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Instrumental complexes of aircraft–laboratories intended for sounding of the 
meteorological parameters, aerosol and gas composition of air, and underlying surface 
are considered in the paper. Intercomparison of specifications of different aircraft–
laboratories including their measuring computer complexes are given. 

 
Considerable possibilities of airborne techniques for 

investigation of the atmosphere and underlying surface 
are being increasingly employed by geophysicists from 
different countries in their routine practice. Nowadays 
there are several leads of airborne geophysical sounding. 
They differ either in the object being sounded 
(atmosphere, hydrosphere, and underlying surface) or in 
the problems to be solved, or in measuring techniques. 
Tens of different aircraft–laboratories (AL's) have been 
created. However, the information about the AL's 
published in the literature is incomplete and fragmentary 
and makes it impossible to judge the problem as a whole. 
The monographs and reviews,1–4 that have been published 
previously, have not reflected the progress made in this 
field. Therefore, this paper is devoted to the comparison 
of the state of the art of the instrumental support for 
airborne techniques for geophysical sounding according to 
the data that have been published in the literature. 

 

CLASSIFICATION OF THE AIRCRAFT–

LABORATORIES 
 

Several attempts to divide the aircraft–laboratories 
into types were undertaken in Refs. 3–7. In Refs. 3–5 
the AL's were separated into universal, specialized, 
highly–specialized, and weather reconnaissance ones. In 
Refs. 8–9 the AL's for weather modification were 
additionally selected. Evidently, such a classification 
reflects only the problems to be solved by the AL's. 

In our opinion, the sounding techniques used in 
airborne instrumentation complexes are no less important 
for classification of the AL's. The type of the aircraft–
laboratory can change depending on the measuring 
technique when solving the same scientific problems. For 
example, the aircraft–laboratory intended for the 
determination of the aerosol composition of air can be 
equipped by both contact and remote sounding means. 
However, the AL's of the first and second types will 
differ not only in the composition and mounting 
peculiarities of the instrumentation, but also in the 
regime of flight. 

In this connection we propose the division of the 
aircraft–laboratories into the following types. The 
specialized AL's, which are generally intended for the 
technological purposes and are far from the considered 
leads by their purpose and equipment, can be selected in 
a separate class. Such AL's were developed at the Flight 
Research Institute (FRI) of the State Scientific–Research 
Institute of Civil Aviation and other institutions for 
testing aircrafts, their individual units, etc. For example, 
the TU–154 aircraft–laboratory developed at the FRI 
was used for elaboration of the automated landing system  

of the BURAN shuttle spacecraft. Because this class of 
the AL's is far from the subject of this review, we will 
not further return to it. 

The rest of the geophysical aircraft–laboratories can 
be divided into two groups by the character of the 
problems to be solved. The first group comprises the AL's 
intended for sounding of the underlying surface, the 
second – the AL's for the determination of various 
characteristics of the atmosphere. In each group we can 
distinguish several types of the AL's depending on the 
employed methods. 

The first group comprises the AL's which use the 
natural optical, IR, and γ–radiation of the underlying 
surface. One can judge the characteristics of the 
underlying surface by the intensity and the spectrum of 
the selected radiation. 

For the first time the aerophotography 
instrumentation operating in the optical spectral range 
has been used in this group of the AL's. Today this type 
of airborne sounding has been placed in commercial 
operation: corresponding enterprises and special–purpose 
AN–30 aircrafts have been created. The introduction of 
multispectral aerophotography became a logical 
elaboration of this type of the AL's. It made it possible 
not only to produce a map of the region, but also to tax 
forests, to detect tracts of diseased plants, to identify the 
oil films, etc.8 A small series of the TU–134 SH AL's was 
produced to implement this type of the aerophotography. 

The spectrophotometric and radiometric aircraft–
laboratories,9–13 whose instrumental complexes operate in 
the optical and IR wavelength ranges, are related to the 
second type of the AL's. They are intended to image the 
underlying surface in different spectral ranges in real 
time. A complex of applied problems including the 
determination of the radiative surface temperature is 
solved on the basis of the obtained data. 

The aircraft–laboratories of the third type equipped 
with the instrumentation for γ–photography, which use 
the passive remote measuring techniques, are also related 
to the two above–described types of the AL's. With 
corresponding data processing such aircraft–laboratories 
are capable of determining not only the radioactive 
contamination of the region, but also the snow and water 
capacity of the inspected regions. 

Later the aircraft–laboratories, which also could be 
related to this type, were equipped with active means for 
sounding of the underlying surface. Among these were 
nonmeteorological radars (meteorological ones appeared 
onboard the aircrafts much earlier) and lidars.15–17 The 
AL's of this type are capable of determining the water 
capacity of the upper layer of the soil, the turbidity and 
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the height of the waves of the ocean, the height of trees, 
the presence of pollution on the underlying surface, etc. 

The common property of this type of the aircraft–
laboratories is that all their measuring complexes are 
directed in the nadir and, as a rule, do not carry out the 
measurements at the flight altitude. 

Let us relate the AL's intended for the study of the 
atmosphere irrespective of the employed measuring 
techniques to the second group of the aircraft–
laboratories. All variety of such AL's can be divided into 
three types. The first type comprises the aircraft–
laboratories equipped with contact sensors (they were 
historically the first). The second type comprises the 
aircraft–laboratories which implement active and passive 
remote methods. And the third type comprises the AL's 
with the combined equipment. They have made their 
appearance in the last decades. These AL's have both 
contact and remote measurement means. The specific 
application of the AL of any of these three types can be 
different. It can be intended for weather reconnaissance, 
cloud investigation, weather modification, study of 
typhoons and volcanic eruptions, etc. 

 
SPECIFICATIONS OF THE AIRCRAFTS INTENDED 

FOR THE DEVELOPMENT OF THE AIRCRAFT–

LABORATORIES 

 
The performance of the AL depends not only on the 

specifications of its scientific instrumentation, but also on 
the quality of the aircraft carrying this instrumentation. 
When creating the aircraft–laboratory, after 
determination of the class of problems to be solved, it is 
necessary to select the type of the carrier which provides 
for their solution. 

The most important specifications of the carrier, 
which must be taken into account first of all, are the time 
and range of flight, which determine the range of action 
of the AL, and minimum and maximum flight altitudes 
which determine the altitude range of the AL operation 
and, correspondingly, the class of problems to be solved. 
For example, the γ–photography requires the flight 
altitude as low as possible,14 but the stratospheric 
investigations, on the other hand, require the maximum 
altitude. 

When selecting the carrier, the cruising and working 
(during the course of sounding) speeds of the aircraft are 
taken into account. It is important for setting up the 
experimental procedure. Thus, for a fixed bit rate 
onboard the AL, the less is the working speed of the 
aircraft, the higher is the spatial resolution. The increase 
of the frequency of measurement of the AL increases the 
number of technical problems which must be solved for 
carrying out in situ contact measurements. First of all, 
they are the problems of extreme heat of the temperature 
sensors due to the complete deceleration of air, fulfilment 
of the isokinetic condition of air sampling, and protection 
of sensors from mechanical damage in the forward flow. 

The aircraft power supply, load–carrying capacity, 
rent, tightness, volume and comfort of the cabin, and the 
presence of the design elements which provide for 
mounting the scientific instrumentation are very 
important for the selection of the carrier. 

At present more than 50 types of carriers have been 
utilized all over the world beginning with gliders and 
single–engine piston aircrafts and ending with large 
transport jet air–liners of last generation. The 
specifications of the most part of these carriers are 
summarized in Table I. In addition to the carriers listed 
in Table I, the AL's have been developed on the basis of 

the B–23, B–707, B–727, B–747, C–90, C–131, C–160, 
Dornier–128, ND–34, T–28, and MB–57F (WB–57F) 
aircrafts. However, the specifications of these aircrafts 
have not been reported. 

Summarizing the foregoing prior to the analysis of 
the data of Table I it should be noted that in the ideal 
case the development of the aircraft–laboratory requires 
the aircraft which can fly for a long time and 
correspondingly has a long range of action, can fly at an 
altitude of several tens of meters and climb to the 
stratosphere. It must be economic and inexpensive, its 
cabin must be comfortable and large, and its cruising 
speed must be high while its working speed low. The 
glider must be quite handy for mounting the 
instrumentation. 

