloudy days. If the calibration path must be
near the ground, a site off the road and over grass is prefelfredither a laserange finder or

tape measure can be usedrteasure the path accuratelyisitsuggested that a land surveyor be
employed to measure the distances.

A 0.3 km calibration path length is recommended, however any path length from 0.25 to 0.50 km
will work nearly as well. At 0.3 km the effect of atmospheric extinction is negligible usually
being less than 0.05 kin(1.5% or less transmission drop) at most Western sites in the United
States. In addition, this path length will give a high signal atvegiain setting with the supplied
calibration ND filter.

Path Length Extinction km'

(km)

.01 .02 .03 .04 0.5 .06 .10
0.10 999 .998 997 .996 .995 .994 .990
0.20 .998 .996 .994 992 .990 .988 .980
0.30 997 .994 991 .988 .985 .982 970
0.40 .996 .992 .988 .984 .980 976 961
0.50 995 .990 .985 .980 975 .970 951
0.60 994 .988 .982 976 .970 .965 942

" ideal calibration path length for instruments used at Western sites.

Table 81. Atmospheric Transmittances for Various CalibvatPath Lengths and Extinction Values.

In order to prevent the transmitter from saturating the photometer electronics at the short
calibration distance, a precision ND filter is placed in the photometer head of receiver telescope.
This filter preciselyreduces the incoming light from the transmitter by a factor of approximately
100 (exact transmission is indicated on the filter and is within the range of 1 to 2%. Set the
GAIN value of the receiver until a reading around 700 for count is obtained.

Placing the LPV-3 transmitter in the TEST mode will run the transmitter continuously until
switched off. The internal clock with backup will not be affected by the TEST mode but should
cycle the unit properly after calibration without resetting the clocknceSthe low battery
circuitry will be disabled, it is up to the user to make sure that an adequate supply voltage is
available during the calibration proceduteor the LP\/4 Transmitter, just attach power and the

unit will run continuously.

At least 10consecutive Aninute integrations should be recorded. Typically, the scatter of the
readings should not exceed £3 from the average value, which as mentioned previously should be
around 700 for a 0.3 km path. Reading sequences which show scatter traat8r are
indicative of ground thermal problems or gross changes of transparency due to rain, snow or
windblown dust and a successful calibration is in doubt.
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After computing the mean value, the following formula is used to calculate the calibration
number:

Cp

car =<y Yo 1y Log,
Wp Cg Ft T
where,
Cp calibration path length, 0.1000 to 0.500@
Wb working path length, 0.100 to 20.00 km
Cq calibration gain, 1, 2, 4, 8, 16, 3264
Wy working gain,1, 2, 4, 8, 16, 32 or 64
Ft calibration filter transmissiowith typical value around 0.01
W total shelter(s) window transmittance.

If windows are used on both ends, multiply
their transmittances together. Typical
value for two windows is 0.902

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

Cr average of 10 readings at the calibration path

In Appendix A, a sample calibration report form is shown. This report form may be copied
and used as is or modifiedor the user's specific needs. Considering the complexity of the
calibration, a programmed approach to calibration with trained technicians is recommended.

8.2 DIFFERENTIAL PATH METHOD

For sites where the extinctidd exceeds 0.10 ki) the calibratin technique and calculation

must take into account the atmospheric transmission over the short calibration path length. This
is done by using a differential method, which in effect measures the atmospheric extinction
between the calibration point and th&se point. The base point or base length does not have to
be the operational working path length but the process is easier if it is. Assuming that
conditions are homogeaes throughout the site duringplibration, a calibration number is
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calculaed and entered into the LF3/Receiver computer as described in Section 712sually

all eastern United States installations must use this method of calibration. Since these sites
have path lengths of less than 3 km, the receiver PATH SCAleing of SHORT is
normally used.

