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[57] ABSTRACT 
The Airborne Infrared Transmissometer measures the 
infrared transmission between a test target aircraft and a 
detection system. A transmitter is attached to an aircraft 
and emits a calibrated infrared beam. A ground-based, 
shipborne, or airborne receiver measures the transmit 
ted signals in the exact same path between the target 
aircraft and the detection system. Data recording equip 
ment can be attached to both the transmitter and re 
ceiver to measure the associated outputs. 

8 Claims, 2 Drawing Sheets 
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AIRBORNE INFRARED TRAN SMISSOMETER 

BACKGROUND OF THE INVENTION 

The invention relates to instruments for measuring 
the atmospheric transmission along a measurement path 
and, in particular for measuring the atmospheric trans 
mission in the 3-5micrometer infrared spectral region 
between a ?ying aircraft and a ground-based, ship 
borne, or airborne infrared detection station. 

Transmissometers are devices used to measure the 
transmissivity along a speci?c path. The basic compo 
nents of a transmissometer are a transmitter and a re 
ceiver. The transmitter transmits a calibrated beam of 
electromagnetic radiation to the receiver and the output 
of the receiver is monitored to determine the degree of 
attenuation of the radiation beam. 

Transmissometers have been used in various applica 
tions such as monitoring smoke stack emissions, calcu 
lating mass concentrations, determining the visibility at 
airports, and determining infrared transmissions along 
various paths, etc. Infrared transmissometers were nor 
mally limited to performing such measurements along 
horizontal or slant paths, where the transmitter and 
receiver are stationary in position. They were incapable 
of accurately measuring the infrared atmospheric trans 
mission along a path between a flying aircraft and a 
detection station, a measurement which is of paramount 
importance to the US Government. 

It is also very important to perform such measure 
ments simultaneously with other tests being conducted 
on the test target aircraft where the system under test is 
an Infrared Search and Track (IRST) system, a For 
ward Looking Infrared (FLIR), or an infrared missile 
seeker. The importance of the subject transmissometer 
derives from the fact that when newly developed infra 
red detection systems, such as IRSTs, FLIRs or infra 
red missile seekers, are being tested against moving 
targets, the infrared transmission of the atmospheric 
path between the system under test and the test targets 
must be accurately measured. Only then can the perfor 
mance of the device being tested be fully quanti?ed. 

OBJECTS OF THE INVENTION 

An object of the invention is to accurately measure 
the atmospheric transmission in a certain infrared spec~ 
tral region in the same path between a test target air~ 
craft and a ground-based, shipborne, or airborne detec 
tion station. 
Another object of the invention is to perform such 

measurement simultaneously with other tests being con 
ducted on the test target aircraft. 

SUMMARY OF THE INVENTION 

The Airborne Infrared Transmissometer (AIRT) 
measures the atmospheric attenuation between a test 
target aircraft and a detection system, a measurement 
which was previously incapable of being performed. 
The AIRT comprises a transmitter which is attached to 
the pod station of an aircraft and a ground-based, ship 
borne, or airborne receiver. Additionally, data record 
ing equipment can be attached to both the transmitter 
and the receiver to record the associated inputs and 
outputs. The transmitter is housed in a modi?ed Elec 
tromagnetic Support System (ESS) Navy pod which is 
attached to the pod station on the test target aircraft. 
The transmitter source is a very accurately controlled 
and stable infrared lamp, which, in conjunction with 
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focusing optics. produces a calibrated radiation beam. 
The transmitted radiation beam is chopped and scanned 
azimuthally past the receiver. A Ram Air Turbine Gen 
erator provides the electrical power for the transmitter. 
The receiver is basically an infrared radiometer capa_ 

ble of measuring incident chopped radiation within a 
certain band of the electromagnetic spectrum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a depiction of the AIRT transmitter/ 
receiver geometry for a test target aircraft and a ship 
borne detection station. 

FIG. 2 shows the physical con?guration of the trans 
mitter attached to a pod station on the aircraft shown in 
FIG. 1. 
FIG. 3 shows the AIRT receiver mounted on a pan 

and-tilt tripod which can be used for the shipborne 
detection station in FIG. 1. 
FIG. 4 shows the optical con?guration of the AIRT 

receiver in FIG. 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. I is a simple depiction of the use of the AIRT 
where a shipborne IRST system is undergoing test and 
evaluation using an aircraft as a test target. The trans 
mitter 1 is attached to a pod station on the aircraft. The 
receiver 2, located on the ship, measures the transmitted 
signals in the exact same path between the aircraft and 
the ship. Since the magnitude of the transmitted signals 
is accurately known and the receiver is calibrated, the 
transmission of the atmospheric path between the air 
craft and the ship can be measured. The measurement 
can be performed simultaneously with other tests being 
conducted on the object under test, such as the IRST 3 
system, for which the aircraft serves as a target to be 
detected. 
The AIRT comprises a transmitter located on the test 

target aircraft and a ground-based, shipborne, or air 
borne receiver. Additionally, data recording equipment 
can be attached to the transmitter and receiver to re 
cord the transmitted signals of the transmitter or the 
signals received by the receiver, plus time signals. Re~ 
ferring to FIG. 2, the transmitter 1 comprises a modi?ed 
ESS Navy pod 4, a Ram Air Turbine Generator 5, an 
accurately controlled and very stable infrared reference 
source 6, a scanning parabolic mirror 7, a silicon win 
dow 8, and associated electronics. A rotating cylindri 
cal chopper 9 of the infrared source is also shown in 
FIG. 2. The cylindrical chopper 9 contains slots and 
rotates at a given frequency. The frequency and the 
number of slots can be varied so long as the rotating 
frequency multiplied by the number of slots equals 100 
Hz. Additionally, there can be a suitable magnetic tape 
recorder 10 for recording the output signal of the moni 
toring sensor, shown in block diagram form in FIG. 2. 
The monitoring signal is produced by a thermoelec 