The AN–12, AN–30, C–130, CV–990, DC–6,  
DC–7, DC–8, IL–14, IL–18, L–188 Electra, and WP–
3D Orion aircrafts are ideally suited to the enumerated 
requirements. Judging by the references, they were most 
often utilized for development of the aircraft–
laboratories. 

The development of the AL's on the basis of such 
carriers as AN–2, Cessna–206, and L–200 was hardly 
effective. Usually such aircrafts are used due to low rent 
and simplicity of mounting the nonstandard equipment. 
As a rule, they are utilized provisionally. For example, 
the AL of the West Siberian Regional Scientific–Research 
Institute of Hydrology and Meteorology (RSRIHM) on 
the basis of the AN–2 aircraft operated only one year and 
was intended for investigation of the turbulence in the 
boundary atmospheric layer.18 

Only one specification of the carrier is important for 
some problems. Thus in the study of the stratosphere we 
must raise instrumentation as high as possible. This 
dictates the utilization of such aircrafts as ER(U–2),  
F–106, and IL–28.  

 
PLACEMENT OF THE INSTRUMENTATION 

ONBOARD THE AIRCRAFT–LABORATORY 
 

The peculiarity of the airborne measuring technique 
is that the devices placed onboard or outside of the AL 
must operate under extreme conditions of intense 
vibrations, large temperature and humidity gradients 
(especially in winter), high rates of air flow around the 
sensors, g–load caused by the turbulence, precipitation, 
icing, and intense pickup from the standard equipment. 

Three variants of the placement of the scientific 
instrumentation onboard the aircraft are possible 
depending on their application. These variants take into 
account the enumerated problems. 

Usually the control and recording instrumentation 
and secondary converters are positioned in the aircraft 
cabin on special tables and racks which provide their fast 
and reliable fastening to the aircraft construction and 
creates no problems.19 The sole exception is the problem 
of protection from vibrations, since even in the places 
most distant from the engine the vibrations are rare less 
than 0.1–0.2 mm (see Ref. 20). This problem is partially 
solved by using dampers (thereby weakening the effect of 
vibrations by a factor of 1.5–2), plugs, and connectors. It 
is natural that the placement of the instrumentation along 
the cabin should be made on account of position of the 
center of gravity. 

The second variant of the placement of the 
equipment is connected with the need to bring the laser 
beam in and out of the aircraft when using the active and 
passive remote sensing means. As in the first case, the 
receiving and transmitting units of these devices are  
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TABLE I. Specifications of the aircraft–carriers of scientific instrumentation. 

 

Aircraft
 
 Engine

 
type

Number 
of engines 

Speed,
 
km/h

Maximum 
altitude, m

Flight 
time, h 

Flight 
range, km 

Fuel 
consumption 

Cost of one–
hour flight 

1 2 3 4 5 6 7 8 9 
AN–2 P 1 250/200 4300 4 750 – 500 roubles* 
AN–12 T 4 600/550 9700 6.5 3500 – 3000 roubles* 
AN–24 T 2 500/450 9000 5.5 2200 – 1500 roubles* 
AN–26 T 2 500/300 8600 6 2800 550 1500 roubles* 
AN–30 T 2 450/250 8100 6 2700 500 1500 roubles* 
B–737 J 2 960/420 10000 6 3800 – – 

C–130 T 4 550/– 11000 12 5500 1820 $ 1800 
Caravelle–116 J 2 825/700 12000 5.5 3500 – – 

Cessna–206 T 1 320/290 8000 4 1200 – – 

Cessna–404 P 2 420/370 8000 6 1800 – – 

Cheyenne–400 P – 580/– – 7 3500 230 $ 350 
CV–990 J 4 950/– 13500 7 4800 – – 

DC–6 P 4 580/360 6000 12 7900 – – 

DC–7 P 4 450/– 7000 24 9000 – – 

DC–8 J 4 850/– 10000 12 11000 4800 $ 5400 
Dornier–28 P 2 280/– 8900 7 1700 – – 

Dornier–228 T 2 430/320 9000 – – – – 

ER–2 (U–2) J 1 970/– 22000 – – – – 

Falcon–E J 2 920/850 – 6 3500 – – 

Fokker–27 T 2 500/– 9200 6 2000 – – 

F–106 J 1 2300/– 16000 2.5 2400 – – 

Gulfstream–IY J 2 850/– 13100 9 6300 1120 $ 1200 
IL–14 P 2 400/200 7000 10 3200 360 470 roubles** 
IL–18 T 4 685/300 13000 12 5000 800 2800 roubles* 
IL–28 J 2 900/700 16500 4.5 2500 – – 

IL–76 J 4 900/850 13000 11.5 4800 7200 9000 roubles* 
King Air T 2 450/400 8500 7 2300 – – 

KC–135A J 4 630/– 12000 9 – – – 

L–188 Electra T 4 580/– 9500 11 4500 1820 $ 1800 
L–200 P 2 310/280 5000 5.5 1700 – – 

Learjet–36A J 2 800/– 15000 8 5000 490 $ 700 
Queen Air P 2 400/300 9000 6.5 2300 – – 

Saberliner J 2 720/– 15000 4 2200 820 $ 700 
TU–16 J 2 1000/800 13000 8 6400 – – 

TU–104 J 2 1000/800 13000 6.5 4200 3400 – 

TU–134 J 2 800/650 13000 4.5 2400 – 2400 roubles* 
TU–154 J 3 1000/900 13000 6.5 5000 – 3600 roubles* 
Twin Otter T 2 300/240 3000 4.5 1300 – – 

WP–30 Orion T 4 580/360 12000 18 6600 2045 $ 1800 
WC–130B T 4 600/480 12000 11 – – – 

YAK–40 J 3 750/600 12000 4.5 2000 – 1600 roubles* 
 

Note: Lack of information (dash), piston–type engine (P), turbo–prop engine (T), jet engine (J), * and ** stand for the price 
of 1991 and 1988, and 250/200 stands for cruising speed/working speed (during the course of sounding). 

 
 



4   Atmos. Oceanic Opt.  /January  1993/  Vol. 6,  No. 1 B.D. Belan 
 

 

placed in the cabin in front of the hatches providing the 
passage of the radiation being measured. In addition to 
the above–indicated measures of protection from 
vibrations, the problems arise connected with the changes 
to the construction.19 The size of the hatches allows no 
cut off or distortion of the field of view or of the 
directional pattern of the receivers. At the same time, the 
hatches must protect the instrumentation and the 
experimenter from the atmospheric effects and allow no 
reduction in the strength of the glider construction. These 
questions are easiest to solve in the specially elaborated 
AN–30 and TU–134 SH aircrafts or in the nonhermetic 
AN–2 and IL–14 aircrafts equipped with the standard 
glazed or open (unglazed) hatches. In this case the 
problem of the installation of the equipment reduces to 
the development of the means of fastening, to the change 
of the existing windows by the required ones or to the 
creation of the hermetic containers enclosing the 
instrumentation placed above the open hatches in the case 
of the hermetic cabin. The creation of additional hatches 
in available gliders involves significantly hard elaboration 
of the aircraft and its testing which is possible only in the 
industrial conditions. 

The third variant of the placement of the equipment 
onboard the aircraft is caused by the need of placing 
various sensors and fairings outside the aircraft. For 
solving this question it is necessary to consider two 
things, namely, suitable placement of the sensors on the 
aircraft covering and keeping the tightness of the cabin at 
its integrity. The first is connected with the 
neutralization of the turbidity effect of the medium and 
of the aircraft itself on the measurement results, the 
second is determined by the flight safety. 

The suitable placement of the sensors must take into 
account the aerodynamic characteristics of the aircraft 
hull. Thus, the study of readings of the temperature 
sensors placed in different parts of the IL–14 aircraft, 
performed by the scientists from the Central Aerological 
Observatory (CAO), showed that for the sensors placed 
in front of the propellers, in spite of the considerable 
distance between them (up to 6 m) and the wide range of 
variation of their distances from the covering 
(10...80 cm), the difference between the readings was no 
more than +0.03...0.05°C, i.e., the measurement error.21 
For the sensors placed behind the propellers the 
difference between the readings exceeded +0.2...0.3°C, 
which was greater than the measurement error. 