The calibration site/length must be chosen as carefully as the working path length. Similar to
the working path length, a site high off the ground to avoid thermal effects, away from smoke
stacks, dirt rads or other sources of airborne particles and accessible by vehicle is definitely
preferred. In picking the original working path site, the calibration path should be kept in
mind. It is occasionally possible to select a site for the recthaemallows a clear view of a
desirable calibration path as well. Moving the transmitter to a closer position is far easier and
safer than moving the receiver unit.

Once the calibration site has been selected, the path must be measured ctoaay at

0.1%. This is usually only possible with a laser range finder which can determine distance to

about 1 centimeter or better. A measuring tape is usable only on paths over a flat ground
surfaceand would not be suitable for measuring distad¢eskilometer or mordt is possible to

avoid the thermal effects of being so near the ground by doing the calibration an hour or two

after sunrise or before sunset or on cloudy days. If the calibration path must be near the ground,
a site off the radand over grass is preferred.

A calibration path length of 1/3 the base or working path length is recommended. For example:
If the working path length were 2 km, a 0.7 km calibration path would work well. This
calibrationbase length ratio will reduin a signal ratio of about 10/1 given a constant gain
setting. Considering the lower gain setting when the instrument is moved to the calibration
point and the limited dynamic range of the instrument output, a suitable -&igrase ratio

is obtainable for the calibration calculation if this 1/3 calibrabase ratio is maintained. Of
course, the actual calibration path length may have to deviate from this value depending on
site constraints. A calibration path length shaoiti@n 0.12 km (400 ft.) should be avoided due

to possible saturation of the receiver photometer detector.

For the LP\Y3 Transmitter, slecting the TEST mode on the transmitter will run the transmitter
continuously until switched off. The interndbck will not be affected by the TEST mode but
should cycle the unit properly after calibration without resetting the clock. Since the low battery
circuitry will be disabled, it is up to the user to make sure that an adequate supply voltage is
available during the calibration proceduFar the LP\\4 Transmitter, just attach power and

the unit will run continuously.

At least 10 consecutive-rhinute integrations should be recorded at each point. Start with the
base or working path point, mote the calibration point and then finish by moving back to the
base or working path point to complete the data taking. Typically, the scatter or standard
deviation of the readings should not exceed 1% from the average value. Scatter greater than
this might be indicative of ground thermal problems or gross changes of transparency due to
rain, snow or windblown dust and a successful calibration is in doubt.
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The differential method can be used for short paths such as with the NDnfétéod described
in Section 8.1In this case the ND filter ieft in for both path readings and the ND transmission
is factored into the equation for CAL.

After computingthe mean values for each pattine following formula is used to calculate the
site extinction.

In Wr-Wp2-Cg
B— __ CrCprWy
Wp-Cp
where,

Cp calibration path distangshorter distance)
Wp base oworking path(longer distance)
Cr calibration path reading
Wr base oworking path reading
Cq calibrationpathgain
Wy base oworking pathgain

once B is known, the transmission for the base or working path may be calculated using,
T — e—B-Wp

and the calibration number is

Wr
CAL = —
T

whereWr is the raw reading at the working path distance.

Once the site extinctioB is measured differentially and converted to trassion T, then the
equation for CAL in Section 8.1 can be used to compute the CAL values for the other lamps to
be calibrated. It is not necessary to use the differential method for each lamp if it can be assumed
that the site transmission has not changet is monitored by doing a differentially calibration

in the middle and end of the calibration process.

A complete derivation of the equations used for the differential path method is provided in
Appendix B.
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SecTion 9.0

SPECIFICATIONS

9.1 GENERAL OPERATING PERFORMANCE

EXTINCTION RANGE

RESOLUTION
Extinction (B)
Visual Range (VR)

ACCURACY
Transmission
Extinction

MEASURED WAVELENGTH
Filter (LPV-3)
Filter (LPV-4)

OUTPUT, FRONT PANEL DISPLAY

B
Vr
C
S

OUTPUT, ANALOG
Al (Extinction)
Al (Visual Range)
Al (Calibration)
A2 (Chart Rec.)
A2 (Std. Dev)
OUTPUT, SERIAL
RS232
Outputs
POWER SUPPLY

