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Abstract

The SODI-DCMIX thermodiffusion series experiments are part of the fluid 
research program carried out by the European Space Agency on board of the 
International Space Station (ISS). In particular, DCIMIX2/3 were conducted in 
the past inside the Microgravity Science Glovebox in the US Laboratory. Due to 
the physical nature of the processes implied, these kind of runs were very long 
and particularly delicate because the low vibratory limit requirements must be 
maintained for hours. This restrictive condition not always is achieved, 
therefore, an accurate surveillance of the acceleration levels along the different 
experiments is necessary, to ensure a correct interpretation of the experimental 
results.
This work analyzes onsite vibrational environment of DCMIX2/3 covering the 
periods in which the experiments were going on. To do so, acceleration signals 
only coming from the es03 sensor, nearest to the experimental equipment and 
located in the Glovebox, were downloaded from the PIMS NASA website. To be 
as precise as possible the signals have always been treated minute by minute. 
To detect the transient disturbances along the experiments, several warnings 
were considered. First, one minute RMS values, for the three acceleration 
components were evaluated, in time and in frequency domain. Additional 
information was obtained by plotting the power spectral densities of the signals, 
PSD, and their spectrogram with the aim of characterizing long periods of 
acceleration data. Due to great influence of low frequencies in this type of 
experiments, the Frequency Factor Index, FFI, was evaluated each minute. 
Complementary, the spectral entropy evolution was proposed as a fast new 
indicator of external perturbations. It has been found a good correlation 
between the spectrogram, temporal RMS and spectral entropy. Finally, a 
graphic representation of the points associated to the one-minute RMS values 
in one-third-octave frequency intervals which exceed the ISS limit curve 
requirements, was considered as a new and easy strategy for depicting the 
warnings that recognize the main disturbances along the experiment. 

Keywords: DCMIX, acceleration signal, ISS vibrational environment, spectral 
entropy
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1. Introduction

DCMIX2/3 are the acronyms of two thermodiffusion experiments funded by the 
European Space Agency (ESA) and carried out recently in the ISS [1-3]. These 
experiments were proposed with the aim to obtain the values of Soret 
coefficients in case of ternary liquid mixtures under convection-free conditions. 
The values obtained in terrestrial laboratories can be, in this way, validated with 
the results generated in this microgravity environment. DCMIX2 was conducted 
from December 2013 until January 2014. The composition of the liquid mixture 
was toluene, methanol and cyclohexane (T-M-CH) and the runs (50 in total) 
were performed with cells containing the mixture at different concentrations. 
The selection of this ternary system is a consequence of some interesting 
features: such as the existence of an immiscibility gap in the ternary diagram 
and a wide region in which the Soret coefficients are negatives [4]. DCMIX3 
experiments lasted from September until November 2016 and the ternary 
system focused on analysing aqueous mixtures such as water, ethanol and 
triethylene glycol, at different compositions, (total runs 31). All DCMIX2 and 
DCMIX3 runs were of long duration. The duration of DCMIX3 runs was 22 hours 
while the DCMIX2 experiment consisted of short and long runs (22h or less and 
31.5 h, respectively). All the above experiments were held in thermodiffusive 
cells located in the SODI instrument which is installed in the Microgravity 
Science Glovebox (MSG) inside the U.S. Destiny module [5 -8].
Though the International Space Station (ISS) allows an environment with low-
levels of acceleration, due to the very long time of both thermodiffusion 
experiments it is difficult to maintain ideal conditions along the runs. Daily crew 
activity, dockings, berthings and reboostings produce strong disturbances that 
are transmitted mechanically throughout the ISS structure [9-14]. The above 
disturbances could affect the ISS microgravity mode operation, ranging from 
1x10-5 m/s2 at low-frequencies to 1x10-1 m/s2 at higher frequencies [9], [15,16]. 
In order to ensure that this mode is accomplished, the ISS disposes of different 
sensors of acceleration, namely MAMS  (Microgravity Acceleration 
Measurement System) and SAMS (Space Acceleration Measurement System) 
situated in different locations inside the ISS modules which cover frequency 
ranges from less than 0.01 Hz (quasi-steady range) up to 300 Hz (vibratory 
range) [17-19]. The Principal Investigator Microgravity Services (PIMS) is the 
responsible for collecting all this information [20]. 
The objective of this work is, thus, to carry out an exhaustive study of the 
vibratory conditions during the DCMIX2/3 campaigns, analyzing the 
acceleration data provided by the es03 sensor which is the closest one to the 
experimental equipment in both cases. Notice however that, during DCMIX2 
runs execution the sensor was located in the Ceiling Plate of the MSG, while 
that during DCMIX3 the location of the sensor moved to the rear wall of the 
MSG. The conclusion of this study is to detect possible disturbances that might 
affect the experimental measurements during the runs. However it must be 
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cautious because a positive pulse-like detection does not always mean that the 
experimental measures must mandatorily be affected by the perturbation. In this 
sense, when processing the results of DCMIX2 it was found that some images 
had different types of perturbations. The analysis of the acceleration signals has 
identified that the experimental disturbances were caused by the optical system 
and not by the on-board g-jitter [21]. On the contrary, the analysis of the 
acceleration data of DCMIX3 allowed to identify an acceleration spike as the 
cause of sudden image shift in the interferometer (see Fig 1) [22]. In any case, 
the existence of a sufficient, but not necessary, relation between experimental 
perturbation and acceleration disturbances makes undoubtedly important the 
consideration of the accelerometric environment as a complementary factor to 
be simultaneously considered as, at least, warnings for the experimenter. 

