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Abstract—This study considers the use of 
remotely piloted airships as platforms for planet 
observation. The airship is one type of flying 
platform offering the possibility of observing the 
planet’s surface topography, gravitational field, 
magnetic field and atmospheric layer from the 
planet’s atmosphere over a long time at a small 
cost of fuel and effort. Taking the temperature and 
pressure on Mars and Venus into consideration, 
and assuming basic limitations for the airship, it is 
found that the planetary airship should fly below 
the clouds on Venus. 
 

Index Terms— Airship, Planet, Observation  

1. INTRODUCTION 
LANETARY observations can be classified 

according to the position of the platform as 
follows: (1) remote sensing of the target planet 
from other planets using a telescope, (2) remote 
sensing of the target planet from a spacecraft 
using a space telescope that is in another planet’s 
orbit, (3) remote sensing of the target planet from 
a spacecraft in an interplanetary orbit, (4) remote 
sensing of the target planet from spacecraft in the 
same planetary orbit, (5) remote sensing or direct 
observation at the time of descent under the target 
planet’s gravitational field or by a flying probe and 
(6) remote sensing or the direct observation from 
a fixed point probe on the surface of the target 
planet, such as that performed by Venera or the 
Rover Mars Pathfinder. It may be noted that planet 
observation platforms for use in atmospheric 
layers are currently being studied by ISAS/Japan 
and NASA using planet airplanes and planet free 
balloons as the aircraft, respectively. The Mars 
helicopter "GTMARS" has been studied by 
Georgia Institute of Technology, and Martian 
autonomous rotary-wing vehicle (MARV) has 
been proposed by University of Maryland. 

Observations obtained by the methods 
described above can mostly be performed only for 
microscopic (small area) but a short period of time, 
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or are appropriate only for macroscopic (large 
area) but a low-resolution observation. In this 
study, the airship platform is presented as a 
subcategory of category (5) described above 
"remote sensing or direct observation at the time 
of descent under the target planet’s gravitational 
field or by a flying probe". An advantage of the 
airship is that energy is not necessary to produce 
dynamic lift in order to support the craft’s weight. 
The lift is instead produced from the buoyancy of 
the lifting gas. The airship has little danger of 
falling, and its flight control permits a large 
observation area. Moreover, the airspeed is so 
low that it is easier to cover the communications 
delay from the Earth. 
  The present study of the planet observation 
airship mainly focuses on two aspects; the flyable 
region for the airship in the atmosphere of Venus 
and Mars, based on the pressure, temperature of 
these two planets, and estimation of the airship’s 
size and weight, by taking the mean molecular 
weight of the atmosphere on these two plants into 
consideration. 

2. PLANET OBSERVATION PLATFORMS 
In this section, the flyable region for possible 

platforms to observe the planet atmosphere will 
be briefly discussed.  

The lifting force affecting aircrafts is 
proportional to the density of atmosphere and the 
gravity of the concerned planet. The weighting 
force affecting the aircraft is also proportional to 
the gravity of the planet. Thus, the relative order of 
the flyable region according to the categories of 
aircrafts does not depend on the gravity of the 
planets. Figure 1 shows the relative order of the 
region according to various available survey 
platforms. 
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It is possible for a satellite to reach the top of the 

atmospheric layer, but difficult for an aircraft. The 
observation of the planet atmosphere layer can be 
carried out by aircrafts. Heavier-Than-Air (HTA) 
aircraft with propulsion system can conduct 
extensive three-dimensional movement, but the 
ceiling height of HTA is lower than that of balloons 
due to the weight of the propulsion systems. If 
fossil fuel is used to keep the velocity that is 
needed to generate aerodynamic lift for the HTA 
aircraft, the HTA with the propulsion system 
cannot keep the same altitude after the fuel is 
consumed completely. 

  Balloons can also fly anywhere in the 
atmosphere layer, but are not able to hold a fixed 
position in the presence of wind, nor are they able 
to conduct three-dimensional motion, that is, 
balloons are only able to be controlled in the winds 
leeward direction. 

The maximum pressure height (ceiling) for 
airships is not as high as that of balloons due to 
the weight of the propulsion systems, but it is as 
high as that of HTA, and airships can move not 
only in height but also in plane. In addition, 
airships can hold a fixed position, depending on 
the wind speed and the airship’s propulsive force. 
The lifespan of the airship could be extended if 
solar energy is used to generate the propulsive 
force. Even if flight control is lost, an airship is 
considered to act like a balloon, and still can 
observe the planet atmosphere while floating in 
the atmosphere. 

