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Chapter 1 General Information

CHAPTER 1
GENERAL INFORMATION

This chapter provides general notes for the manual and Background
Luminance Sensor LM21 Revision P. The previous revisions have their
separate User’s Guides and related documents.

About This Manual

This manual provides information for installing, operating, and
maintaining Background Luminance Sensor LM21 Revision P.

Version Information

Table 1 Manual Revisions
Manual Code Description
M211765EN-A First version. January 2015.

Related Manuals

Table 2 Related Manuals

Manual Code Manual Name

MO10087EN FS11 User's Guide

M210283EN LM 21 User’s Guide (previous revisions)
M210325EN LM21 Technical Reference

Documentation Conventions

Throughout the manual, important safety considerations are highlighted
as follows:

WARNING Warning alerts you to a serious hazard. If you do not read and follow
instructions very carefully at this point, there is a risk of injury or even
death.

VAISALA 5
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CAUTION Caution warns you of a potential hazard. If you do not read and follow
instructions carefully at this point, the product could be damaged or
important data could be lost.

NOTE Note highlights important information on using the product.

Safety

The LM21 Background Luminance Sensor Revision P delivered to you
has been tested for safety and approved as shipped from the factory.

Special safety precautions are not needed, because the device is powered
by a low voltage. The following general safety precautions must,
however, be observed during all phases of installation work and repair of
this equipment. Failure to comply with these precautions or with specific
warnings elsewhere in this manual violates safety standards of design,
manufacture, and intended use of the equipment. Vaisala and its
subsidiaries assume no liability for the customer's failure to comply with
these requirements. Note the following precautions:

WARNING

To prevent operator injury or damage to the background luminance and
host visibility sensors, verify that the line voltage setting is correct
before connecting the line power. Also ensure that the line power outlet
is provided with a protective ground contact.

WARNING

Do not operate the equipment in the presence of flammable gases or
fumes. Operation of any electrical instrument in such an environment
constitutes a definite safety hazard.

CAUTION

Because of the danger of introducing additional hazards, do not install
unsuitable parts to the instrument. Contact Vaisala or its authorized
representative for repairs to ensure that safety features are maintained.

CAUTION

The component boards include CMOS microchips. The component
boards should be transported and stored in conductive carriers. Although
new CMOS devices are protected against overvoltage damages caused by
static electric discharge of the operator, careful handling is
recommended. The operator should be properly grounded. Unnecessary
handling of component boards should be avoided.

M211765EN-A
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Recycling

ESD Protection

Electrostatic Discharge (ESD) can cause immediate or latent damage to
electronic circuits. Vaisala products are adequately protected against
ESD for their intended use. It is possible to damage the product,
however, by delivering electrostatic discharges when touching,
removing, or inserting any objects inside the equipment housing.

To make sure you are not delivering high static voltages yourself:

- Handle ESD sensitive components on a properly grounded and
protected ESD workbench.

- When an ESD workbench is not available, ground yourself to the
equipment chassis with a wrist strap and a resistive connection cord.

- If you are unable to take either of the above precautions, touch a
conductive part of the equipment chassis with your other hand before
touching ESD sensitive components.

- Always hold component boards by the edges and avoid touching the
component contacts.

&

Recycle all applicable material.

)54

Dispose of batteries and the unit according to statutory regulations. Do
not dispose of with regular household refuse.

Warranty

VAISALA

Visit our Internet pages for standard warranty terms and conditions:
www.vaisala.com/warranty.

Please observe that any such warranty may not be valid in case of
damage due to normal wear and tear, exceptional operating conditions,
negligent handling or installation, or unauthorized modifications. Please
see the applicable supply contract or Conditions of Sale for details of the
warranty for each product.



http://www.vaisala.com/warranty
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Chapter 2 Product Overview

CHAPTER 2
PRODUCT OVERVIEW

This chapter introduces the Background Luminance Sensor LM21
Revision P features, advantages, and the product nomenclature.

Introduction to Background Luminance Sensor
LM21 Revision P

Background Luminance Sensor LM21 Revision P is a part of the airport
RVR assessment equipment provided by Vaisala. The background
luminance has an effect on the distinctiveness of the runway lights as
seen by a pilot. LM21 measures the total amount of light coming in from
an angle of 6 degrees and sends the measurement results to the interface
unit of FS11 Visibility Sensor or LT31 transmissiometer via an RS-485
connection. LM21FD converts the measured background luminance to
frequency. The frequency can then be converted to background
luminance by FD12P Weather Sensor.

1409-081

Figure 1 Background Luminance Sensor LM21 Revision P
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Concept of Runway Background lllumination

In order for the runway lights to be seen, they have to illuminate the eye
to a level above the threshold for detection.

In RVR (runway visual range) calculations, the visual threshold of
illumination is called the ET. The main factor of the illumination
threshold is the brightness of the background against which the light is
viewed. This brightness is measured by background luminance sensor.

Table 3 Definitions for Illumination Terms

Definition Description

llluminance The luminous flux received on a unit
area of a surface (lux)

Luminance The photometric brightness of a

surface, that is, the luminous intensity
of any surface in a given direction per
unit of the projected area (candelas
per square meter)

Luminous flux The time rate of flow of light (lumen)
Luminous intensity The luminous flux per unit solid angel
in a given direction (candelas)

Typical background luminance values in relation to the human eye are
presented in

Table 4 Background Luminance Values in Relation to the

Human Eye
Condition lllumination Threshold | Background

(lux) Luminance (cd/m?)