Mounting of the remote sensing means placed 
outside the hull is related to the third variant. An 
example of such a mounting is the radars enclosed in the 
containers, which have the shape of the suspended fuel 
tanks, and mounted on the pylons of the TU–134 SH 
aircraft–laboratory.19 

As a rule, the aircraft–laboratories are unique, in 
rare cases there may be two or three copies. In addition, 
the initial problems to be solved can change with time. 
For these reasons it is desirable for the AL to provide 
rapid change of the equipment in order to eliminate 
demurrages of the AL. This imposes some requirements on 
the constructional features of the instrumentation. For 
example, the same containers for the remote sensing 
instruments have the modular structure for a long time.22 

It makes it possible to change easily the instrumentation 
composition, to adjust and test it in the field rather than 
in industrial conditions. 

Thus, all changes during mounting of the scientific 
equipment when creating the aircraft–laboratory are 
related only to the inner and external parts of the hull. 
All standard systems of power supply, communication,  

life–support, navigation, etc. remain unchanged or 
improve during the mounting process. 

 
SCIENTIFIC INSTRUMENTATION COMPLEXES OF 

THE AIRCRAFT–LABORATORIES 

 
Although the selection of the specifications of the 

carrier and the peculiarities of the placement of the 
research instrumentation onboard the AL's are important, 
the efficiency of using the aircraft–laboratories is 
determined primarily by the composition of devices and 
by the employed measuring methods. 

In Refs. 3 and 4 the complex of the AL scientific 
instrumentation is divided into the following groups 
according to the functional capabilities: 

– airborne devices for measuring the physical 
characteristics of the environment (primary converters or 
sensors), 

– means of recording and control of the sensor 
operation (secondary converters), 

– airborne systems of data recording and processing, 
– aerophotography and TV instrumentation, 
– additional navigation and pilot equipment, and 
– auxiliary equipment. 
In its turn according to the application, the 

measuring complexes are divided into the following 
groups3,4: 

– thermodynamic devices for measuring the mean 
values and the fluctuations of the meteorological 
parameters (pressure, temperature, humidity, and wind 
speed and direction) at the flight altitude, 

– cloud measuring devices for the study of the 
microstructure of clouds and precipitation, 

– radars and lidars, 
– radiative actinometric devices, 
– electrometric devices intended for measuring the 

atmospheric electric field strength, the aircraft charge, 
etc., and 

– gas analyzers. 
However, since the publication of these reviews the 

interests of geophysicists have been essentially changed, 
and consequently the orientation of the experiments and 
the instrumental base have been changed too. First of all, 
it is related to the following groups. 

Instead of the devices intended for the study of 
clouds it is more appropriate to say about aerosol 
complexes, since solving the problems of atmospheric 
optics and monitoring of pollution resulted in the fact 
that the most part of the airborne experiments is carried 
out under clear air conditions. As a result, photoelectric 
counters, electrostatic analyzers, and diffusion batteries, 
which expand the range of the measurable particle size 
toward smaller size (1–3 nm), came into being onboard 
the AL's. Thus, the cloud measuring devices are included 
into the aerosol complexes. 

The progress in the development of the airborne laser 
radar and radar techniques resulted in their formation 
into the independent leads. The investigation was 
performed with the use of special aircraft–laboratories. 
At present there are the AL's which are equipped only by 
one kind of the active sensing systems, for example, the 
IL–18 AL's of the Institute of Radio Electronics (IRE) of 
the Russian Academy of Sciences23 use several radar 
complexes, but the NASA F–106 aircraft–laboratory has 
only one lidar.15 So, it is expedient to divide this group 
into two individual groups. 

The same is related to the radiative actinometric 
group. In recent years the instrumentation for radiative 
and microwave measurements has been intensively  



 

 

 
 

TABLE II. Summary table of measuring systems used onboard the aircraft–laboratories. 
 

System
 
 Type

 
 

DC–

6 
WC– 
130B 

KC–

135
CV–

990
L–
188

WP
–3D

Sabre-
liner

Queen 
Air 

C–

130
DC–

7 
YAK
– 40

Cessna
– 202

C– 
131A 

King 
Air

ER–
2 

DC
–8

Caravelle 
116 

Fal-
con

Twin 
Otter

Cessn
a 404

FSRC 
CAO

IL–14 
MGO

IL–18 
DOR

AN–30 
IAO 

Navigation Inertial + + + + + + + + + + + + + + + + + + + + + + + + 

system DISS + + + + + + – – + + + u u u u + u u + + + + + + 

 OMEGA + + – – – + – – + + – u u u u + u u – – – – + – 

Meteorologi-
cal system 

Mean 
parameters 

 
+ 

 
+ 

 
+ 

 
+ 

 
+

 
+ 

 
+ 

 
+ 

 
+

 
+ 

 
+ 

 
+ 

 
+ 

 
+ 

 
+ 

 
+

 
+ 

 
+ 

 
+ 

 
+ 

 
+ 

 
+ 

 
+ 

 
+ 

 Fluctuations + – – – + + – + + – – + – – – – – + + – + + – + 

Aerosol Clouds + + – – + + + – + – + – + – – – – – – – + + – – 

complex Water content + + – – + + + + + + + – – – – – – – – – + + – – 

 Clear 
atmosphere 

 
+ 

 
– 

 
– 

 
– 

 
+

 
+ 

 
– 

 
+ 

 
+

 
– 

 
– 

 
+ 

 
+ 

 
+ 

 
+ 

 
+

 
+ 

 
– 

 
– 

 
– 

 
+ 

 
– 

 
– 

 
+ 

Gas–analysis 
complex 

Gas analyzers – – – + + + – + + – – + + + + – + – + + + – – + 

 Gas 
chromatograph 

 
– 

 
– 

 
– 

 
– 

 
+

 
+ 

 
– 

 
– 

 
+

 
– 

 
– 

 
– 

 
+ 

 
– 

 
+ 

 
+

 
+ 

 
– 

 
– 

 
– 

 
– 

 
– 

 
– 

 
+ 

 Total content – – – – – – – – – – – – – – – + + – – – – – – – 

Radiometer 
(microwave)

  
+ 

 
– 

 
– 

 
+ 

 
+

 
+ 

 
– 

 
+ 

 
+

 
+ 

 
– 

 
– 

 
– 

 
– 

 
+ 

 
–

 
– 

 
– 

 
– 

 
+ 

 
+ 

 
+ 

 
+ 

 
+ 

Optical 
Complex 

  
– 

 
– 

 
– 

 
+ 

 
–

 
+ 

 
– 

 
+ 

 
–

 
– 

 
+ 

 
+ 

 
+ 

 
– 

 
+ 

 
+

 
+ 

 
– 

 
– 

 
– 

 
+ 

 
+ 

 
+ 

 
+ 

Lidar  – – – + + – – – – – – – – – – + – – – – – – + + 

Actinometer  + + – + + + + – + + – – + + + – – – + – + + + – 

Electrometer  – – – – – – – – – – – – – – – – – – – – + + + + 

Recording 
system 
(computer) 

  
+ 

 
+ 

 
u 

 
+ 

 
+

 
+ 

 
u 

 
u 

 
u 

 
u 

 
+ 

 
u 

 
+ 

 
u 

 
u 

 
u 

 
u 

 
u 

 
u 

 
u 

 
+ 

 
+ 

 
+ 

 
+ 

 
Note: Here u means unspecified. 
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developed, while the actinometric devices have been 
slightly modified. The radiative sensing has become an 
individual lead24 along with radar and laser radar 
techniques. 

A group of devices, which has been increasingly 
employed onboard the AL's in recent years, is lacking in 
the proposed classification. 

These are the devices intended for measuring the 
optical parameters of air: nephelometers capable of 
determining the aerosol extinction coefficient, mass 
concentration of suspended substances, and visual range; 
spectrophotometers capable of measuring the optical 
depth of air column in different wavelength ranges; and, 
the transparency meters. 

Therefore, at present the classification reported in 
Refs. 3 and 4 must be supplemented and refined. 

The data on the various measuring systems placed 
onboard the aircraft–laboratories, which have been most 
intensively employed and are now in use, are summarized 
in Table II. 