12 volt auto battery

OPERATING TEMPERATURE

0.0100 to 6.5535 kih

0.0001 knit
0.1 km

+3%
+0.003 km' for 10 km working path and 0.010
nominal exinction value

550 £2 nm, 10 £1 nm bandwidth at %2 power poin
532 £2 nm, 10 £1 nm bandwidth at %2 power poin

Extinction (km") to 0.001

Visual Range (kmjo 0.1 km
Instrument values from 0 to 6553
Standard Deviation from 0 to 25

0to 10V, 0.010 V = 0.001 Kin

0to 5V, 0.005V =0.001 kin

10X multiplier option can be applied to Al
0to 10V, 0.010 V=1 km
0to5V,0.005V=1km

10X multiplier option can be applied to Al
0Oto 10V, 0.010V =10.0 count
Oto5V,0.050V = 10.0 count

10X multiplier option can be applied to Al
0to 10V, 0.010V = 10.6ount

standard deviation of count samples

9600 baud, 8 data bits, 1 stop bit, no parity
Count, Bscat, Visual Range, Standard Dev.,
Integrating, Time and Date

12-14 volts Receiver, 10id5 LPV-3 Transmitter
11.07 17.0 LP\*4 Transmitter

-20° TO +45° C
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9.2 LPV-3TRANSMITTER SPECIFICATIONS

TELESCOPE
Clear aperture
Focal length
Lens type
BEAM
Diameter

Feedback Dia.

Uniformity

FEEDBACK FILTER
Center Wavelength
Bandwidth

LAMP
Type

Regulation
Life

CHOPPER FREQUENCY

CLOCK
Cycle times
Lamp-on times
Freg. Tolerance

POWER SUPPLY
Voltage, input

Power (lamp off)
Power (lamp on)

SIZE
Projector

WEIGHT
Projector
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58.0 mm
350 mm
coated and cemented achromat

1 degree, projected cone of light

0.17 degree as referenced to the projected
cone and centered within 1 degree cone
5% over 1 deg. cone

1% over 0.17 deg. center @n

550 +2 nm
10 £1 nm

6 volt, 14 watt special prefocused tungsten
filament lamp mounted in machined base
constant to +1.5%

500 hrs. continuous at MED setting

78.1250 +.0001 Hz
20 minutes, 1, 2, and 4 hrs.

2, 16, 32, 64 minutes and continuous
+5ppm

10.6 tol5 volts DCNOT reverse voltage
protected

0.12 watt at 13.8 volt input

24 watts at 13.8 volt input

18 x 5 x 6 inches (LxWxH)

5 Ibs



9.3 LPV-4 TRANSMITTER SPECIFICATIONS

TELESCOPE
Clear aperture
Focal length
Lens type
BEAM
Diameter

Feedback Dia.

Uniformity

FEEDBACK FILTER
Center Wavelength
Bandwidth

LAMP
Type

Regulation
Life

CHOPPER FREQUENCY

POWER SUPPLY
Voltage, input
Power (lamp off)
Power (lamp on)

SIZE
Projector

WEIGHT
Projector
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58.0 mm
350 mm
coated and cemented achromat

1 degree, projected cone of light

0.17 degree as referenced to the projected
cone and cented within 1 degree cone

5% over 1 deg. cone

1% over 0.17 deg. center cone

532 2 nm
10 £1 nm

OVSPGBCR4 green LED from Optek
Technology

constant to +1.5%

50,000 hrs. continuous at MED setting

78.1250 +.0001 Hz

11.0 to 1Avolts DCreverse voltage protectes
0.09watt at 13.8 voltnput
0.80watts at 13.8 volt input

18 x 5 x 6 inches (LxWxH)