Night 8x 107 4 -50
Intermediate 8 x 10-5 51-999
Normal day 8 x 10-4 1000 - 12 000
Bright day (sun, fog) 8 x10-3 More than 12 000

Background Luminance Sensor LM21 Revision P supplies continuous
background luminance values for RVR calculations.

10 M211765EN-A
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Product Overview

Table 5 LM21 Nomenclature
Code Common Name Description
LM21 Background Luminance |For background
Sensor luminance measurement
in FS11 systems
LMB203 Luminance Detector board
Measurement Board
LM21FD Background Luminance | For background
Sensor luminance measurement
in FD12P
LM21LT Background Luminance | For background
Sensor luminance measurement
in LT31
LMA21 LM21 Field Calibrator Device for LM21 field

calibration

11




User's Guide

This page intentionally left blank.

12 M211765EN-A




Chapter 3

CHAPTER 3
FUNCTIONAL DESCRIPTION

This chapter describes the functionality of Background Luminance
Sensor LM21 Revision P.

Operating Principles

VAISALA

Background Luminance Sensor LM21 Revision P measures the amount
of light coming from an angle of 6° to a 24-mm diameter lens. The
incoming light is focused on a photodiode.

The light spectrum detected by the PIN photodiode is narrowed by a
green filter to match the spectral response of the human eye.

The photoelectric current is measured and converted into cd/m? or to a
frequency that linearly corresponds to cd/m? divided by 10.

The LM21 sensor consists of a cast aluminum housing with an integrated
hood and mounting accessory, an optics module with a window, filter,
and a lens, and a connection cable to the host computer. An electronics
board is fastened to the optics module.

13
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1409-068

Figure 2 Exploded View of LM21 Background Luminance
Sensor Revision P

The following numbers refer to Figure 2 above:

Cast aluminum housings
= Electronics board
Optics module

= Integrated hood

= Connection cable

(U NGO R
Il

The optics module including the lens is heated by a power resistor. The
window is heated by a separate window heater. The window heater
consists of a power resistor and a high power heater foil. The power
resistor is located inside the unit enclosure mounted below the window.
The heater foil is located on an area of the hood close to the window. The
heater foil keeps the hood free of snow and ice deposits by covering the
entire hood area.

The electronics part of the LM21 device can be divided into three
different sections:

- Power supply
- Measurement circuits

- Microcontroller

M211765EN-A
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The input voltage range is wide (from 10 VDC to 38V DC, or
alternatively from 8 VAC to 28 VAC) and the hood and window heaters
are operated with 28 VAC.

Both communication interfaces are protected against ESD spikes and
surge voltages. Lightning induced overvoltages and surges are conducted
to a protective ground.

LMB203 Luminance Measurement Board

VAISALA

The LMB203 board contains all the electronics, the photodiode, and the
necessary connectors for cable and heating elements.

Operating Voltages

The input voltage of the power supply section ranges from 10 VDC to

38 VDC, or alternatively from 8 VAC to 28 VAC. For full power hood
heater operation additional 28 VAC is required. When powered from
FD12P the hood heaters can be operated with the 24 VAC available but
with lower power. When powered by LT31, the full 28 VAC is available.
The external power supply requirement is about 6 W for basic operation
and an additional 50 W for a full power hood heater operated at 28 VAC.

Communication Options

Communication to the outside world occurs via an RS-232 maintenance
line or an RS-485 data line. The RS-485 bus is electrically isolated with a
transformer in the power supply section and two optocouplers for the
receiver and transmitter sides. Both communication interfaces are
protected against ESD spikes and surge voltages.

Additional interfaces include the +12 V 10mA frequency output for
FD12P, and the I°C interface for the external calibrator. The frequency
output is generated with a single comparator circuit and the I°C bus
interface is driven directly by the microcontroller.

Microcontroller

The microcontroller is a 16-bit Hitachi H8 board running with a 16 MHz
clock rate and an internal flash memory. The microcontroller includes an
external SRAM chip attached for the data memory. The microcontroller
also contains an external watchdog circuit to generate a processor reset
when the board is powered or the watchdog has not been updated during
the time-out period. The board includes a small amount of non-volatile
EEPROM memory attached to the I°C bus.

15




User's Guide

Input Protection

The LM21 serial interfaces are protected against overvoltage with
transildiodes and voltage dependent resistors (VDR). The RS-485
communication interface is also galvanically isolated. The calibrator
interface is protected against overvoltage and short-circuits with
transildiodes and a PTC resistor. The frequency output and power supply
input connections have short-circuit protection with PTC resistors. The
power supply connections are all equipped with EMI filters.

Diagnostic and Supportive Circuits

16

For reliable operation, the device includes diagnostic and supportive
circuits. These include control circuits for the external hood and dew
heaters, backscatter measurement, sensor sensitivity, and window
contamination.

Optical Contamination and Blocking
Monitoring

Optical contamination and blocking of the sensor are continuously
monitored. The LM21 sensor monitors optical contamination and
blocking by measuring window contamination and backscattered signals.
The FS11 CALIBRATE WINDOW_CLEAN BL_SENSOR command
(or CALIBRATE WINDOW_CLEAN when given directly to LM21
via a maintenance terminal) is used to set clean reference values for the
contamination and blocking signals. If the alarm limit is exceeded in the
backscatter measurement, the visibility data is set as missing (/////) and an
alarm is generated. For more information on how to give Level 1
commands, see chapter LM21 Commands on page 26.