From these viewpoints, airships have 
characteristics of both HTA and LTA aircrafts, and 
can be expected as the most effective platform to 
study the planet’s atmospheric layers. 

3. THE FUNDAMENTAL LIMITATIONS OF THE AIRSHIP 
The airships will clearly operate under 

limitations due to the buoyancy of the gas, but are 
also subject to other limitations specified as 
follows: 

 (1) The environmental temperature of the 
atmospheric layer that the airship may operate in 
varies from 218K to 398K. This range of 
temperature is derived by the following 
specification and assumption: According to the 
Military Specifications and Standards, electronic 

devices should be useable over the temperature 
range of 218K to 398K. In the present study, in 
order to reduce energy consumption, it is 
assumed that no additional heating or cooling 
devices are used by the airship. Then, the 
temperature limitation given by the above 
MIL-spec is directly applied to the airship. 

 (2) An airship can be used only in the case that 
corrosive elements, such as the sulfuric acid 
described in Section 4, are not present in the 
atmosphere. This is because if corrosive elements 
are present in the atmosphere, then anti-corrosive 
material must be used for constructing the 
envelope, resulting in a heavy envelope, which 
needs reinforcements to keep the shape of the 
envelope. 

 (3) Atmospheric pressure should be greater 
than 103 N/m2(=0.01atm) for operation of the 
airship. Because it is so difficult to generate the 
lifting force for an airship at pressures lower than 
103 N/m2(=0.01atm), that balloons or satellites, 
which need a small lifting force, or need a 
centrifugal force instead of lifting force, may be 
more appropriate for performing planet 
observations. 

 (4) The maximum overall length and envelope 
volume of the airship are assumed to be 300m, 
and 200,000m3, respectively. This size limitation 
of the planet airship is derived, referring to the 
maximum airship (LZ-129 by Zeppelin in 1936) on 
the Earth. This is because it may be impossible on 
the Earth to verify the performance of an airship 
with greater sizes than these values. 

4. PLANET  ENVIRONMENTS IN THE ATMOSPHERIC 
LAYERS AND THE AIRSHIP-USABLE REGION 

The gravitational field of the planet is not uniform, 
and weather changes due to heat exchange in the 
atmosphere causes a change in buoyancy of the 
airship. The geographical features of the planet 
are not usually flat, resulting in obstacles for the 
airships. As little is known on planetary 
environment, it is necessary for the airship to 
study the performance of its platform 
experimentally, and scientifically observe the 
planet at the same time. Thus the high reliability is 
required for the experimental airship. In addition, 
the delay time of the radio contact between the 
Earth and the planet must be taken into 
consideration when designing the 

 Venus Earth[ under ISA] Mars 
Mean distance from Sun      [km] 1.082*108  1.496*108  2.279*108  
Solar day                           [days] 117  1  1.0287  
Surface gravity                   [m/s2] 8.87 9.81  3.72 
Mean surface Temperature    [K] 735 288 215 
Mean surface pressure     [N/m2] 92*105  1*105  0.007*105  

  Planet atmospheres                [%] CO2 : 96.5,  N2 : 3.5 N2 : 77,  O2 : 21 CO2 : 95,  N2 : 2.7 Ar : 1.6 
Mean molecular weight of atmosphere 43.4 28.96 43.5 
Lapse rate of lower atmosphere  

[K/km] 
7.8 (AGL 0 to60km) 

8.6 (AGL 60) 
6.5(AGL 0 to11km) 

0.0 (AGL 11 to 20km) 2.5 (AGL 0 to40km) 

Wind Speed                         [m/s] Surface : 1 to 1.5 
cloud deck : 100 7 to10  Max.: 90 to100  

Radio transport time from Earth    [min] 4.6 to 28 - 8.7 to 41.9 

Table 1  The environment of the planets. 
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scientific-observation and the airship’s control 
systems. This means that remote control in real 
time from the Earth is impossible due to time delay, 
and autonomous feed-forward control is required 
for the airship. The accessible flight region of the 
airship may be reduced depending on the 
structure materials used in its construction and the 
temperature conditions required for using 
electronic devices installed on the airship. This is 
because the temperature of some planets may be 
greater than 400K or less than 200K, which are 
extensively higher or lower than that on the 
surface of the Earth. Additionally there maybe 
exist sulfuric acid contained in the atmosphere, 
and lightning also occurs frequently, which may 
become disturbance noise to the installed 
electronic devices. Furthermore, weather 
conditions, for example, wind speed of up to about 
100m/s, may also limit the airship’s flight. 
    In the present study, airships for use on Venus 
(the atmosphere is a higher density than that of 
Earth) or Mars (the atmosphere is a lower density 
than that of Earth) are considered. Because the 

distance of these planets from the Earth is less 
than that of other planets, and the radio wave 
delay is shorter than that of other planets, that is, 
data concerning the flight environment on these 
two planets is also relativity easy to collect. 