It follows from Table II that there is not any 
aircraft–laboratory, even the most universal one which 
includes all the types of the measuring systems. Even the 
Flight Center of the Central Aerological Observatory 
(CAO) with the instrumentation of all its aircraft–
laboratories has not all possible systems. Each concrete 
CAO aircraft–laboratory has much smaller number of 
sensors and devices. This number is determined by the 
character of the experiment.25 

From the complexes tabulated in Table II the NASA 
L–188 Electra,26–29 NOAA WP–3D Orion,30 and C–130 
(England)31–32 have the largest number of devices. The 

Optik–1 E' M AN–30 aircraft–laboratory of the Institute 
of Atmospheric Optics (IAO) of the Siberian Branch of 
the Russian Academy of Sciences33 approaches them in 
the number of systems. The other aircraft–laboratories 
are equipped by the smaller number of devices reflecting 
their specialization. 

However, two systems are included in all the AL's 
tabulated in Table II. They are the inertial navigation 
system and the meteorological system capable of 
measuring the mean values of the meteorological 
parameters. Generally speaking, the aircraft cannot fly 
without the first system. The correct interpretation of the 
data is impossible without the second system irrespective 
of the problems being solved. It is no mere chance that 
the parameters measured by these systems are included in 
the list of the basic parameters recommended by the 
World Meteorological Organization (WMO) for both 
multipurpose and specialized aircraft–laboratories.34,35  

There are relatively few aircraft–laboratories 
equipped by lidars in Table II. To be precise, it should be 
noted that only standard lidars are summarized in the 
table. Actually, there are much larger number of lidars, 
but they are used, as a rule, in individual experiments, or 
are placed onboard the aircraft without any other 
scientific instruments, and it is unlikely to say about the 
aircraft–laboratory. 

Let us briefly analyze the devices included in the 
enumerated systems. 

 
PILOT AND NAVIGATION EQUIPMENT 

 
The LTN–51 or LTN–72 inertial navigation systems 

are placed onboard all the foreign long–range AL's.36 
These systems are capable of measuring and double 
integrating the linear and angular accelerations of an 
aircraft and using these data as a base of calculating the  

ground speed, drift angle, and dead reckoning as well as 
of measuring and differentiating the pitch, bank, and 
course angles. The systems include computers which 
continuously generate the running aircraft coordinates 
and the navigation data for guiding the aircraft to the 
preselected eight stations on the route. The OMEGA 
radionavigation system is placed onboard some AL's in 
order to correct the errors (1.5 km/h) of an inertial 
navigation system accumulated during many–hour flights. 
This system uses the phase method of measuring the 
coordinates by means of three transmitting stations 
operating in the frequency range 10.2–13.6 kHz. In this 
case the accuracy of determining the coordinates reaches 
0.1 km. The GPS NAVSTAR system has been tested 
onboard the foreign AL's in the last few years. This 
system uses the satellite referencing and is capable of 
determining the horizontal coordinates to an accuracy of 
5–25 m and the flight altitude to an accuracy of ~ 15 m 
(see Ref. 37). 

The standard navigation system without computer is 
usually used onboard the domestic AL's. Therefore, the 
location of the aircraft is determined much more roughly 
with this system. The system for determining the aircraft 
coordinates by the KVITOK satellite has been developed 
and used in the last few years. However, we could not 
find the data on its specifications in the available 
literature. 

As a rule, the aircraft–laboratories are equipped 
with the Doppler radars for measuring the ground speed 
and the drift angle. Domestic aircraft–laboratories are 
equipped with the DISS Doppler radars for drift velocity 
measuring. Abroad the Decca–Navigator systems are 
used. The data of the Doppler radars are used for 
determining the aircraft location and calculating the wind 
speed and direction.38 

In the AL's with airborne recording systems the 
navigation characteristics are stored on the external 
information medium simultaneously with the physical 
parameters. Further it makes the data processing 
essentially easier. 

 

GAUGES OF THE METEOROLOGICAL 

PARAMETERS 
 

As has already been noted above, all the aircraft–
laboratories have meteorological systems. They use both 
unified devices and experimental models. 

Airborne measurements of total and static pressure 
are carried out by means of air pressure gauges (APG's) 
fabricated in the form of the Pitot tubes and loaded on a 
barochamber.39 As a rule, each aircraft has several APG's 
to compensate for spoiling the flow around the hull while 
manoeuvring. The APG's on the domestic aircrafts are 
loaded on the standard pressure gauges with instrumental 
compensation for the temperature deviations in 
accordance with the model of the standard atmosphere.39 
The system terminates in an indicator. The error in 
measuring the pressure by the domestic systems5 is 1–
2 mbar. Almost all the foreign AL's have the Rosemount 
Inc. gauges installed after the APG's. Their secondary 
converters are connected with an airborne computer 
performing averaging of the data which are then used in 
all calculations. 

Pressure is determined with an error of 0.5–1 mbar 
depending on the type of the gauge. 

The main type of the temperature gauges used in 
modern AL's is the eddy–proof resistance thermometers. 
The Rosemount Inc. platinum gauges are placed onboard 
the Electra,26–29 WP–3D,30 Falcon,32 and some other  
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aircrafts. They make it possible to measure temperature 
with an error of 0.5–1°. Sometimes thermistors are used, 
for example, the YSI/MPI gauge onboard the Cessna–
206 AL.40 The serial airborne gauges of temperature were 
not produced in the former USSR. Therefore, the 
domestic AL's use the experimental models. The CAO 
electrometeorograph placed onboard several AL's of the 
State Commitee on Hydrology and Meteorology (SCHM) 
is most widely used.41 It is capable of measuring the 
temperature in the range –70...+50°C with an error of 
±0.4°C. The standard airborne gauges give an error of no 
less than 2°, according to the data reported in Ref. 42. 

The condensation hygrometers or dew–point 
hygrometers, or more rarely hygristors are used onboard 
the foreign aircraft–laboratories for measuring air 
humidity. Individual AL's have two or three gauges of 
different types. The Falcon43 AL has the Vaisala HMP–
11 hygristor and the Normalair Garrat IDO–1 βLR 
Electronic Research Corp. condensation hygrometers. It 
could be specially noted that foreign industry offers a 
broad assortment of hygrometers to the scientists. The 
EG86 gauge is placed onboard the Sabreliner44 and 
Cessna–404 Al's.45 The Cambridge System–137 
hygrometer46 is used onboard the Queen Air AL. The 
WP–32 AL uses the General Eastern Inc. hygrometer.47 
The Lyman–α optical hygrometers of the UV range have 
been widely used onboard the foreign aircraft–
laboratories in the last few years. They are placed 
onboard the Electra,26 Cessna–404 (as a second device45), 
and Sabreliner36 AL's. Hygristors are used onboard the 
Queen Air (Germany)48 and L–200V49 Al's. The 
measurement error of the above dew–point hygrometers is 
0.5–1° with a time constant of 2–3 s. In addition to the 
hygrometers, many foreign AL's use the devices measuring 
the fluctuation of the air refractive index. They are 
microwave radio refractometers used for obtaining the 
data on humidity pulsations. 

In the former USSR, in contrast to the foreign 
countries, the problem of measuring the humidity has not 
yet been solved. Most frequently in the domestic AL's the 
relative–humidity gauge, in which the animal tissue is 
used, is taken from radiosondes. But such a gauge has low 
sensitivity at negative temperatures.41 Therefore, the AL's 
use, as a rule, the experimental complexes or the 
laboratory instruments, for example, the Volna or GS–
210 hyghometers onboard the IL–14 aircraft of the Main 
Geophysical Observatory (MGO). And obviously they 
will not be improved in the nearest future. 