The backscatter is measured with a dedicated receiver diode and circuit
using an IR LED as a light source. The signal is higher when more light
is scattered back. A BACKSCATTER HIGH alarm is generated when the
backscatter signal has increased considerably from the reference signal
level.

M211765EN-A




Chapter 3

VAISALA

The window contamination measurement circuitry uses a separate IR
LED and a detector located on the opposite sides of the window edges to
measure window contamination with the same principle as FS11. The
change of the contamination signal from the clean value is proportional
to the contamination on the window. The window contamination value of
the status message indicates the reduction in transmittance of the
window. For example, a contamination value of 10 % means that the
window transmittance has decreased 10 % and it is now only 90 % of the
original value.

Contamination Compensation

The window contamination value is used to calculate the required
compensation for the background luminance values. The contamination
compensation is only performed with moderate contamination when
reliable background luminance measurements can still be made. If the
contamination compensation is disabled with the FS11 command SET
CONTAMINATION_COMPENSATION BL_SENSOR OFF (or
SET CONTAMINATION_COMPENSATION OFF when given
directly to LM21 via a maintenance terminal), no contamination
compensation is made. For more information on how to give Level 1
commands, see chapter LM21 Commands on page 26.

Sensitivity Check

There is an additional infrared emitting LED that is used for sensitivity
checking to ensure that the background luminance measurement is
working properly during the night when the background luminance
measurement is saturated into a low value. The light of the LED is
reflected from the back of the lens and measured with the master
detector. Since the optical bandpass filters are outside the lens, a similar
infrared LED can be used for the sensitivity check as is in use for other
diagnostic measurements. Any signal that is other than the saturated
value is acceptable for the sensitivity check.

Heater Operation

The hood heater operation is controlled by one solid state relay, which
switches the hood heater voltage (28 VAC) on and off. The dew heater
circuit consists of two transistors which switch power to the external
power resistor. The dew heater operation is monitored by the current
measurement resistor, that generates a voltage proportional to the dew
heater current. The voltage is measured with the microcontroller's
internal analog-to-digital converter.

The hood heater operation is monitored by a temperature sensor located
on the glue sides of the hood heater foil. The automatic heating control
system uses the temperature sensor output to stabilize the hood

17
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temperature. The system turns the heater on when the temperature inside
the LM21 drops below 15 °C and turns the heater off when the
temperature inside the LM21 rises above 20 °C. The hood heater is also
turned off when the hood temperature rises above 40 °C.

If the sensor output is invalid, the heater is turned off and a HOOD
HEATER FAULT indication is generated. If the measured heater
temperature has increased less than 2 °C within the 90 seconds since the
automatic heater control system turned on the heater, an indication is also
generated.

The dew heater prevents the formation of condensation on the optic
surfaces. It keeps the sensor temperature above the ambient temperature.
If the dew heater has been activated, the automatic heater control system
will turn on the heater when the temperature inside LM21 drops below
40 °C. The heater is automatically turned off when the temperature inside
the LM21 rises above 45 °C.

If no current runs through the heater when it is in the ON state, a DEW
HEATER FAULT indication is generated.

M211765EN-A
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CHAPTER 4
INSTALLATION

This chapter provides you with information that is intended to help you
install LM21.

General Installation and Alignment

VAISALA

Background Luminance Sensor LM21 Revision P is mounted on the
sensor arm of Visibility Sensor FS11. Background Luminance Sensor
LM21 Revision P should face north on the northern hemisphere and
south on the southern hemisphere. Direct sunlight into the sensor must be
avoided.

Background Luminance Sensor LM21 Revision P is normally tilted in an
angle of 20 to 50 degrees referred to horizontal level. A good practice to
choose the tilt angle is to direct the sensor slightly above the runway
lights. The LM21 sensor is designed for measuring the background,
against which pilots view the runway lights or the runway markings. A
compromise must be made to achieve a measurement as representative as
possible and, on the other hand, to meet the installation requirements.
The LM21 sensor must not face the runway lights directly but it should
view a part of the scattered light dome seen by the approaching pilot.
Generally, an installation angle of 30° is recommended when there is no
special reason to use a wider angle.

19
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Installation to FS11 Visibility Sensor

The LM21 sensor is mounted on the FS11 sensor arm, which is attached
to the rear panel of the interface unit radiation shield. See FS11 Visibility
Sensor User’s Guide for instructions on installing the FS11 sensor arm.

Follow these steps to mount the LM21 sensor on the FS11 sensor arm:

1. Select the installation position of LM21. The LM21 can be
installed on either side of the FS11 sensor arm to view in opposite
directions.

2. Thread the LM21 cable through the sensor arm. To make the
threading easier, attach a cable tie to the LM21 cable connector.
Attach the cable to LM21 and mount the LM21 and bracket to the
sensor arm.

NOTE When connecting LM21, FS11 must be powered off.

1002-043

Figure 3 Threading the LM21 Cable

20 M211765EN-A
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3. Attach the cable connector to LM21 and mount LM21 onto the
Sensor arm.

1010-123
Figure 4 Mounting LM21
The following numbers refer to Figure 4 above:
1 = Attaching cable connector to LM21
2 = Mounting LM21 onto the sensor arm
NOTE Ground the cable shield of the LM21 cable properly into the cable gland

as shown in Figure 5 below.