5 Ibs



9.4 LPV-3RECEIVER SPECIFICATIONS

TELESCOPE
Clear aperture
Focal length
Lens tye

PHOTOMETER HEAD
Detector
Detector NEP
Active Aperture
Filter

DETECTOR/ELECTROMETER
Type
Gain
Bandwidth
Noise
Gain T-C

BANDPASS AMPLIFIER
Center frequency
Q
Type

A/D INPUT AMPLIFIER
Gain
Bandwidth
Gain error

COMPUTER
Processor
Memory, bytes
I/O
Realtime Clock
A/D
D/A

OPERATING PROGRAM
INPUT CONTROLS

power
Interface
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58.0 mm
350 mm
coated and cemented achromat

silicon PIN photodiode

8 x 10 W/a,,

0.75 mm

550 nm with 10 nm bandwidth

currentto-voltage
4x10

DC to 500 Hz

5 mv pp DC to 500 Hz
-200 ppm/°C

78.125 + 0.001 Hz

100

Built on LMF100 Mode 3 design with 4064 phas
locked loop added for increased phase stgbilit

Software selectable: 1, 2, 4, 8, 16, 32, 64
1 to 1000 Hz
+ 0.024% maximum

PIC18F452 from Microchip

1536 RAM, 32K ROM, 256 EEPROM
22 lines used

DS1302 with 1F capacitor backup power
10 bit, 4ps conversion, 0 to 5.000 volts
12 bit, 010 V output or 6 V output

Programmed in PIC BASIC PRO version 4.5

On-off slide switch
4 pushbuttons control all functions



DISPLAY
Type
Input
Operating Temperature
Humidity

POWER SUPPLY
Input voltage
Input current
Output voltages

SIZE
Telescope
Computer
Photometer Head
WEIGHT
Telescope
Computer

Photometer Head

46

vacuumfluorescent

Serial ASCI| data at 9600 baud
20 to70 C

0 to 80% RH norcondensing

12- 14 V DC, reverse voltage protected
400 ma at 13.8V DC input voltage
+5, +15,-15

12.8 x 2.9 inches (L x Dia.)
9x8x2.4inches (LxW x H)
6 X 2.5 x3.5inches (L ¥ x H)

6 Ibs
3 lbs
2 Ibs



Appendix A

LPV CALIBRATION DATA SHEET

Locati on: Dat e:

I nstrunent |D: Techni ci an:

Weat her / Comrment s:

WORKI NG SETTI NGS
Wor ki ng Path (WP) km Integration Tinme: 1 10 30 60

Working Gain (WG Cycle Tine: Cc 20M 1H 2H 4H

Al Setting: C B WR

A2 Setting: SD CR
Shel ter W ndows Transnittances (\WI)

Receiver . Transmtter . Previous Calib. Number

CALI BRATI ON SETTI NGS

Calib. Path (CP) km Recei ver Through d ass: Y N
Calib. Gain (CQ Transmitter Through dass: Y N
ND Filter Transm ssion: . %

EXTI NCTI ON CONDI TI ON BEFORE AND AFTER CALI BRATI ON

TI ME B TIME B,

ext

Bef or e: M E After: M E

(M nmeasured or E estimated)

At mospheric transmttance at time of calibration (T):

(calculate T using e (Bt X or yse Table 6-1)

CALI BRATI ON READI NGS

A-1



Start tinme: (spare data area)

Readi ng Toggl e Readi ng Toggl e

o o~ wWN

~

Tot al

CALI BRATI ON NUMBER CALCULATI ON

Calib.# = (CPIWP)2 x (WG CO x (1/FT) x W x (1/T) x CR

Note: modify WI if calibration is done through a shelter w ndow

ADDI TI ONAL COMMVENTS

A-2



Appendix B

DIFFERENTIAL PATH CALIBRATION METHOD DERIVATION

The following is a complete derivation of the equations used in computing the calibration
constant using the differential path method.