According to the data summed up in Ref. 3, the 
NCAR Gust Probe system was used previously onboard 
the L–188, WP–3D, Sabreliner, Queen Air, and C–130 
aircraft–laboratories for measuring the turbulent 
characteristics. This system includes the sensors of 
acceleration and instantaneous angles of attack and slip of 
an incoming flow (spring–loaded or unloaded wind 
vanes) and gauges of the total and static pressure, 
temperature, and air refractive index. All sensors are 
mounted on a special rod placed ahead of the aircraft in 
the zone of the unperturbed flow. The exceptions are the 
acceleration sensors placed inside the rod. The system has 
its own computer which receives the data from its own 
sensors and the sensors of pilot and navigation complex: 
gyrovertical, heading gyroscope, inertial or Doppler radar 
navigation system, and pressure gauges. The Gust Probe 
system was capable of recording the fluctuations of all 
wind velocity components, temperature, and humidity in 
the frequency range 0.02–10 Hz. Later this system was  

replaced by modern systems, namely, the DISA Triaxial 
R91 system used onboard the Falcon27 and Rosemount 
Inc. system used onboard the Sabreliner.44 The domestic 
AL's use the experimental models, for example, the ASTA 
system is used at the Flight Research Center of the 
Central Aerological Observatory4,5 (FRS CAO) and the 
TUZ–1 and BORT–1 systems –– onboard the MGO IL–
14.50 These complexes are capable of extending the 
frequency range of recording up to 100 Hz and to increase 
the accuracy of measurement of the fluctuations of the 
meteorological parameters.  

The wind speed and direction are determined 
onboard the AL by calculational method which use the 
aircraft itself as a source of data.51 It follows from the 
analysis of the velocity field of the flying aircraft that its 
velocity vector relative to the air mass (true air velocity 
V) and the velocity vector of the air mass relative to the 
ground (v) add up to the aircraft velocity relative to the 
ground (w – ground velocity), according to the principle 
of the so–called navigation triangle. Various methods are 
used for measuring the air velocity V of the aircraft. 
Nevertheless, both foreign and domestic AL's use the 
manometric method,52,53 which requires the correction of 
the measured value for the air compressibility. As has 
already been noted above, the ground velocity w is 
measured onboard both domestic and foreign aircrafts by 
means of the Doppler systems.38 The vector v is easily 
calculated from the known magnitudes of V and w. The 
available accuracy of the determination of the wind 
characteristics depends primarily on the type of the 
employed pilot navigation equipment and ranges from 
0.05 to 2° for the direction and from 0.01 to 3 m/s for 
the speed.5,54 

 

AEROSOL COMPLEXES 

 

As a rule, airborne complexes for investigating the 
atmospheric aerosol include a number of devices capable 
of measuring the mass concentration and the number 
density of aerosol particles, their chemical and dispersed 
composition, and morphology both under cloudy and 
clear–air conditions. To do this, one use both routine 
devices and various samplers which require subsequent 
laboratory analysis. We consider here only the most 
frequently used devices disregarding the correctness of 
airborne sampling since it is a problem of special 
comprehensive review. 

The foreign AL's use, as a rule, the ASASP, ASSP, and 
FSSP photoelectric counters of different modifications in order 
to measure the number density and dispersed composition of 
aerosol particles (outside of clouds). The counters of this series 
are placed onboard the Queen Air,34 WP–3D,30 C–130,31 and 
Fokker–27.55 The production of such devices developed 
abroad makes it possible to use the other devices onboard the 
AL's. So, the TSI–3030 and Royco–218 counters were used 
onboard the Cessna–206,46 Mee Inc. counters were used 
onboard the DC–6,34 and RION KC–01 counters were used 
onboard the Cessna–404.45 The AZ–5 counter or its 
modifications are typically used onboard the domestic AL's.41  

Various samplers capable of depositing the aerosol 
on filters or substrates for subsequent laboratory analysis 
are placed onboard the AL to determine the chemical 
composition and the morphology of particles. As a rule, 
all these devices are the experimental models and are 
unique or produced in several copies. The AFA–VP, HA, 
and HP filters of different size made of the FPP–15  
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textile are most often used onboard the domestic AL's. 
The Nylon, Millipore, and Whatman 40 and 41 textiles 
are used abroad. The best analytical methods are used for 
their laboratory analysis. 

A start of the airborne investigations of aerosol has 
been made from clouds. Therefore, the large number of 
various devices have been developed for these purposes at 
present.41 However, there is a leader in this area. This is 
the Particle Measurement System (PMS) firm (USA). The 
systems of this firm are placed onboard almost all foreign 
AL's. Since the PMS complex includes several devices, 
this system solves completely the problem of measuring 
the aerosol dispersed composition in the particle size 
range 3...4500 μm. 

The domestic AL's use primarily the experimental 

equipment. Among these are the Aspect 10 and 11, Ae'lita 
developed at the Institute of Experimental Meteorology 
(IEM),41 IRCH, Aragats–751M, and Aerosol developed 
at the High–Mountain Geophysical Institute (HMGI).25 

Measurement of condensation nuclei and ice crystals 
is of great importance for investigating the cloud aerosol. 
The Rich–100 (Cessna–206),34 General Electric 112L 
(WP–3D),30 Johnson–Williams (C–130),31 UW–IPC 
(C–131A),57 SALA–2 (YAK–40),25 and Kristall (YAK–40)58 
counters are used for this purpose. 

Water content is an important characteristic of the 
cloud physics. Several methods have been developed to 
measure it. They are thermoelectric,59 optical,60 
gravimetric,61 freezing,62 radiometric,41 and capillary63 
methods as well as the method based on the cloud droplet 
spectrum measurement.62 However, the hot wire method 
based on measuring the heat required for the evaporation 
of the water being deposited on the wire is most widely 
used. This method is employed in the Johnson–Williams 
water–content gauge produced by the Cloud Technology 
Corporation (USA). This sensor is placed onboard almost 
all foreign AL's. The Sabreliner,36 which uses the PMS–
King gauge, is an exception. Though the Johnson–
Williams gauge has low accuracy and sensitivity 
(0.2...6 g/m3) it is simple, reliable, and serial. The 
DIVO–1, 1L, 3, and 3L water content gauges developed 
by I.V. Molokanov from the HMGT are also based on the 
hot wire method.41 These gauges have a threshold 
sensitivity of 0.003 g/m3 and an error of 10%. The CAO 
SEIV–3 water content and cloud water content gauges 
are also based on this method. These gauges are placed 
onboard several AL's of the Russian Commitee on 
Hydrology and Meteorology (RCHM).4,25,50,58  

 
GAS ANALYSIS COMPLEXES 

 
The aircraft investigation of the gas composition has 

long been in use. But this type of sensing has been 
intensively developed in the last 15–20 years in 
connection with the problems of air pollution, climate 
change due to the green–house effect, effects of the 
formation of ozone holes over the poles, etc. Therefore, 
the number of airborne complexes for gas analysis is not 
as large as, for example, for the investigation of cloud 
aerosol. 

It can be seen from Table II that this type of devices 
is lacking onboard many AL's. From the available 
complexes, the LS–400, Mod. 8440, and RFM placed 
onboard the Cessna–206, Dacom and Beckman–865 
onboard the Electra, 1003–AH and Dassibi onboard the 
WP–3D, Kok Inc. and Monitor Labs onboard the King 
Air,65 FSRC CAO GKP–1 and 3–OP and GIAM–15  

placed onboard the AN–30 aircraft of the Institute of 
Atmospheric Optics (IOA) can be mentioned. It follows 
from this list that the routine gas analysis is carried out 
onboard the AL's only for a few air components. 

Another lead of airborne gas analysis is the 
application of the classic chemical methods with 
preliminary sampling and concentration of gases onboard 
the aircraft (indirect methods). The mass–spectrometric 
and gas–chromatographic methods and combined 
chromato–mass–spectrometric method66 are most widely 
used. These methods are capable of determining the 
content of some gases whose concentration is several 
hundreds of atoms per litre.67 Among the most important 
aspects of application of the indirect airborne methods are 
air sampling without distortions and concentrating of 
gases. The comprehensive reviews68,69 are devoted to these 
problems. Usual sampling into the containers and 
sampling combined with particle concentrating, i.e., the 
absorption of impurities by a dissolvent and their 
cryogenic concentration or absorption on the solid 
sorbent, are used for air sampling. For the analysis of 
compound mixtures like the polycyclic aromatic 
hydrocarbons, they are preliminary deposited on the fine–
porous filters or filtration, impregnation, and sorption are 
combined. Desorption appears to be an important factor 
of gas analysis by indirect methods. The elution, thermal 
desorption, vacuum desorption, vapor desorption, and 
solution are most often used. The extraction of impurities 
after their concentration, their desorption, and numerous 
operations of concentrate processing introduce the largest 
systematic error in the results of determining the gas 
concentration being about 2/3 of the total error.70 

From the experimental methods which were tested 
onboard the aircraft we may point out the following: 
optical (spectroscopic) method, laser fluorescence, 
differential absorption method, and mass–spectrometric 
and electrochemical methods. According to Ref. 71, a 
sensitivity of 1 ppm for formaldehyde (λ = 239.7, 326.1, 
and 339 nm) was reached by the airborne optical method; 
the laser fluorescence was used for the routine monitoring 
of aldehydes in the band 320–345 nm, and a detection 
threshold of 10 ppb was attained; the differential 
absorption method was implemented for monitoring of 
NO, NO

2
, and HNO

3
 in the range 2–15 μm with a 

threshold of 1–2 ppb; the mass–spectrometry combined 
with the chemical ionization was capable of airborne 
detection of aldehydes at a level of several ppt; the best 
sensitivity of airborne electrochemical methods was 0.3–
5 ppm with an error of ±5%. 