— | ]E )

—

1409-083

Figure 5 Cable Shield

VAISALA 21




User's Guide

4.  Ifthe viewing direction of LM21 Background Luminance Sensor
Revision P needs fine-tuning, it can be adjusted by turning the
sensor's mounting bracket. If the desired LM21 orientation is not
possible to obtain by turning the mounting bracket, the FS11 rear
panel can be adjusted by loosening the screws holding the clamps
and rotating the rear panel of the radiation shield. Tighten the
screws after the adjustment.

5. Connect the LM21 cable into the interface unit of FS11 as shown in
Figure 6 and Table 6 on page 23.

22 M211765EN-A
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Janection strip

1412-005

Figure 6 Wiring of LM21 to FS11

1 = LM21 cable inlet. Place behind the AC cable.

Table 6 Wiring for LM21 Cable

Wire Color Connect To Signal

Pink Connection strip, upper 1 VB+

Gray Connection strip, upper 2 VB-

Green Connection strip, upper 3 RS-485+

Yellow Connection strip, upper 4 RS-485-

White FSP103 X4.2, pin 9 28VAC Fused 5A b
Blue FSP103 X4.2, pin 9 28VAC Fused 5A b
Brown FSP103 X4.5, pin 12 28VAC common
Red FSP103 X4.5, pin 12 28VAC common

VAISALA 23
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7. After turning on the FS11 sensor, connect a maintenance terminal
to the maintenance connector at the bottom of the FS11 interface
enclosure. Use the OPEN command to open the maintenance line.
Give the configuration command SET BL_SENSOR LM21 to add
the LM21 sensor output into the FS11 system and the data
messages. With this command, the interface unit CPU starts polling
the LM21 sensor via the internal RS-485 sensor interface.

Startup Tests for LM21 with FS11

To test the operation of LM21 Background Luminance Sensor Revision
P, open the maintenance line with the OPEN command using a
maintenance terminal connected to the FS11 interface enclosure. With
the STA command the unit sends a status message, which now contains
the background luminance reading sent by LM21.

24 M211765EN-A
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CHAPTER 5
OPERATION

Operation

This chapter contains information that is needed to operate LM21 when it

is installed to an FS11 Visibility Sensor system.

LM21 Background Luminance Sensor Revision P is a fully automatic
instrument that does not need any regular operation by the user. The
factory set instrument parameters do not usually need to be changed.

Operation with FS11

VAISALA

When installed into an FS11 system, the configuration command SET
BL_SENSOR LM21 is used to add the LM21 sensor output into the
FS11 system and the data messages. With this command, the interface
unit CPU starts automatically polling the LM21 sensor via the internal
RS-485 sensor interface. All the most important LM21 system
parameters can be set and the maintenance commands given via FS11
Interface Unit (see FS11 User's Guide).

Default Factory Settings

The default factory settings for the LM21 sensor are listed in Table 7
below.

Table 7 Default Factory Settings
Parameter Default Factory Settings
Contamination_compensation On

Hood heaters On

Dew heater On
Message port Data
UNIT_ID " " (space)
Maintenance port baud 9600
Maintenance port character format 8N1

Data port baud 9600

Data port character format 8N1

25
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Operation as a Standalone Sensor

The LM21 sensor parameters are set with the SET command. Use other
commands to display system status and other maintenance data. All
commands are given either through the Maintenance line or the Data line.
Commands given through the Maintenance line do not interfere with the
Data line message sending.

LM21 Commands

NOTE

Separate all command parameters from each other by a space character
and end every command pressing ENTER.

26

Entering and Exiting the Command Mode

Before you can give any commands to the LM21 sensor, assign the
maintenance or data line of LM21 to the operator. Otherwise it is
assigned to automatic messages or polled communication.

Enter the command mode with the command OPEN.

OPEN Command

If no device identifier (ID) is defined, type

OPEN

For example, if the ID is defined as A, type

OPEN A

If an ID is defined but you do not remember it, type

OPEN *

If the device type LM is included in the OPEN command, an ID is not
needed. This device type can be used when there is only one LM21
sensor on the line. This command is similar to the OPEN * command
with the exception that it only opens the LM21 command mode and not
the other possible sensors on the line. Type

OPEN LM
If there are other sensors on the line with the same ID, the command

mode of the LM21 sensor can be opened by including the device type
LM with the ID. This command is similar to the OPEN ID command

M211765EN-A
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Operation

with the exception that it only opens the LM21 command mode and not
the other sensors on the line with the same ID. For example, if the ID is
defined as A, type

OPEN 1M A
The LM21 sensor answers:

ILM21-A line opened for operator commands

If you do not give input within 10 minutes, LM21 closes the line
automatically. You can set the timeout time.

If LM21 receives an OPEN command targeted to another device while in
the command mode, it executes a CLOSE command.

CLOSE Command

You can release the line to automatic data messages with the CLOSE
command.

If no ID is defined the LM21 sensor answers:

LM21 LINE CLOSED

For example, if an ID is defined as A, the LM21 sensor answers:

LM21-A LINE CLOSED

Available Commands

With the HELP command you can get information about the available
commands. By typing HELP Command you get information about a
specific command.

The hierarchy and description of the commands are described in Table 8
on page 28. In addition to the user level command set, there is a second,
advanced, in-depth maintenance and service level command set. The
access command to this advanced level is LEVEL 1. The command
prompt shows the current command set level. In the advanced level the
prompt is 1>,
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Table 8 User Level Commands
Command Description
CLOSE Releases the port for message transmission
ECHO ON Enables input character echo (default)
ECHO OFF Disables input character echo

MESSAGE message _number

Prints a message without transmission frames. If the
message number is not specified, LM21 displays the
default message.