receiver calibration point base point
‘ Cp (Wp-Cp)
| wp

where,

Cp calibration path distance

Wp working path
Cr  calibration path reading

Wr  working path reading

basic principals

1) Tc = e_B'Cp calibration path transmissidar Cp
2) Tw = e_B'Wp working path transmissidior Wp
3) Twe = e BVP=Cp) differentialpath tranmissionfor Wp-Cp

where B is the extinction coefficient and is assumed to be constant through the entvépath

The inverse of equatiors 2, and Zre:
4) InTe=-B-Cp

5) InTw=-B-Wp

6) InTwe=-BWp—-Cp)=—-B-Wp+ B-Cp

note that

B-1



7)
In7Twe=InTw —InTec or,

8)
Tw

InTwe = In —
c

In a vacuum, the output of the transmitter unit as a function of distance is edoaldassic
equation

9)
lo

72

E —

whereE can be considered the raw reading of the receiver unit@tite transmier output
ata distance of zerof = 0.

In an atmospher&ith transmissionl at distance’, the above equation can be written as:

10)
lo-T

72

E:

For the calibration and working path distances, equation (10) can be written as :

11) 7 o
o-Tw
Wr = —Wp2
12)
Cr — lo-Tec
Cp?

whereWr andCr are the raw readings at the working and calibration path dists®aks. for
transmission

13) ,
Tw _— M
lo
14) )
T — Cr-Cp
lo
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substitute (13) and (14) into equation (8),

15)

Wr-Wp?
lo
Cr-Cp?
lo

InTwe = 1n

16)
Wr-Wp?

InTwe=1In———-—
Cr-Cp?

Substitute (16) into equation (6) and solve Bbrthe extinctioncoefficient for the differential
distanceWpT Cpis.

17)
Wr-Wp?
B—=_ In Cr-Cp?

Wp—Cp

onceB is knownand assume to be constant for any p#ih transmission for any path can be
calculated usinghe clasic equation

18) Tw = e BWP

and the calibration number is

19)

Wr
AL = —
¢ Tw

where Wr is the raw reading at the working path distance.

If gain adjustments are made at the calibration and working path distances, equatisn (17)
modified as

20)
Wr-Wp2-Cg
Cr-Cp2-Wg

Wp—Cp

In

B=-

whereCgis thecalibration gain andVgis theworking gain.
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Appendix C

ENVIRONMENTAL ENCLOSURE

Either the transmitter projector or the receiver photometer head with the telescope can be
installed in the environmental enclosure. The enclosure top plate is removable by loosening the
four hand knobs visiblerotop of the enclosure, rotate the two knobs , which go through slots to
one side free of the top plate and then swinging the top plate open. A long handle screwdriver
is needed to secure either the transmitter projector or receiver telescbpebtuttom of the
enclosure.

The transmitter projector with integrated control is mounted in the enclosure by means of
placing the L bracket within the foot mount located near the center of the enclosure and
securing the two pan head machine scr@wg cable connectors are available for powene

for the projector unit and the other for the heated window option. Make sure the telescope
view is not blocked by the window or stray cable.

The receiver photometer head with small telescopeosnted in the enclosure by means of
placing the L bracket within the foot mount located near the center of the enclosure and
securing the two pan head machine screws. Make sure the window or stray cables do not block
the telescope view. Connect thgailable 9pin connector to the photometer cable and the
heated window, if supplied, to thepiin connector.

Successful operation of the transmissometer requires precise alignment of both the receiver
and transmitter telescopes. Because ofctiteeal alignment of these instruments, great care
should be exercised in construction of the mount for the environment enclosures to insure that
this alignment can be obtained and held even during diurnal temperature changes and wind
loading. It is reommended that our permanent mounting pier (stock no. 86676) be used to hold
the enclosure. Since the enclosure with instrument weighs approximately 33 Ibs, the mounting
plate and/or structure should be made from thick st@& to 1/2" aluminum orteel plate.