However, in spite of the intensive development of 
the airborne gas–analysis methods, the most part of the 
data on the gas composition of air have thus far been 
obtained only by the indirect methods. It is confirmed by 
the results of the GTE/CITE–2 program on 
intercalibration of the gas–analysis instrumentation 
implemented by NASA onboard the Electra.29 As part of 
this program, the best characteristics were reached by the 
indirect methods. 

 
ACTINOMETRIC COMPLEXES 

 
The instrumentation for measuring the net 

hemispherical upwelling and downwelling radiation fluxes 
is placed onboard the most part of foreign aircraft–
laboratories. The Eppley stationary pyranometers and 
pyrheliometers of various models are used for this 
purpose. The PIR and Mod. 2 devices are placed onboard 
the Electra, C–130, and C–131A; the PSP and PIR  
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devices are installed onboard the Sabreliner. They operate 
in the wavelengths ranges 0.2–3 μm and 4–50 μm. The 
King Air, on which the LI–COR device is installed, is 
the exception. 

From the domestic aircraft–laboratories, only the 
FRS CAO AL is equipped by the actinometric 
instrumentation. Earlier such an instrumentation was 
installed onboard the MGO IL–18 AL.72 However, the 
regular actinometric measurements were not carried out 
from onboard the domestic aircraft–laboratories. 

 
RADIOMETRIC COMPLEXES 

 
In addition to the radiometers, various 

spectrophotometers and microwave devices implementing 
the same measurement principle can be tentatively 
assigned to the radiometric instrumentation (Table III). 

The radiometers, which are placed onboard the 
aircraft–laboratories, are intended to measure the 
radiative temperature of the underlying surface or of the 
upper boundary of clouds. Usually they operate in the 9–
11 μm transparency window of the atmosphere. The 
radiometers of the Barnes type are used onboard the 
foreign AL's. For example, the PRT–5 and the scanning 
PRT–6 are used onboard the Electra, the Barnes 14–325 
is used onboard the Sabreliner. Unfortunately, we could 
not find the information about the spectrophotometers 
and microwave devices used onboard the foreign AL's. 
The program of the Goddar Center of Space Flights 
(USA) published in Ref. 10 is the only exception. A large 
number of such devices should have been developed as 
part of this program. However, the results of its 
implementation are still unpublished. 

The domestic AL's are better equipped with the 
devices of this type (see Table III). A part of these 
complexes is the experimental models, the other part is 
used for mapping the spectral characteristics of the 
ground and for measuring its radiative temperature. 
Table III does not include the airborne meteorological 
devices. They are the IKRA and TETA devices used by 
the Flight Research Centre of the Central Aerological 
Observatory (FRC CAO)4 and IT–3 placed onboard the 
MGO IL–14.6,50 

 
ELECTROMETRIC GAUGES 

 
We failed to find the information about the AL's or 

individual devices, except the C–160 aircraft–laboratory 
(France) intended for investigation of the lightnings75 in 
the foreign literature. 

The domestic aircraft–laboratories use mainly the 
devices developed at the MGO such as electric field 
strength gauge and current gauge.4 

On the whole, this type of airborne measurements 
has practically went out of use in the last few years. 

 
OPTICAL COMPLEXES 

 
These devices are being increasingly used in airborne 

sensing of the atmosphere. Thus, the unique data on the 
content of the minor gas components in the stratosphere 
in the region of the ozone hole77,78 were obtained with 
the NCAR Fourier spectrometer and the NASA UV 
spectrophotometer76 placed onboard the DC–8 and with 
the Eppley solar spectrophotometer and NCAR 
spectrophotometer placed onboard the Electra.26–29 

The nephelometers are widely used onboard the 
foreign AL's, for example, the MR–1550 onboard the  

Cessna–206 and the Meteorol. Research Inc. Mod. 1591 
onboard the WP–3D and Queen Air. 

Such devices are almost out of use onboard the 
domestic AL's. Only the RP–73 indicator of cloud 
transparency used onboard the YAK–40 of the Ukrainian 
Scientific–Research Institute on Hydrology and 
Meteorology (USRIHM)58 and of the Flight Scientific 
Research Centre of the Central Aerological Observatory 
(FSRC CAO).4 

 
AIRBORNE LIDAR COMPLEXES 

 
A lot of papers (see, for example, Refs. 15, and 79–

82) are devoted to the problem of the application of laser 
sensing for investigating the atmosphere and underlying 
surface. Some of them concern the problems of airborne 
lidar sensing. However, the available information is 
insufficient to have an idea of the state of the art in this 
field. Only the review of I.V. Samokhvalov and 
V.S. Shamanaev83 makes up largely for a deficiency in 
this direction. Table IV, which includes the information 
about the lidars which have been used previously or the 
standard lidars placed onboard the aircraft–laboratories 
for sensing the atmosphere and the underlying surface, is 
compiled from the data reported in this review taking 
into account more recent publications. 

It can be seen from Table IV that the most part of 
the airborne lidars is intended for sensing of the 
atmospheric aerosols and clouds. Quite a large number of 
lidars were developed for solving the hydrographical 
problems. Among them are the detection of pollution of 
the water surface including the measurements of the oil 
film parameters, monitoring of the optical properties of 
the upper layers of the ocean and presence of hydrosol 
and plankton, and measuring the heights of the wind–
driven sea waves. There are some lidars for sensing the 
meteorological parameters including air humidity. A start 
has been made on the development of the lidars for 
sensing the gas composition of air. 

In our opinion, the data in Table IV testify that 
airborne laser sensing is coming from the experimental 
stage to the practical application not only to scientific 
investigations but also to the solution of the problems of 
the national economy. 

 

AIRBORNE SYSTEMS OF DATA RECORDING 
 
The performance of the aircraft–laboratories depends 

strongly on the degree of sophistication of the methods of 
data processing and accumulating. Depending on the way 
of solving the problem, all types of the recording systems 
can be divided into highly specialized and multipurpose. 
By the architecture the systems can be divided into 
individual and centralized, etc. Let us consider only the 
concrete types of their realization disregarding the 
peculiarities of the technology of construction of the 
recording systems. 

The ARIS–III system which was placed onboard the 
Sabreliner and DC–5 Buffalo was described in Ref. 121. The 
input interface of this system includes 40 input analog 
channels (±5V), a 72–bit parallel input current instruction 
register, a channel for receiving the serial digital codes, and 
four inputs for receiving the signals from selsyns. The ARIS–
III system is equipped with a transient interface for the 
communication with the navigation system and with the 
ADARS information–calculation complex. The data are 
recorded on a seven–channel magnetic–type units. The system 
of ground–based data processing is built around a basic IBM 
computer. 



 

 

 
TABLE III. Specifications of the airborne radiometric and microwave complexes. 

