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Introduction:  There has been an interest in study-

ing our neighboring planets for specific research pur-

poses, like Venus, because it is less resource-intensive 

than other small solar system bodies. Venus is a chal-

lenging planet to explore: the first Soviet space probe 

Venera 3 crash landed on the planet in 1966, the 1967 

Venera 4 probe successfully returned  some measure-

ments on Venus’ atmosphere, the 1975 Venera 9 be-

came the first artificial satellite on Venus, and a lander 

vehicle from this probe made its descent on the surface 

of Venus and made temperature and pressure meas-

urements and transmitted photos. The problem with all 

Venus landers is that they hold communication for a 

short time. In 1982, the Venera 13 probe maintained 

communication for 127 minutes, which remains the 

current record [1, 2]. Some promising high temperature 

electronics are being developed, such as those included 

in the SAEVe mission [3]. Current technology allows 

for a wide variety of accurate measurements to be 

made, but gathering and transferring those data contin-

ues only as long as the instruments can withstand the 

intense heat.  

One of the primary questions remaining to answer 

about Venus is the planet’s level of geologic or seismic 

activity. The geological structure of the planet is un-

known, which includes core and mantle dynamics, the 

interaction between the geological structure and the 

surface heat flux, and the level of volcanism and seis-

mic activity. Because virtually nothing is known about 

the structure or composition of the geological crust, 

active seismic surveys of any suitable landing site 

could illuminate the planet’s geological structure and 

offer clues about its seismic and volcanic activity.   

Active seismic surveys differ from passive seismic 

or seismometer data in that they deploy both a source 

and a receiver; the source replaces the natural seismic 

and volcanic activity by applying smaller-scale physi-

cal impulses. This allows the geological structure to be 

investigated without depending on natural seismicity, 

which may or may not be present at the landing site or 

during the mission. These surveys are the primary 

mechanism of offshore resource exploration and, in the 

best conditions, are able to resolve the geometry and 

physical properties of the geological subsurface fea-

tures in the surveyed area [4].   

A hybrid lander that includes an atmospheric sens-

ing unit (flying drone) that oscillates between high and 

low elections, and an on-ground network of robots per-

forming the active seismic survey is proposed (see Fig. 

1). This hybrid system is to be deployed by an orbiter, 

which will receive the data transmitted from the lander 

instruments, as in [3]. The payload of this system is to 

be limited and defined by the capacity of the orbiter; 

this proposal focuses on the hybrid system for active 

seismic survey. 

 
Fig. 1. View of the proposed multi-agents system 

for active seismic survey on Venus surface. 

 

Multi-agent Robotic Systems: Venus provides a 

good representation of the harsh space environments 

that must be considered when designing for extraterres-

trial exploration. Three large problems to consider and 

overcome, particularly for data collection and trans-

mission, when designing for Venus exploration are the 

high pressure (92 bar at the surface), high and variable 

temperature (average surface temperature or 735 K), 

and corrosiveness found in its atmosphere, which is 

mainly carbon dioxide but has small amounts of nitro-

gen, hydrogen, oxygen, and sulfur. The structural in-

tegrity of exploration vehicles is also at risk in this type 

of environment and design must consider some of the 

strongest materials with high thermal masses. The elec-

trical components are possibly the most important con-

sideration, as these are most likely to fail, and the 

structural and scientific components must be able to 

endure surface conditions on Venus for longer than 127 

minutes [1,2]. 

One way of exploring Venus for the above-

mentioned application is by using multi-agent systems 

equipped with sensors that can gather data of interest. 

This system is composed of a fixed-wing Unmanned 

Air Vehicle (UAV) that would be able to fly in the 

atmosphere of Venus and carry different types of 
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ground-based robots. The environment at higher alti-

tudes may be easier to endure. Venus has varying wind 

speeds, faster (186 m/s) around 60 km from the sur-

face, that affect the aerodynamic properties of a drone. 