2. Numerical procedures

The acceleration signals analysed come from the SAMS es03 sensor which, 
located inside the MSG near the experiment, has a sampling rate of 250 Hz and   
a cutoff frequency of 101.4 Hz. Signals have been downloaded from the NASA 
Principal Investigator Microgravity Services, PIMS, website as binary files [13]. 
Data units are in g (9.8m/s2) and before any mathematical manipulation, all raw 
signals have been systematically demeaned. In this work, the acceleration 
components always refer to the absolute coordinates of the International Space 
Station, ISS [23].
In order to accurately detect possible oscillatory disturbances during the DCMIX 
experiments, the signals were segmented in k records of 1 minute each. This 
interval has been considered as the basis of each warning in both time and 
frequency.

2.1 Time domain warnings

The one-minute interval root-mean-square (RMS) of acceleration has been 
estimated for each segment and for each acceleration component. This value 
gives an indication of the oscillation magnitude of the signal each minute. The 
RMS of the ax component and for the k segment, has been evaluated as 
follows [24]:

    (1)𝑅𝑀𝑆𝑎𝑥𝑘 =
1
𝑀∑𝑀

𝑖 = 1𝑎𝑥2

where M is the number of the points in segment k.

Same expressions have been applied for the other acceleration components, ay 
and az. Based on the RMS of all three components one can evaluate a global 
RMS related with the module of the acceleration as follows:

   (2)𝑅𝑀𝑆𝑘 = 𝑅𝑀𝑆𝑎𝑥2
𝑘 + 𝑅𝑀𝑆𝑎𝑦2

𝑘 + 𝑅𝑀𝑆𝑎𝑧2
𝑘
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Time domain warnings are associated with the spikes of this last global RMS. 
Notice that the consideration of warnings in this way loses the information 
associated with the directionality of the perturbation. In all cases, a spike will be 
considered if its RMS value exceeds the 20% of the mean of all RMS values of 
the signal. 

2.2. Frequency domain warnings

Frequency domain analyses were based on the power spectral density, PSD, 
estimated by the Welch method. As it is well known, this method splits the 
signals into overlapping windowing segments, calculates the periodogram of 
each one of them and finally averages the results to produce the final power 
spectral density [24, 25]. In this work we studied the PSD temporal evolution 
associated with the three acceleration components ax, ay and az taking also into 
account its minute by minute spectrogram. 
In order to evaluate  minute by minute the PSD intensity for a specific interval of 
frequency (f<1Hz or f<20Hz) with respect to the maximum PSD intensity of the 
whole frequency range, the frequency factor index function, FFI, for a selected 
record k has been defined as:

     (3)𝐹𝐹𝐼(𝑓)𝑘 = 𝑙𝑜𝑔
𝑀𝑎𝑥(𝑃𝑆𝐷𝑘)

𝑃𝑆𝐷𝑘(𝑓)

where PSDk(f) means the relative maximum power of the spectral density for a 
specific interval frequency and Max(PSDk) represents the absolute maximum 
value for all the frequency range.  In this way, FFI(f)k try to condense in only one 
number the global relevance of the corresponding frequency interval minute by 
minute. Positive FFI values indicate that a low impact of the particularly 
dangerous low frequency band in the results of the experiment could be 
expected. Despite FFI is a time function, a unique value has finally been 
compiled in Tables for each run. This indicator has been obtained averaging the 
mean values of the three FFI functions associated with the three components of 
acceleration.  
Based on the PSD evaluation and using the Parseval theorem, the one-minute  
RMS level, integrated over each one of the one-third octave bands, was also 
calculated for each component and for the module of the acceleration [20,21]. In 
particular, for the component ax, this value is computed as:

   (4)𝑅𝑀𝑆𝑎𝑥𝑗 = ∑𝑖 = 𝑓h𝑖𝑔h𝑗
𝑖 = 𝑓𝑙𝑜𝑤𝑗

(𝑃𝑆𝐷𝑎𝑥(𝑖))∆𝑓

where f represents the frequency resolution in the evaluation of the PSD 
magnitude; fhighj and flowj are the minimum and maximum frequency values in 
the j frequency band, and are calculated by the expressions: 
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     (5)𝑓𝑙𝑜𝑤𝑗 = 0.1 ∗ 2
(