 

Aircraft type, 
organization, and 

reference 

 Application 
(name) of the 
instrument 

 
Type or firm 

 Measurable 
characteristics 

 Wavelength 
or frequency 

Angular 
beamwidth 
or aperture 

Sensitivity, 
threshold, or 
measuring 

range 

 Spatial 
resolution

Off–nadir 
observation 

angle 

 
Scanning 

 
Comment

1 2 3 4 5 6 7 8 9 10 11 
IL–18, IRE RAS, 
SPU "Vzlet", 
Russia, Ref. 23 

Block of the nadir 
base radiometers 

R–11 
R–21 
R–80 
R–135 
R–225 
R–27 

Characteristics of 
the underlying 
surface 

11 cm 
21 cm 
8 mm 
1.35 cm 
2.25 cm 
27 cm 

26° 
26° 
4° 
6° 
9° 
26° 

0.4 K/s 
0.4 K/s 
0.5 K/s 
0.5 K/s 
0.1 K/s 
0.4 K/s 

2.7 km 
2.7 km 
0.4 km 
0.6 km 
0.9 km 
2.7 km 

0 
0 
0 
0 
0 
0 

– 
– 
– 
– 
– 
– 

 

 Scanning 
radiometers 

SR–80 
SR–135 
SR–225 
Del'ta 
RP–08 
RP–225 
RSA11V22 

 8 mm 
1.35 cm 
2.25 cm 

– 
8 mm 

2.25 cm 
10 cm 

1.5° 
2° 
2° 
– 
6° 
9° 

4×40° 

0.5 K/s 
0.4 K/s 
0.4 K/s 

– 
0.1 K/s 
0.2 K/s 

– 

0.12 km 
0.16 km 
0.16 km 

– 
0.6 km 
0.9 km 

20–25 m

– 
– 
– 

– 40° 
+ 42° 
+ 42° 

45° 

– 
– 
– 
– 
– 
– 
– 

 

 Radio altimeter Greben'  2.25 cm 1.5° – 0.1 m 0 –  

 Aerophotography –  – 41° – 7–10 m 0 –  

           

IL–14, LPI, MGO, 
St. Petersburg, 
Russia, Ref. 73  

Super–high–
frequency 
radiometric 
complex 

 Ground moisture 95 MHz 
370 MHz 

– 
– 

0.15 K/s 
0.08 K/s 

– 
– 

– 
– 

– 
– 

 

IL–14, IAPA, 
Tartu, Estonia, 
Ref. 74 

Programmable 
gauge of the 
scattering phase 
function 

PII–1 Optical 
characteristics of 
the underlying 
surface 

481(12.5) nm
553(3.5) nm 
667(22.7) nm
759(10) nm 

3° 
3° 
3° 
3° 

– 
– 
– 
– 

– 
– 
– 
– 

75° 
75° 
75° 
75° 

With a step 
of 3° at a 
scanning 
rate of 
120 steps/s 

 

 Recording system 
 

Elektronika–
60 

        



 

 

TABLE III (continued). 
 

1 2 3 4 5 6 7 8 9 10 11 
AN–2 AUSRIAM, 
SPU "Selektsionnaya 
tekhnika," Russia, 
Ref. 9 

Photometric 
complex 
 
 
 
 
 
 
 
 
 
 
 
 
 
Recording system 

SKPA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
D3–38 

Spectral 
brightness of 
plant canopy 

0.40 μm 
0.45 μm 
0.50 μm 
0.55 μm 
0.60 μm 
0.67 μm 
0.70 μm 
0.75 μm 
0.78 μm 
0.84 μm 
0.90 μm 
1.0 μm 
1.05 μm 
1.1 μm 
1.2 μm 
1.25 μm 

 

23.5±0.5° – – – 0.5 s in every 
channel 

 

IRE UAS, Ukraina, 
Ref. 16 

Radiophysical 
complex including 
side–viewing radar 
and scanning 
radiometer 

– 
 
 

– 

 3 cm 
 
 

8 mm 

– 
 
 

– 

1.5 K 
 
 

0.3 K 

45×70 m 
 
 

500×500 m

– 
 
 

– 

– 
 
 

– 

Vertical 
polarization 

(V) and 
horizontal 

polarization 
(H) 

ISR RAS, Russia, 
Ref. 17 

Radiophysical 
complex 

Radiometer 
 
 
 
 
Two–channel 
radiometer, 
radiometer, 
radiometer–
variometer, 
radiometer, 
radiometer, 
radiometer, and
IR–radiometer 

Hydrophysical 
characteristics 
of the surface 

0.3 cm 
0.8 cm 
0.8 cm 
1.5 cm 
1.5 cm 
8 cm 
18 cm 
2 cm 

0.8 cm 
1.5 cm 
0.3 cm 
0.8 cm 
1.35 cm 
11 μm 

9° 
9° 
9° 
9° 
9° 
15° 
25° 
6° 
9° 
9° 
9° 
15° 
15° 
8° 

0.25 K 
0.1 K 
0.2 K 
0.15 K 
0.2 K 
0.1 K 
0.1 K 
0.03 K 
0.2 K 
0.2 K 
0.3 K 
0.3 K 
0.2 K 
0.05 K 

– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
 

0 
0–80° 
0–80° 
0–80° 
0–80° 

0 
0 
0 
0 
0 

180° 
180° 
180° 

0 

– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 

V 
V 
H 
V 
H 
V 
V 

V and H 
– 
– 
V 
V 
V 
– 
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1 2 3 4 5 6 7 8 9 10 11 
AN–30, IAO SB 
RAS, Russia, 
Ref. 33 

Radiometric 
complex 

Spectrophotometer Optical 
characteristics 
of the surface 

440 nm 
487 nm 
551 nm 
630 nm 
670 nm 
1060 nm 
1221 nm 
1620 nmn 

0.4° – – 0–90° 20°/s  

  Radiometer Radiative 
temperature 

8.1 μm 
9.1 μm 
10.2 μm 
12.1 μm 
14.8 μm 

 

1.0° 150–320 K – 0–90° 20°/s – 

IL–18, MGO, 
Russia, Ref. 13 

Microwave 
complex 

 Radiative 
temperature 

0.8 cm 
0.8 cm 
1,35 cm 
1.6 cm 
1.9 cm 
2.1 cm 
2.45 cm 
3.2 cm 
5.0 cm 
5.0 cm 
8.5 cm 
11.5 cm 
14.0 cm 
18.0 cm 
21.0 cm 
35.0 cm 

 

1.0° 
1.2° 
1.2° 
1.6° 
– 
– 
– 

2.8° 
– 

3.5° 
6.1° 
– 
– 
– 
– 
– 

2 K 
0.1 K 
1.0 K 
1.5 K 
1.2 K 
0.03 K 
0.8 K 
0.2 K 
0.1 K 
0.8 K 
2.0 K 
0.1 K 
0.1 K 
0.1 K 
0.5 K 
0.5 K 

– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 

+50° 
+30° 
+50° 
+50° 

0 
+45° 

0 
+30° 
30° 
0 
0 

20° 
20° 
20° 
0 
0 

– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 
– 

H 
V and H 

H 
H 
H 
V 
H 

V and H 
H 

V and H 
V and H 
V and H 
V and H 
V and H 

H 
H 

 



 

 

 
TABLE IV. Basic specifications of airborne lidars. 

 

 
Lidar 

 
Application 

 
Laser 

 
λ, μm 

 
f, Hz 

 
Pulse 

width, ns

Receiving 
optics or its 

diameter, mm 

Beam 
divergence, 

mrad 

 
Power or 
energy 

 
Aircraft–

laboratory

 
Reference

 
Comment 

1 2 3 4 5 6 7 8 9 10 11 12 
Mark–5  
(Stanford Inst.) 