trically cooled lead selenide cell looking directly at the 
infrared reference source 6. The infrared source 6 oper 
ates at a color temperature of 1650 degrees C. The 
infrared source 6, together with the associated optics, 
produces a calibrated radiation beam which is scanned 
along the azimuthal direction with a unidirectional per 
iod of 0.7 seconds. The cylindrical chopper 9 chops the 
infrared beam at 100 HZ. 
Once the transmitter l is mechanically attached to the 

pod station on the aircraft, no other interfacing between 
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the pod and aircraft is necessary. The Ram Air Turbine 
Generator 5 produces the required electrical power for 
the transmitter 1. The total weight of the transmitter 1 
is approximately 320 pounds. 
The infrared receiver 2 in FIG. 3 is basically an infra 

red radiometer capable of measuring incident radiation 
within a certain spectral band, provided that the radia 
tion intensity is amplitude modulated with a frequency 
of lOOiS Hz. The receiver 2 is specially con?gured to 
operate in conjunction with the infrared transmitter 1. 
For a ground-based or shipborne operation the receiver 
2 can be mounted on a pan-and-tilt tripod 24 since aim 
ing at the target is manual. Target acquisition can be 
done visually, aided by a ten degree ?eld-of-view tele 
scope 11 which is mounted on the receiver 2. The bore 
sighting lens 17 is necessary to align the detector 15 in 
FIG. 4 with the telescope 11. The entrance aperture 23 
also serves as a protective window. For an airborne 
operation, the receiver should be mounted in a suitable 
pod or turret attached to a wing of the host aircraft. 
Target acquisition in this case would have to be done 
with the help of radar or the infrared system under test. 

Referring to FIG. 4, the operation of the receiver can 
be described in the following manner. A ten inch focal 
length, ?ve inch diameter Newtonian telescope 12 is 
focused at in?nity. The secondary mirror 13 of the 
telescope is motor driven. When the secondary mirror 
13 is in the position shown by the solid lines, it reflects 
the incoming radiation through a ?eld stop and ?eld 
lens 14 onto an infrared detector 15 which is cooled by 
a liquid nitrogen dewar 16. When the secondary mirror 
13 is in the position shown by the dotted lines, it reflects 
the incoming radiation through an eyepiece lens 17 onto 
an observer. This arrangement is necessary for bore 
sighting the infrared detector 15 and its associated op 
tics with the telescope 11 shown in FIG. 3. The output 
signal of the detector 15, after ampli?cation and condi 
tioning by electronics unit 18, is obtained from four 
signal (voltage) outputs 19 via BNC connectors. These 
four outputs have one of the following gains: 1; 10; 100; 
1000. These four gains provide a greater signal dynamic 
range at all times. They ensure that the incoming infra 
red signals produced by the transmitter and processed 
by the receiver will appear with satisfactory strength 
for recording at, at the least, one of the four BNC con 
nectors. 

The only power required to operate the receiver is 
110 V, 60 Hz. The weight of the receiver is approxi— 
mately 30 pounds. Additionally, a blackbody reference 
source 20, associated optics 21, and a chopper 22 for 
convertinq the AIRT into an absolute radiometer can 
be added to the receiver. Recording of the receiver 
output signals may be done with a four-channel mag 
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4 
netic tape recorder. Alternatively, the four output sig 
nals can be multiplexed and recorded on one channel. 
What is claimed is: 
1. A device for measuring infrared radiation transmis 

sion in the changing path between a moving test target 
aircraft and a ground based, shipborne, or airborne 
detection station, comprising: 
means for transmitting a calibrated infrared beam 

from the test target aircraft; means for measuring 
infrared radiation from said means for transmitting, 
said means for measuring infrared radiation located 
on the ground-based, shipborne, or aircraft detec~ 
tion station. 

2. The device of claim 1, wherein said transmitting 
means comprises an infrared source which produces an 
infrared radiation beam, a scanning parabolic mirror 
which scans said infrared radiation beam along the azi 
muthal direction with a period of 0.7 seconds, and a 
cylindrical chopper which chops said infrared radiation 
beam at 100 Hz. 

3. The device of claim 1 wherein said means for mea 
suring comprises an infrared radiometer capable of mea 
suring incident radiation amplitude modulated with a 
frequency of 100: Hz within a certain spectral band. 

4. A device for measuring infrared radiation transmis 
sion in the moving path between a moving test target 
aircraft and a ground based, shipborne, or airborne 
detection station, comprising: 

a transmitter which produces a calibrated infrared 
radiation beam which is scanned azimuthally; 

means for providing electrical power to said transmit 
ter; 

means for receiving and measuring incident radiation 
from said transmitter located on the ground-based, 
shipborne, or airborne detection station; 

means for aligning said means for receiving and mea 
suring with said transmitter while the path between 
said transmitter and said means for receiving and 
measuring is changing; 

means for recording signals from said transmitter and 
said means for receiving and measuring. 

5. The device of claim 4 wherein said transmitter is 
encased in a modi?ed Electromagnetic Support System 
Navy pod. 

6. The device of claim 4 wherein said transmitter 
power providing means is a ram air turbine generator. 

7. The device of claim 4 wherein said receiving align 
ing means is a pan and tilt tripod which houses said 
receive. 

8. The device of claim 4 wherein said recording 
means is a magnetic tape recorder. 
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