Table 1 shows data of these two planets’ 
environments, which clearly differs significantly 
from that of the Earth. A large cloud of sulfuric acid 
exists between altitudes of 45km and 65km in the 
atmosphere of Venus, while the ground wind 
speed typically varies from 1 to 1.5m/s, though it is 
of the order of around 100m/s at the top of the 
cloud level. Equatorial gravity is about 0.9 times 
that of the Earth, and the atmospheric pressure is 
92*105 N/m2 (=92 atm). The pressure on the 
ground of Mars is 103 N/m2(=0.01 atm), mean 
temperature is 215K, gravity is about 1/3 that of 
the Earth, while the maximum wind speed is 
100m/s. 

Figure 2 shows the atmospheric environment of 
Venus. For this case, the layers of atmosphere 
that are usable according to the restrictions on 
temperature, pressure and the presence of 
corrosive gases described in Section 3 are given 
by two layers situated at altitudes of around 45km 
and 65km. It is difficult for the airship to operate at 
the altitudes lower than 43 km on Venus due to 

Planet 
 

Altitude 
[km] 

Air 
Temperature

[K] 

Atmospheric 
Pressure 

*105 [N/m2] 
(= atm) 

Unit buoyancy 
[Kgf /m3] 

Vacuum 
(atmospheric density) Helium Nitrogen 

Venus 74km（above clouds） 219 0.016   0.039   0.035  0.014 
65km（above clouds） 243 0.1   0.218   0.198  0.077 
45km（below clouds） 385 2.0   2.746 2.497 0.973 
43km（below clouds） 397 2.5   3.328 3.027 1.179 

Surface 735 92  66.16  60.17 23.44 
Earth Surface 288  1   1.227   1.055   0.040 
Mars Surface 215  0.007   0.017   0.016  0.006 

Overall length  ( 0l ) 22m 

 

Maximum diameter 6m 
Slenderness ratio 3.7 
Envelope volume (

0V ) 400m3 
Payload ( PL ) 100kg 
Empty mass (

0M ) 270kg 
Maximum flight level 1500m 
Maximum flight time 3 hours
Fabric thickness 0.18mm
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Figure 2  The atmospheric environment of Venus 
together with the airship consideration regions. 

Figure 3  Statistical relationship between 
envelope skin thickness and characteristic length
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Table 3  Lifting gas buoyancies per unit volume. 

Table 2  Earth observation airship M3(1996) 
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the temperature limitations of the electronic 
operating devices. 

The altitude region for the airship is limited to the 
surface of Mars, because the temperature lies in 
the range of 218 - 398K and the atmospheric 
pressure is less than 103 N/m2(=0.01 atm) 
according to the limitations described in Section 3.  

5. THE SIZING OF THE AIRSHIP 
The specification of the operational Earth airship 

is adopted as the basic design for this study.  
Table 2 show the apparatus and the specifications 
of the baseline airship. The leading gaseous 
composition of the atmospheres of Venus and 
Mars are also listed in Table 1. Table 3 shows the 
lifting gas buoyancies per unit volume for the 
vacuum, Helium and Nitrogen gaseous 
components estimated for the region of the 
planets described in Section 4.  Note that in Table 
3 the lifting gas buoyancies per unit volume are 
tabulated under conditions of the gravitational 
field on the Earth in order to estimate the mass 
required for the airship. 