The base of the enclosure allows for a small amount of azimuth and altitude adjustment. The
maximum adjustment range for azimuth is 14° (x7° from center) and 8° (x4° from horizontal)
for altitude. This small adjustment range requgesie care in placing the pier or mounting
plate in order that, once the enclosure is roughly mounted on the pier or plate, alignment can be
accomplished by turning the fine adjustment screws within this limited range. See Figure C
for mounting and @nnecting details.

Clean the enclosure windows with alcohol only. Commerciadow cleans usually have a
polish which will change the transmission of the glass by an unknown amount.

C1
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Parts for the jng with crimp terminals compatible with 16 or 18 AWG wire are included with
the power supply. Connect as follows:

Pin 1 (not connected)
Pin 2 +13.8 VDC

Pin 3 13.8 V return
Pin 4 (not connected)

For distances greater than 60 feet, connection éobtdnana jacks are recommended to limit
voltage loss due to the resistance of the power cable. Use of 12 AWG wire would allow the
power supply to be mounted 200 feet from the transmitter or receiver units. Of course, the wire
size would have to be reduté 18 or 16 AWG near the units to accommodate the terminals to
the circular connector going into the instrument or environmental enclosure. Connect as follows:

Red terminal | +13.8 VDC
Black terminal | 13.8 V return
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Appendix D

CONNECTOR PIN DEFINITIONS

TRANSMITTER

PIN # DESCRIPTION
1 NC
2 +10.6 to 15 \DC for LPV-3
+11.0to 17 VDC for LPV4
3 Power Return
4 NC

4-Pin Power Input Connector

D-1




RECEIVER

PIN #

DESCRIPTION

A OWNPE

NC

+12 to 14V DC
Power Return
NC

4-pin Power Input Connector

PIN #

DESCRIPTION

O©CoO~NOOOTDS,WN P

Analog 1 Signal
Analog 2 Signal
Toggle Signal
Analog 1 Common
Analog 2 Common
Digital Common

NC

NC

Shield, Case Ground

9-pin Output Connector

PIN #

DESCRIPTION

OCO~NOOUITA,WN P

-15.0V

+15.0V

Photometer Signal

NC

NC

Signhal Common

13.8 V Return (Enclosure Option)
13.8 V (Enclosure Option)
Shield, Case Ground

9-pin Photometer Connector

PIN #

DESCRIPTION

OCoO~NOOTDS WN P

Shield, Case Ground
™

RX

NC

GND

NC

NC

NC

NC

DB-9 RS232 Interface Connecto




Appendix E

POWER SUPPLY

For AC installations, the 13.8 V DC power supply (Optec stock #86905) is required. This power supp
measures 8 x 6 x 2 inches and will accept any of two switched inputsI&2UAC 50/60Hz or 18@64VAC
50/60 Hz. The unit wilsupply 13.80.3 VDC at up to 10 amps to either the receiver or transmitter unit

Two different output connectors are available depending on distance to the receiver or transmitter. F
distances up to 60 feet, connection to th@Amp circular conneot is recommended. Parts for the plug with
crimp terminals compatible with 16 or 18 AWG wire are included with the power supply. Connect as follows:

Pin 1 (not connected)
Pin 2 +13.8 VDC

Pin 3 13.8 V return
Pin 4 (not connected)

For distances geger than 60 feet, connection to the banana jacks are recommended to limit voltage loss due
the resistance of the power cable. Use of 12 AWG wire would allow the power supply to be mounted 200 fe
from the transmitter or receiver units. Of course,whre size would have to be reduced to 18 or 16 AWG near
the units to accommodate the terminals to the circular connector going into the instrument or environmer
enclosure. Connect as follows:

Red terminal +13.8 VDC
Black terminal 13.8 V return

E-1



Appendix F

WIRING AND CIRCUIT DIAGRAM
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Figure F1. LPV-3 Transmitter Board Layout.
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Figure F4. LPV-3 Receiver
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Figure F5. LPV-3 Receiver Power Supply Circuit Diagram.
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Figure 6. Wiring Diagram folLPV-3 Receiver.
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