HELP command

Lists available commands. With a command name
as a parameter, the HELP command shows
information about that specific command.

STATUS

Prints the status message

PARAMETERS

Prints the configuration parameters

SET MESSAGE TYPE message number

Selects the transmitted message type

SET MESSAGE INTERVAL number

Sets the interval in seconds for message sending.
Zero disables the automatic sending.

SET MESSAGE PORT DATA

Message is directed to the Data port (default)

SET MESSAGE PORT MAINTENANCE

Message is directed to the Maintenance port

SET UNIT_ID id

Sets unit identifier: an alphanumerical character for
message and polling identification. A '-' character
removes the ID. By default no ID is set and space
character is used in the message headings.

SET NAME name

Sets name: an alphanumerical string that can be
used during installation to identify for example unit
location. The maximum string length is 12
characters.

SET MAINTENANCE_PORT BAUD number

Sets the Maintenance port serial line baud rate to
300...9600. Communication parameters: 8N1 (fixed).

MEAS_SYNC

Resets the measurement sequence. The following
data message is measured from the moment all
average values are erased. Next message is
transmitted in (interval +2) seconds.

SET PORT_TIME OUT number

Sets the command mode time-out in minutes 0 to 30,
0 disables the time-out, default is 10 min

SET TERMINAL_LINES number

Adjusts printouts for used terminal screen. Minimum
is 5 lines, default 24.

NAME Displays the device name given by the user, the
device type, and ID
VERSION Lists the software version

SET DATA_PORT BAUD number yes/no

Sets data port serial line baud rate to 300...19200.
Verification yes/no asked only if the command is
given via DATA PORT (default 9600).

SET DATA_PORT PARITY 7E1 yes/no

Sets data port serial line to use the following
communication parameters: 7 data bits, even parity,
1 stop bit. Verification yes/no asked only if the
command is given via DATA PORT.

SET DATA_PORT PARITY 8N1 yes/no

Sets data port serial line to use the following
communication parameters: 8 data bits, no parity, 1
stop bit. Verification yes/no asked only if the
command is given via DATA PORT.

28
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Table 9

Advanced Level Commands

Command

Description

CALIBRATE LUMINANCE number

Makes a single point calibration of the luminance
measurement. Not needed, if the field calibration is
performed using LMA21 Field Calibrator.

CALIBRATE WINDOW_CLEAN

Sets the clean references for contamination control
(and backscatter control) of Background Luminance
Sensor

RESET yes/no Hardware reset by watchdog circuitry, verification
yes/no asked
ELOG clear Lists the error log contents. The error log is cleared

with the CLEAR parameter.

SET CONTAMINATION_COMPENSATION
ON

Enables measurement values compensation for
window contamination in Background Luminance
Sensor (default)

SET CONTAMINATION_COMPENSATION
OFF

Disables the compensation function

SET HOOD_HEATERS ON

Enables the monitoring and the automatic operation
of background luminance sensor hood heater
(default).

SET HOOD_HEATERS OFF

Disables the background luminance sensor hood
heater operation and monitoring. Set OFF when
operated in environments where hood heaters are
not needed and sensor is only operated with DC
power.

SET DEW_HEATER ON

Enables the monitoring and automatic operation of
dew heaters (default).

SET DEW_HEATER OFF

Disables the dew heaters operation and monitoring.
Set OFF when operated in environments where dew
heaters are not needed (ambient temperature does
not drop below 12 °C) or when LM21 is used with
FD12P or MITRAS.

SET MESSAGE FRAME ON

Message frames included in data message
transmission (default)

SET MESSAGE FRAME OFF

Message frames not included in data messages

SET DEFAULTS yes/no

Restores the default factory settings, verification
yes/no asked

Message Formats

The LM21 messages can be polled, or the sensor can automatically send
a predefined message at a selected interval. You can select from three
basic message formats. By default the LM21 sensor adds frame strings to

the messages.

VAISALA
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MESSAGE 1, Basic Message

This is a basic fixed length message which contains the background
luminance value and alarm status information. The message format is
presented below:

ILMAVBL 02500 AL 0#CSUM3—*

where

! = Start of the heading (ASCII 1)

LM = Background luminance sensor identifier

A = Unit identifier, if the ID is not defined it is replaced by
a space character

v = Start of the text (ASCII 2)

BL 02500 = Background luminance identifier and value, unit cd/ sq
meter (SI-unit), 1 min average

ALO = Alarm status of Background Luminance Sensor

# = End of the text (ASCII 3)

CSUM = Checksum CRC16

3 = End of the transmission (ASCII 4)

—* = CR + LF (ASCII 13 + ASCII 10)

The total amount of characters in the message is 26. The transmission
times are: 0.9 s at 300 bps (10-bit char), 0.11 s at 2400 bps, 0.03 s at

9600 bps.

Alarm Status Codes

The alarm status codes are listed in Table 10 below.

Table 10

Alarm Status Codes

Character

Explanation

Reasons

E

Error (background luminance

measurement value NOT shown,

replaced with /////)

See Table 11 on page 41.

Alarm (background luminance

measurement value NOT shown,

replaced with ///l])

See Table 12 on page 42.

Indication of some abnormal
situation (meas. value valid and
shown)

See Table 13 on page 43.