 
Aerosol 

 
Nd–glass 

 
1.060 

 
20.0 

 
12 

 
150 

 
0.3 

 
50 mW 

 
WC–130B

 
84 

 

LR–2 Clouds Ruby – – – MTO–1000 – – IL–18 85 Polarization 

LR–3 (CAO) Clouds Garnet 0.532 – 15 MTO–1000 0.3 10 mJ    

(NASA) Aerosol Phodamine RBL 0.585 – 500 200 – 0.4 J Electra 86  

 Aerosol Ruby 0.6943 0.1 20 380 – 1 J – 87  

(NASA) Clouds Garnet 0.532 5.0 8 180 1.0 50 mJ – 88 Parallel and 
perpen-dicular 
polarizations 

ALPHA–1 Aerosol Garnet 1.06; 0.532 10.0 15 350 2.0 100 and 
20 mJ 

Queen Air 88 and 
90 

 

ALARM Aerosol and 
gases 

CO
2
 10.60 – – – – –    

(NASA) Aerosol Ruby 0.6943 1.0 30 360 1.0 1 J P–3A 91 Operation in the 
zenith 

ALEX–F Aerosol NT–672 0.532; 1.06 10.0 – 350 2.0 120 and 
400 mJ 

– 92  

            

Spacelab Aerosol Glass 1.06 – 10 450 – 0.1 J – 93  

(NASA) Aerosol and O
3
 Iron Iodide 0.286; 

0.300; 0.600
10.0 – 350 – 0.35 J  94  

Svetozar Clouds Ruby – 0.1 – 100 1.0 –  IL–14 95 Linear 
polarization 

Svetozar–2 Aerosol Glass – 0.3 30 200 – 0.15 J IL–
18DORR 

1.0 Linear 
polarization 

Svetozar–3  Ruby 0.532 – 15 3×100 – 0.01 J AN–30 1.0 Linear or circular 
polarization 

IAO RAS Clouds – 0.530 – 15 MTO–500 7.0 – – 96  

L–1M Aerosol – 0.530 0.1 30 210 1.3 0.5 J – 97  

IP Beloruss. AS  – 1.060   300 – 0.06 J    

IR–lidar 
(NCAR)

 
 

Aerosol CO
2
 (two 

models) 

– – 130 300 – 0.3 and 
0.21 J 

King Air 98  

 



 

 

TABLE IV (continued). 
 

1 2 3 4 5 6 7 8 9 10 11 12 
AOL (NASA) Oceanography Neon 0.5401 400 7 300; 300  2 kW C–54 99 Scanning 
Modification of 
the AOL 
(NASA) 

Oceanography N
2
; Nd:YAG; 

CO
2
 

0.337; 
0.532; 9.500

200; 
6.25; 2

10; 15; 
100 

180 2.6; 0.4–4.0; 
2.0 

0.3 J P–3A 100  

WRELADS–2 
(Australia) 

 
Oceanography 

 
Garnet 

 
1.064; 0.532

 
168 or 

84 

 
7 and 5 

 
180 

 
– 

 
5 mJ 

 
F–27 

 
101 

 

CCRS (Canada) Oceanography NT–462 0.532; 1.064 10 5 – – 10 and 
15 mW 

Twin Otter 102  

Chaika (IGP 
RAS)  

Oceanography Garnet with 
ampl. 

0.532 10 – 300 – 50–100 mJ AN–30 103  

(Canada) Oceanography N
2
; Ne 0.3371; 

0.5401 
1–100 9 and 3 – 13 and 26 140 and 

20 kW 
– 104  

 Oceanography N
2
 – – 3 – 1.0 1 mJ – 105  

(Italy) Oceanography YAG (third 
harm.) 

0.355 – 2 – 0.1 50 mJ – 106  

(FRG) Oceanography Excimer 
Dye 

0.308; 
0.450;  
0.533 

2 6 400 – 10 and 1 mW – 107  

(FRG) Oceanography Dye – – 3000 200 – 1 J – 108  

DIAL (NASA) Aerosol and O
3
 – – – – – – – Electra 109  

(Japan) 
Cooperation 

Aerosol CO
2
 (two lasers) 9.0–11.0 – – 300 – 0.3 J B–727 110  

DIAL (NASA) O
3
, NH

3
, C

2
H

4
, 

P, T, and H
2
O 

– 0.727; 0.940 10 – 1250 – 0.5 J ER–2 111  

(MEPI) CH
4

and 

pipelines 

CO
2
 0.9217; 

0.9228 
– – – – – – 112  

(NCAR) Wind CO
2
 10.800 – – – – – CV–990 113 Heterodyne 

(Colorado 
Univ.) 

Aerosol and 
gases 

Nd:YAG 1.064 2 – 14 in. 2.0 0.1 J C–131A 114  

DIAL (NASA) P and 
gravitational 
waves 

Alexandrite 0.725–0.790 10 100 400 – 0.1–0.15 J Electra 115  

(NASA) Aerosol Nd:YAG+CH cel
l 

1.064; 1,540 – – 400 – – DC–8 116 Zenith, nadir 

(France) Aerosol Nd:YAG 1.064; 0.532 10 10 300  130 and 
80 mJ 

F–27 117 Linear 
polarization 

(FRG) Aerosol and H
2
O Nd:YAG 0.720 10 – 400 30 – Falcon 118  

(MGO) Aerosol – 0.690 – 30 – – – IL–18; 
YAK–40 

119  

LATAS  
(Alabama Univ.)

Aerosol and 
wind 

CO
2
 10.590 – – 150 – 1.5 W C–131 120 Linear 

polarization 
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In addition, the universal ADARS system122 of data 
collection and recording is placed onboard the same AL's. 
It is intended for data processing by the ARIS–III system 
with the additional calculation of the pilot, navigation, 
and meteorological data, their indication and preparation 
to the transmission by telemetry through a channel built 
around the ROLM–1601 computer. The serial polling 
time of the ARIS–III system is 2 s. In this case 32 values 
of the measurable parameters enter the ADARS system. 
The operator can quickly input the results of the visual 
observations for their subsequent storage on the magnetic 
tape by means of the video terminal. 

The EDMS recording system123 was placed onboard 
the L–188 Electra aircraft–laboratory. It has the bus–
module architecture. The system is built around the two 
computers with 16 kbyte random–access memory in each. 
The first is used for data collecting and processing, the 
second is used for preparing the output data arrays and 
controlling the external devices. The EDMS system has a 
50–channel analog–digital converter, five–channel 
converter of the serial code into the parallel one, ten–
channel frequency–code converter, and eight–channel 2–
byte parallel buffer with address retrieval for the 
communication with the sources of the data. The input 
and output interfaces are used for communication with 
the OMEGA inertial navigation system. 

The CADS multipurpose information–calculation 
complex124 is placed onboard the King Air AL's. The 
four–processor system is assembled on the common bus in 
the Intel Multibas standard. Two magnetic tape units and 
LTN–76 inertial navigation system as well as up to 16 
sensors with the analog outputs (0–10V) and four series 
channels with a pulse repetition frequency of 100 Hz are 
connected to two processors. The airborne Doppler radar 
and four Knollenberg's counters are connected to the 
second pair of the processors. The CADS system has three 
Intel–8086 CPV central processors operating in parallel. 
One of them, main processor, performs data collecting 
and processing, displaying the results on a screen, and 
software testing of the units of the complex. The second 
processor is intended for radar data processing and 
composition and display of the combined images. The 
third processor calculates the cloud particle size spectrum 
and forms its two–dimensional display on a screen. The 
maximum bit rate summed over all channels is 92000 
bytes/s for the CADS system. 

The recording system of the C–131A AL of 
Washington University was briefly described in Refs. 125 
and 126. It is built around the IBM–PC–2 and has 16 
analog inputs (+5V) and 32 discrete TTL channels. The 
sensors are polled with a frequency of 10 Hz. The data 
magnetic–type unit has a memory capacity of 67 Mbyte 
sufficient for 18.2 hours of flight. The system is equipped 
with the HP2671G thermal printer capable of printing 
120 text characters per second and 90 graphic characters 
per second. 

The recording systems placed onboard the domestic 
aircraft–laboratoties are the most critical elements of the 
airborne measuring complexes. Thus, the K series optical 
recorders58 were recently used onboard the USRIHM YAK–
40, the Iskra–1256 computer was used onboard the MGO IL–
14 (see Ref. 6), and the D3–28 computer was used onboard 
the IL–14 of the Institute of Astrophysics and Atmospheric 
Physics (IAAP) (Estonia).74 Therefore, the BARS system5 
developed at CAO can be considered progressive. This system 
is built around a more modern computer. And only most 
recently the IBM series computers33 have come into use 
onboard the domestic AL's. 

In conclusion, summing up the results of our paper 
on the whole, we note that it is doubtful weather it is 
possible to analyze all the aspects of airborne sensing 
even in a very voluminous paper. In addition, the 
problem becomes more complicated due to the fact that 
many aspects of this manifold problem are covered in the 
official reports, which have a small circulation, and, as a 
rule, are little known to the wide scientific community. 
Therefore, this review is an attempt of maximum 
encompassing of all geophysical applications of the 
aircraft–laboratories with subsequent distinguishing the 
most characteristic details. We hope that this review will 
be useful for those who want to know the problem as a 
whole or to determine their own position in relation to 
such investigations. 
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