
AUTONOMOUS TEMPERATURE DATA ACQUISITION COMPARED TO EXISTING THERMAL 
MODELS OF DIFFERENT SEDIMENTS. R. G. Jackson1 N. H. Sanders2 C. C. Ward1 F. R. Ward1 S. M. Benson1 
N. F. Lee3 1Durham Academy 11jackson@da.org 2Durham School of the Arts 3C. E. Jordan High School 

 
 
Introduction: Understanding the composition of 

the bodies surrounding Earth, and especially Mars, is 
crucial to being able to assess the viability of future 
exploration. While these prospects are often in the very 
distant future, a basic understanding of the rocks and 
minerals that make up these places is the first major 
step in any direction. Thermal inertia can be used to 
estimate the composition of a substrate, provided 
accurate models exist. It has already been used to 
predict the features of specific areas on Mars[1]. 
Global infrared coverage of Mars is available through 
the THEMIS database. By measuring how quickly 
substrate heats up and cools down, accurate models 
can be developed for the material's grain size and 
composition [2]. 

Because the ambient conditions on Earth and Mars 
are very different, even if certain rocks are of the same 
composition, accuracy is difficult to attain. This 
experiment sought to test better tools for thermal 
modeling that can be applied for future experiments. 
We built a robot capable of taking remote temperature 
measurements for several samples over a period of 
days. We believed that an autonomous source of data 
that could be run outside would be far more accurate 
than data collected by humans, so we compared it 
previously existing human created models to test this 
hypothesis.   

 
Methods: The robot we built was constructed to 

take data in a way that would be as similar as possible 
to that found on Mars. Thus, we tried to mimic the 
ambient conditions to the extent that would be feasible 
with the materials that we had.  

First, we decided that we needed to take data 

remotely if we wanted to be able to compare it to the 
satellites around Mars. The machine to do this was 
essentially a rotating PVC arm, attached to a plywood 
base upon which the samples rested. A high-torque, 
precise (1.8º Step) stepper motor was used to rotate the 
arm which held help the infrared thermometer. The 
stepper motor was cycled via a simple control circuit, 
which allowed exact control through a computer's 
parallel interface. The scripting was done in Perl using 
the Device:ParallelPort packages, which allowed pin-
by-pin control of the output ports. This setup allows 
for as many samples and can fit in roughly a 200º arc 
(to avoid the arm's shadow) to be sampled 
continuously. The infrared thermometer was a Calex 
brand Pyro-Pen and was interfaced via USB.  

In our experiment, we used three different types of 
sediment: white quartz pebbles, a dark brown mix of 
smaller sediment, and a similar but much finer dark 
sand. We placed each sample in a 15 cm radius 
hemisphere, which is big enough so that the properties 
of the container would not affect them. We then set up 
the robot, and programmed to take a sample every 30 
seconds over three sediments; thus, each one was 
measured every 90 seconds. To gather the most data, 
we left the robot running continuously during three 
cloudless days. At the end of the three days, we 
extracted the data from the computer with a program 
and created our model. 

 
Results: At the end of the three-day measuring 

period, we extracted the data from the computer with a 
program and graphed the temperature as a function of 
time. Although only two and a half days of data were 
useful, the results show a clear periodic tendency 
similar to a sine graph, which is consistent with normal 
temperature data.  

Figure 1: The robot set up with samples. 
Left to right: sand, gravel, and quartz. 
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Figure 2 (see previous page): 88 hours of 

autonomously collected data. Blue: White Quartz 
Gravel. Red: Dark Coarse Gravel. Green: Dark Sand. 

 
From these data, we can see how the temperatures 

of the three samples followed an easily discernable 
pattern. First, the white quartz pebbles did not reach 
nearly as high a temperature during the day as the 
other two samples, but at night were almost the same. 
Second, the sand heated up the hottest and cooled 
down the most. The larger dark grains heated up less 
and cooled less, but were still very similar to the sand 
and especially at night were almost indistinguishable. 
On the third day, there is a noticeable increase in 
temperature throughout the data, and in fact that 
particular day was much hotter than the previous two.  

We then compared our results to similar data from 
another experiment, to analyze trends. 

The experiment below sought to create thermal 
models, but instead of taking data autonomously they 
wrote it down by hand and used a manufactured heat 
source instead of the sun.  

 
 
 
 
 
 
 
 
 
 
 

Figure 3: thermal behaviors different grain sizes. 
Orange: Fine Sand. Yellow: Coarse Sand. Red: Fine 
Gravel. Blue: Coarse Gravel. [3] 

 
Discussion: We were most interested in the trends 

exhibited by the samples in different methods of 
experimentation, especially when the process was 
automated. Since we were not always comparing the 
same sediments, direct temperatures were ultimately 
useless, but the trends were clearly recognizable.  

In our experiment, we left the robot running outside 
for 88 hours, because we felt solar energy rather than a 
lamp would be most similar to Mars. There is a curve 
of heating and cooling each day that is roughly 
periodic. This is most consistent with what we would 
expect to find on Mars, because the sun heats and cools 
the rocks slowly, rather than the immediate heating of 
an incandescent bulb, as can be seen in Figure 3 where 
the bulb was turned on, and then again as it was turned 
off. While the purpose of these experiments was to 

compare different sediments rather than extract exact 
data, we built our robot to reflect the belief that a 
slower heating and cooling cycle is more realistic and 
would give better data. The lamp curves of Figure 3 
show clear logarithmic trend lines while the sediment 
was heating and cooling. This kind of data is usable 
only so far as the comparison is in the same format; it 
is not representative of realistic thermal behavior. 
Comparison between Figure 2 and Mars is much more 
likely to create reliable results.  

Limitations: First and foremost, we attempted to 
calibrate the PyroPen USB to take better readings, but 
further calibration would likely create better data. For 
example, in Figure 2, the temperature of the samples 
goes far below and far above the ambient temperatures 
of those days. Secondly, atmospheric differences 
between the two planets, i.e. weather and incident 
radiation, render comparison difficult. Finally, at 
around 5:00 pm on the third day, the data exhibit 
random behavior and we suspect that a bird or some 
other source of random error moved the arm away 
from the samples, because we found it pointing the 
wrong direction at the end of the experiment. 

 
Future Study: We would like to refine our 

automated data collection process, with a robot that is 
better calibrated so that we can create a formula that 
allows us to compare it to the ambient temperature. We 
want to use our knowledge from this experiment to 
look at sediments not tested here that can be found on 
Mars, specifically comparing solid basalt to vesicular 
basalt. Also, most importantly, we will study the 
conditions on Mars and seek to create an environment 
and data that most closely mirror that from the actual 
planet to help in more accurate comparisons. 
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