0 (zero)

NO alarm or warning (alarm is
OFF)

30
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MESSAGE 2, Standard Message

This is a basic fixed length message which contains the background
luminance value and alarm status information in parenthesis. The
message format is presented below:

ILMAVBL(02500 (AL(0))#CSUM3—#

where

! = Start of the heading (ASCII 1)

LM = Background luminance sensor identifier

A = Unit identifier, if the ID is not defined it is replaced by
a space character

v = Start of the text (ASCII 2)

BL 02500 = Background luminance identifier and value, unit cd/ sq
meter (SI-unit), 1 min average

ALO = Alarm status of Background Luminance Sensor

# = End of the text (ASCII 3)

CSUM = Checksum CRC16

3 = End of the transmission (ASCII 4)

—* = CR + LF (ASCII 13 + ASCII 10)

The total amount of characters in the message is 30. The transmission
times are: 1.0 s at 300 bps (10-bit char), 0.13 s at 2400 bps, 0.032 s at
9600 bps.

For a list of alarm status code explanations, refer to Table 10 on page 30.

MESSAGE 3, Status Message

This status message contains the results of the built-in tests. These
numerical internal monitoring measurement values can also be requested
with the STATUS command.

Example of status message:

ILMAVBackground luminance sensor: OK

window cont: 0
contamination compensation: ON
backscatter: 0

CPU: 26.2 hood: 24.6
heater status: Hood: OFF, Dew: OFF
V5iso: ON

#CSUMI—*

where

! = Start of the heading
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where

LM = Background luminance sensor identifier

A = Unit identifier, if the ID is not defined it is replaced
by a space character

v = Start of the text

Background = LM21 status

luminance

sensor

Window cont = Reduction in window transmittance, in %

Contamination = Status of background luminance compensation

compensation

Backscatter = Signal level from the total blockage signal, in %

CPU = LMB203 temperature, degrees Celsius

Hood = Hood temperature, degrees Celsius

Heater status

hood = Hood heater automatic control system on/off, *=
heater current flowing

dew = Dew heater automatic control system on/off, *=
heater current flowing

V5iso = Isolated +5VDC operating voltage for RS-485
(on/ofYf)

# = End of the text

CSUM = Checksum CRC16

3 = End of the transmission

—% = CR+LF

For a list of alarm status explanations, refer to Table 12 on page 42.

The total amount of characters in the message is 179. The transmission
times are: 5.9 s at 300 bps (10-bit char), 0.74 s at 2400 bps, 0.19 s at
9600 bps.
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Message Sending Modes
Polled Mode

In the polled mode the LM21 sensor sends a data message when the host
computer transmits a polling command. The automatic message sending
mode is disabled by setting the message interval to zero with the
following command:

SET MESSAGE INTERVAL 0
The polling command format is as follows:

%LM<id>< message number> —

where

% = The ASCII character number 5 (Ctrl E)

id = The identifier selected in configuration, if replaced
with blank space all LM21 sensors on the line will
respond

message = Optional message identifier (two characters), if the

number message number is omitted, the sensor answers with

the default message selected with the SET
MESSAGE TYPE command
- = CR (ASCII 13)

Examples of polling commands:

%LM — = Ifonly one LM21 unit is on the line (no ID is
necessary)
%LMAO3— = The LM21 unit A (ID = A) is polled for message

number 03 (status message). This is used when
several devices are on the same line.

Automatic Mode

In the automatic mode the LM21 sensor sends a predefined message at
selected intervals. The automatic message can be defined with the SET
MESSAGE TYPE command. For available messages, refer to Message
Formats on page 29. The format of the SET MESSAGE TYPE
command is presented below:

SET MESSAGE TYPE Message number
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The following command selects message 2 as the default automatic
message:

SET MESSAGE TYPE 2

The automatic message interval is selected with the command SET
MESSAGE INTERVAL. The message interval is given in seconds. An
interval of zero disables the automatic sending. The command format is
as follows:

SET MESSAGE INTERVAL Message_interval

The following command selects the message to be sent once a minute:
SET MESSAGE INTERVAL 60

The following command cancels the automatic sending:

SET MESSAGE INTERVAL 0

The automatic message number is also the default number for the
MESSAGE command and polling.
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CHAPTER 6
MAINTENANCE

This chapter provides information that is needed in basic maintenance of
LM21.

Cleaning the Window

The cleaning of the window and the hood is the only periodic
maintenance task required. The LM21 sensor can compensate for a
reasonable amount of window contamination, but when a certain limit is
exceeded cleaning is required.

The window and the hood must be cleaned at least once a year or more
often depending on the conditions (for example how close the runway is).
In an airport environment the cleaning should be done every six months.
The cleaning should be done when the window contamination value in
the status message has reached 10 %. The window should be dry when
the window contamination value is checked.

The cleaning should be done as follows:

1.  Wipe the window with a soft, lint-free cloth and isopropyl alcohol.
Be careful not to scratch the window surfaces. The window should
dry up indicating that the window heating is functioning.

2. Check that the assembly of the hoods and optics is free of water
condensation and ice or snow deposits.

3. Wipe the dust from the inner and outer surface of the hood.

NOTE Do not use any sharp tools to remove ice or snow from the hood,
especially from its heated surface. This can easily break the heating foil.
Do not try to insert any tools under the foil, because the foil glue may
then fail to hold the foil on the hood surface. It is essential, that the foil is
firmly attached to the hood surface, otherwise the heat transfer from the
foil piece to the hood is impaired resulting in a burned foil.