The flying drone must optimize energy consumption 

and weight to fly on Venus. A fixed-wing drone that 

oscillates between high and low altitudes could provide 

a more resilient solution to the challenging near-surface 

environment [1].  

To collect the active seismic data, the drone can fly 

at lower altitudes and release the bioinspired jumping 

robots onto the surface of Venus. These robots will be 

able to communicate with each other and also with the 

flying drone (see Fig. 1). Once the drone reaches a 

certain temperature limit, it will go back to higher alti-

tudes where there is a less extreme environment. At 

this higher altitude, the drone will be able to cool be-

fore returning to the planet surface, possibly with an 

included cooling system.  

Design of jumping robots for active seismic sur-

vey: Each jumping robot performing the seismic sur-

vey (minimum 2) is equipped with a 3C geophone sys-

tem in the body for recording ground motions, a posi-

tioning system based on Kalman filtering of accel-

erometer and gyroscope sensors [e.g., 5], and small 

springs located in the legs of the jumping robot that can 

record the impact forces at each leg. These systems 

provide either the characteristic of the impact source 

(in jumping mode) or the resulting time series of 

ground motions (in receiving mode). The electrical 

systems that record and perform these operations must 

be adapted and proven to perform under Venus’ sur-

face conditions (particularly very high temperature and 

pressure). Appropriate electronics systems are being 

developed using MEMS and tested at Venus-like con-

ditions by LLISSE and NASA Greer systems, as pro-

posed for the SAEVe mission [3]. 

An active seismic survey on land is carried out by 

placing an array of geophones to record ground mo-

tions. At selected geophones, a source is triggered (i.e., 

landing of jumping robot) and the rest of the array rec-

ords the ground motions induced by that source. As the 

process is repeated for different source and receiver 

locations, the recorded waveform can describe the 

physical structure of the subsurface. The proposed sys-

tem would deploy an array or pair of jumping robots 

which would survey the landing site.  

There are two survey methods available to this sys-

tem: In the first, the jumping drone remains in one lo-

cation; for each jump (or source wave), the receiving 

drones record the motion and then moves to the next 

recording position.  In the second option, the receiving 

drones remain in one position while the jumping robot 

acts as the moving source. The second option optimiz-

es the locomotion of the jumping robots, which are 

more efficient and can create a larger force when jump-

ing from one location to another. The data collected via 

the second option could be higher resolution but would 

comprise larger data volumes.   

A 3C (3 components of motion) geophone located 

in the body of the jumping robots can provide useful 

data in both the source and receiver modes.  In source 

mode, it can characterize the force generated by the 

robot. In receiving mode, the geophones will record the 

local ground motions experienced by the robot, like a 

traditional seismometer. If appropriate data volumes 

are available for transmission and recording on the 

orbiter, 3C seismic data could be recorded, which al-

lows the geophones to identify the kind of wave (i.e., 

P-wave, S-wave) and the direction in which the wave is 

travelling. Processing these data can identify the sub-

surface geometry and density.     

There are a number of advantages to carrying out 

an active seismic survey on Venus. In addition to 

providing novel scientific data about the structure and 

density composition of the crustal geology, the active 

survey aspect allows for direct exploration of the sub-

surface. Individual or paired seismometers deployed on 

Venus’ surface are reliant upon concurrent natural 

seismic activity, so they would be deployed and useful 

if they can record data that captures seismic events. 

Therefore, an active seismic survey could actually be 

conducted in a shorter period of time that captures ac-

tual seismic events. Due to planetary conditions, col-

lecting data in a reduced time frame is an advantage. 

The primary drawbacks to the active seismic system 

are that the data volume is relatively large (compared 

with 3C seismometer recordings at discrete and trig-

gered seismic events [3]), the relative locations and 

motions of each jumping robot are required to process 

the data, and the unknown structure of the crust may 

prove to be a poor setting to perform a seismic survey.  

However, even if the geolocations of each recording 

cannot be determined, the geophone data would still 

provide valuable insight into the seismic activity of 

Venus.  
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