In the present study, the volume of the ballonet 
is assumed to be 12.5% of the envelope volume. 
In this case, the buoyancy, B , is given by 

     ( ) 30.875 air gasB Lρ ρ= −                      (1) 

where airρ  and 
gasρ  are the density of the planet 

atmosphere at the altitude concerned, and the 
density of the lifting gas contained in the envelop, 
respectively, and L  is the characteristic length of 
the airship, which is defined as the cubic root of 
the airship envelope volume. Note that values of 

air gasρ ρ−  are lifting gas buoyancies per unit 

volume listed in Table 3. The operating empty 
mass of the airship, M  , which excludes the mass 
of the payload, is assumed to be 

       
2.7

0
0

LM M
L

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
            (2) 

where 0L  is the characteristic length of the 
baseline airship. Note that the mass is not 
proportional to the 3rd power of the characteristic 
length, but the 2.7th power. This exponent can be 
explained as follows: The mass of the installed 
devices including thrust systems may be 
proportional to the 3rd power of the airship size. 
On the other hand, the mass of the envelope is 
proportional not only to the surface area but also 
the skin thickness of the envelope. The surface 
area is naturally proportional to the 2nd power of 
the airship size. Figure 3 shows a statistical 
relationship between the envelope skin thickness 
ratio and the characteristic length ratio of the 
existing airships, where the thickness and length 
of the baseline airship are used as the reference 
thickness and length, respectively, and the 
thickness of the existing airships are measured by 
the first author of this paper, and the characteristic 
length of the airships are calculated, based on the 

envelope volumes listed in the Jane’s Yearbooks 
or the maintenance manual of each airship. It is 
seen in Fig. 3 that the thickness ratio is 
proportional to the 0.7th power of the 
characteristic length ratio. As the result of this 
statistical analysis, the exponent relating the 
operating empty mass with the characteristic 
length becomes 2.7(=2.0 + 0.7).  

In order to enable the airship containing the 
payload mass of   to float in the atmosphere, the 
condition 

          
2.7

3
0

0

0.875( )air gas
LM PL L
L

ρ ρ
⎛ ⎞

+ = −⎜ ⎟
⎝ ⎠

   (3) 

must be satisfied. The airship on Mars, the 
relationship between the altitude and the 
necessary envelope volume is not shown in the 
present paper, because the altitude is limited to 
just above the surface of Mars.  

In the present study, a cases is considered for 
the mass of the practical payload 30 kg. 

Assuming that the airship in the section 3 uses 
Helium gas in the environment as shown in Table 
3, and solving Eq. (3) with respect to the 
characteristic length L, the airship’s envelope 
volume that is required for the airship with a 30kg 
payload to float at each altitude can be obtained. 
Table 4 shows the resulting envelope volume, the 
mass and the overall length of the airship. The 
mass M  and overall length l  are calculated, 
respectively, using the obtained characteristic 
length L , buoyancy per unit volume (

air gasρ ρ− ), 

and the overall length of the baseline airship, 
0l  , 

as follows: 
     ( ) 30.875 air gasM Lρ ρ= −             (4) 

       
0

0

L
L

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
l l                        (5) 

The envelope volume of the airship exceeds 
200,000m3 for the Mars missions. 

6. CONCLUSION 
Planetary airships are expected to be the most 

efficient platforms to observe planets’ 
atmospheric layers because of their smaller 
weight in comparison with airplanes together with 
their controllability. The concept of Planetary 
Airship Platforms has been proposed, and taking 

Planet 
Altitude Envelope 

 volume 
[m3] 

Overall 
 Length 

[m] 

Gross mass
[kg] 

Venus  
  (above 

 cloud)

74 km 7.78*1015 590,000 2.46*1014

65 km 4.23*108 2240 71260000
45km  23.7 8.6 51 

   (below  
cloud)

43km  17.4 7.7 46 
Surface 0.6 2.5 31 
Surface 160 16.2 150
Surface 2.7*1019 8,960,000 1.65*1017

Earth Surface 160 16.2 150
Mars Surface 2.7*1019 8,960,000 1.65*1017

Table 4  Estimated sizes of airship hull 
 (by Helium gas)



16

 

 
 

the atmospheric temperature, pressure, gravity, 
and presence of acid clouds on Venus and Mars 
into consideration, the flyable altitudes for the 
airship platforms are estimated to be two layers 
around 43 km and 65km on Venus, and the layer 
slightly above the surface on Mars. In addition, 
taking into consideration mean molecular weight 
of the atmosphere on Venus and Mars and the 
volume of lifting gas that is required to produce the 
buoyancy for the planetary airship to lift on Venus 
and Mars, the overall length and mass of the 
planetary airship have been estimated for each 
altitude. As the results of these estimations, it is 
found that the most promising flyable altitude for 
the airship with a 30kg payload is a layer between 
43km and 45km on Venus, and that there are no 
layers for an airship with a realistic size to fly on 
Mars. 
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