VAISALA 35




User's Guide

4.  After the optical surfaces are properly cleaned, check that the
WINDOW CONT value of Background Luminance Sensor in the
status message is close to zero.

NOTE The window must be dry before checking the WINDOW CONT values.

5. Ifthe WINDOW CONT value is not close to zero, give the
command CALIBRATE WINDOW_CLEAN BL_SENSOR (if
the maintenance terminal is connected to the FS11 maintenance
line), or the command CALIBRATE WINDOW_CLEAN (if the
maintenance terminal is connected to the LM21 maintenance line
in an FD12P or LT31 installation). These commands have no
parameters and they are used to set the clean reference for the
contamination control.

NOTE There must not be any objects in front of the sensor when the
CALIBRATE WINDOW_CLEAN VISIBILITY_SENSOR command
or the CALIBRATE WINDOW_CLEAN command is given.

NOTE The window must be dry before giving the CALIBRATE

WINDOW_CLEAN BL_SENSOR command.

Calibration Check and Calibration Procedure

Background Luminance Sensor LM21 Revision P can be field calibrated
by using the LMAZ21 field calibration unit. Calibration is performed by
using a stabilized white LED. The LED has been stabilized by a feedback
loop. The light beam is diffused through the opal glass window of the
calibrator. The calibrator also includes a non-volatile memory which
stores the calibration coefficients of the light intensity. These coefficients
have been stored during factory calibration.

NOTE

The optimal circumstances for field calibration is when the temperature
i1s 10 — 30 °C and the weather is clear and dry.

36
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The field calibration procedure is performed in the following way:

1. Place the calibrator tightly against the LM21 window under the
LM21 hood (see Figure 7 below). No ambient light should leak into
the LM21 window.

2. Open the protective cover and connect the calibrator cable to the
calibrator connector of LM21. See Figure 7 below.

1409-084

Figure 7 Mounting the LMAZ21 Field Calibrator into the LM21

Hood

3. Wait and observe the indicator lights. The following five indicator
lights in the calibrator are visible to the operator (see Figure 8 on
page 38):
ON = Indicates that LM21 is checking for calibrator
(Green) installation
CHECK = |Indicates that LMAZ21 is checking the LM21
(Yellow) calibration
CAL = Indicates that the calibration procedure is in
(Yellow) progress
DONE = Indicates that the calibration check or calibration
(Green) procedure has been successfully completed
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FAIL = Indicates a failure either in the installation,
(Red) communication, or calibration

0207-004

Figure 8 LMAZ21 Indicator Lights

4.

10.

If LM21 detects the calibrator when the calibrator connector has
been connected, the green ON LED starts to flash.

The white LED light is switched off and on. When the successive
dark and bright signals are detected by LM21 it is assumed that the
calibrator is correctly installed under the hood. During this
procedure the green ON LED is flashing.

If the successive dark and bright conditions cannot be detected by
LM21, the red FAIL LED is lit. Try to repeat the calibration
procedure. If the FAIL LED is still lit, contact Vaisala or its
nearest representative.

When the installation check procedure has been successfully
completed, the green ON LED is continuously lit and the yellow
CHECK LED starts to flash indicating that current calibration
coefficients are being checked. This means that the brightness of
the calibrator light is being measured by LM21 and the
measurement results are compared against coefficients in the
calibrator memory.

If LM21 cannot read the coefficients from the calibrator memory,
the red FAIL LED is lit. Try to repeat the calibration procedure. If
the FAIL LED is still lit, contact Vaisala or its nearest
representative.

If step 7 was successfully completed and the calibration factors do
not need to be modified, the green DONE LED is switched on and
the CHECK LED is continuously lit. If the calibration factors need
adjustment, the CHECK LED is continuously lit and the yellow
CAL LED starts to flash for a moment to indicate that the new
calibration factors are being stored into the non-volatile memory.

If the new calibration factors were stored successfully, the
CHECK LED is switched off, the CAL LED is continuously lit
and the green DONE LED is switched on.
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11. If'the calibration fails, the CAL LED is flashing, the red FAIL
LED is switched on, and the original factors are restored to the
LM21 non-volatile memory. A notice is written into the error log of
LM21. Check that LMAZ21 is installed tightly against the LM21
window and no light is leaking into the LM21 window. Repeat the
calibration procedure. If the FAIL LED is still lit, contact Vaisala
or its nearest representative.

12. Disconnect the LMA21 field calibrator and store it in the case of
the FSA11 Visibility Calibrator Kit.

NOTE

When the calibrator is installed, the LM21 sensor is in an Alarm
(Calibrating) status.

VAISALA
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CHAPTER 7
TROUBLESHOOTING

This chapter describes common problems, their probable causes and
remedies, and provides contact information for technical support.

CAUTION This equipment should only be serviced by qualified personnel.

Error Messages

Table 11 Error Messages

Error Message Probable Cause Remedy
CPU MEMORY There is a CPU board Replace the LMB203
FAILURE failure or a memory bus |board.

failure in LMB203.
CALIBRATION FAILURE | EEPROM checksum Calibrate using LMA21,
error, configuration not | calibrate the window
valid. All parameters are |contamination

lost and have been set to | measurement and check
defaults. parameters. Replace the
LMB203 board if this
failure occurs again.

Alarms

NOTE The alarms below cause the frequency output to drop to zero.
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Table 12 Alarm Messages

Alarm Message Probable Cause Remedy

SENSOR SENSITIVITY | Sensor does not properly | Send the entire sensor to

FAILURE detect changes in the Vaisala for maintenace
illumination level

CALIBRATION LM21 is performing a No action is needed. The

PROCEDURE calibration procedure alarm will disappear

ONGOING because it has detected |when the calibrator is

the LMA21 unit

disconnected

BACKSCATTER HIGH

Backscatter signal level
increased over 90 %.
There is a disturbance in
the light path.

Clean the window and
the hood of the
measurement head

WINDOW
CONTAMINATION
ALARM

Window is dirty.

Clean the window.

WINDOW CLOGGING

ALARM

There is a disturbance in
the light path.

Remove any obstacles in
front of the window.
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Indications

VAISALA

Table 13

Indication Messages

Indication Messages

Probable Cause

Remedy

HOOD HEATER
FAILURE

Hood heater not
operational. Hood
temperature has
increased less than 2 °C
within the 90 seconds
since the heater was
turned on by the
automatic heater control
circuit.

If operated only with
battery or DC power, set
the hood heater OFF to
prevent this warning

If installed into an FS11
system, check that the
yellow LED is lit on the
interface unit power
supply board FSP. Ifitis
not, check the fuse.

Check the heating foils
visually. If there is a
black burned area on the
surface, contact Vaisala.
Check the hood
temperature from the
status message to see if
there is a hood heater
temperature sensor
failure. In case the hood
temperature is showing
irrelevant or missing
(/1) values, there is a
temperature sensor
failure. Contact Vaisala.

DEW HEATER FAILURE

Dew heater not
operational. No current
runs through the heater
element when it is on.

Open the LM21 cover
and check the
connectors of the dew
heater resistor cables. If
this does not help, sen
the entire sensor to
Vaisala for maintenance.
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Miscellaneous Problems

Table 14 Miscellaneous Problems, Causes, and Remedies

Problem Probable Cause Remedy

Data message is missing | Dialogue between LM21 | Check the cable and
and the host computer is | connections.

not operating Check the LMB203
module.

Sensor is off or out of If installed into an FS11

power system, check that the

power switch is on, the
LEDs on the FSP power
board are lit, and the
status LED on the
interface unit is blinking.
If the mains (AC) switch
is on but no LED is lit,
check the fuses on the
FSP power board and
verify the presence of a

line voltage.
Background luminance | Active alarm Check which alarm is
value missing in the (measurement value not |active and remove the
message reliable and not shown) | cause of the alarm

Technical Support

For technical questions, contact the Vaisala technical support by e-mail at
helpdesk@vaisala.com. Provide at least the following supporting
information:

- Name and model of the product in question
- Serial number of the product
- Name and location of the installation site

- Name and contact information of a technically competent person who
can provide further information on the problem.

Product Returns

If the product must be returned for service, see www.vaisala.com/returns.

For contact information of Vaisala Service Centers, see
www.vaisala.com/servicecenters.
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CHAPTER 8
TECHNICAL DATA

This chapter provides the technical data of the LM21.
Specifications

Mechanical Specifications

The Figure 9 below shows the measurements and dimensions of the
LM21.

I — A >

1410-070

Figure 9 LM21 Measurements

= Length: 142 mm

Width (with plug): 126 mm
Width (without plug): 100 mm
Height (without bracket): 137 mm
= Height (with bracket): 215 mm

DN D W N =
I
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Table 15 Mechanical Specifications

Property Description / Value

Weight 1230 g

Weight with sensor fastener 1390 g

Cable length 23 m

Cable length of LM21FD and LM21LT |4 m

Color White

Housing Aluminum, weatherproof
Mounting With a Sensor Fastener Assembly

Operational Specifications

Table 16 Operational Specifications

Property Description / Value
Measuring range 2 ...40 000 cd/m?
Measurement accuracy +/-10 %

Optical Specifications

Table 17 Optical Specifications

Property Description / Value

Spectral response 400 ... 700 nm

Peak wavelength 553 nm +/- 5 nm

Field of view 6 degrees (94 % of measured
luminance)

Effective diameter of reception lens 24 mm

Electrical Specifications

Table 18 Electrical Specifications

Property Description / Value

Connection Power/signal cable provided

Power supply 10 VDC to 38 VDC, or alternatively
8 VAC to 28 VAC, 6 W

Heater power supply 28 VAC, 50 W

Output signal RS-485 (RS-232), frequency output

Output signal frequency of LM21FD 2.0...3001.6 Hz

(corresponds to 4 ... 30 000 cd/m?)
Output signal amplitude of LM21FD 12V

Output signal max. current of LM21FD | 10 mA

Overvoltage protection Power supply lines and output lines
are protected by current limiting series
resistors and transient suppressors.
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Environmental Specifications

Table 19 Environmental Specifications

Property Description / Value
Operating temperature -55 ... +65 °C
Operating humidity 0...100 %RH

Electromagnetic Compatibility

The LM21 sensor is CE compliant. The compliance has been verified
according to the following EMC product family standards.

Table 20 LM21 CE Compliance

Verification Subject

Standard

Electrical equipment for
measurement, control and laboratory
use - EMC Requirements

IEC 61326-1: 2012-07 (Edition 2.0),

Environment class: Industrial

Electrical equipment for
measurement, control and laboratory

use - EMC Requirements

EN 61326-1: 2013-01 (Edition 2.0),
Environment class: Industrial
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