𝑗 - 1
3 )

* 2
( ‒

1
6)

      (6)𝑓h𝑖𝑔h𝑗 = 0.1 ∗ 2
(

𝑗 - 1
3 )

* 2
1
6

Identical expressions were used to calculate the RMS for the other two 
acceleration components, ay and az. Notice that the RMS is typically plotted 
together with a stair line, representing the International Space Station vibratory 
limit requirements [26] defined by:

0.01 f  0.1Hz; RMS ≤ 1.8 μg       (7.a)

0.1< f  100Hz; RMS ≤ 18*f μg      (7.b)

100< f  300Hz; RMS ≤ 1800 μg   (7.c)

where f is the frequency in Hz. In the present case, as the cut off frequency is 
101.4 Hz, the third limit level has not been taken into account. 
Mention finally that global frequency warnings have been, as in time domain, 
based on the module of the acceleration of the whole signal. In this sense and 
in a similar way as in time warnings, frequency band warnings loosed the 
information associated with the directionality of the perturbation. 
Finally, based on Shannon entropy concept [27], the analysis of the signal’s 
entropy has been proposed with the aim of describing the degree of dispersion 
of their spectral energy using only a scalar. Moreover, with the help of this 
scalar, we can study the uniformity of the spectral distribution all along the 
experiment. A high value of the entropy, roughly unity, means that the energy 
spectrum is distributed meanwhile a low value, of the order of zero, indicates 
that the energy is concentrated only in a group of frequency bands. A change in 
entropy values expresses, thus, a redistribution of the spectrum energy.
The spectral entropy, SENf, was defined here based on the normalized power 
spectral density for each acceleration component, P, as follows: 

     (8)𝑆𝐸𝑁𝑓 = ‒
∑

𝑓𝑃𝑓 (𝑙𝑜𝑔𝑃𝑓)

log (𝑁)

where N is the number of discrete frequencies and P is the normalized power 
spectral density of each acceleration component. This power spectrum has 
been obtained over records of one minute, thus it is possible to plot the 
evolution of the SENf entropy all along the DCMIX2/3 experiments. This 
magnitude constitutes a new tool to detect disturbances during an experiment 
allowing to study the regularity of the power spectral density distribution in time 
for a specific signal. Notice that a particularly advantageous feature of spectral 
entropy is that one can explicitly separate contributions from different frequency 
ranges in order to observe specific alterations of these ranges. The present 
work has concentrated in two of them, the first one containing all the 



6

frequencies (from 0.01 up to 100 Hz) and the second interval focusing on the 
lower frequencies (< 20 Hz).

3. Results 

DCMIX2 consisted of 50 runs, though only 22 have been studied, due to some 
unpredictable inconveniences: lack of SAMS’s data records, bubbles in the 
mixture or sensor data failure. In the case of DCMIX3 there were a total of 31 
runs, but only 30 have been considered here. The one rejected presented 
incomplete data records. All these incidences are summarized in Table 1.
To illustrate the procedures used, only two representative signals have been 
presented and exhaustively discussed. The results concerning the rest of the 
signals are compiled in Tables 3 and 4. The first signal corresponds to the 
DCMIX2 run 7, conducted on December 8th, 2013, thereafter Run7_2, while the 
other matches the DCMIX3, run 20a performed on October 20th, 2016, 
thereafter Run20a_3. Remark that, Run 7_2 lasted for 31.5 hours while 
Run20a_3 only lasted 22 hours.
Figs 2.a and 2.b show the 1-minute interval RMS acceleration components for 
Run7_2 and Run20a_3, respectively. These values give a measure of the 
variation of the ax, ay and az acceleration components and immediately 
visualize gross changes in the acceleration levels caused by strong Station 
disturbances. It can be detected significant spikes for the three components of 
the Run7_2 signal around 1 hour and 25 hours, more pronounced in the xA 
direction. On the other side, the Run20a_3, Fig. 2.b shows more stable RMS 
values along all three acceleration components. In addition, Fig. 3 presents the 
1-minute interval RMS values associated with the module of the acceleration for 
the same signals. The spikes detected in Fig 2 for both runs, have been 
enhanced now in this Figure. A thorough study on possible sources of these 
disturbances has been performed. It was found that during the DCMIX3 run, 
between 9:30 and 12:30 hours, a Soyuz MS-02/48S docking in the zenith port 
of the Poisk module occurred (see Table 2), but its influence in the RMS 
acceleration is negligible mainly in the xA direction, perpendicular to the docking 
one, (see Fig.2. b and Fig.3. b). In the case of DCMIX2 no extra activity was 
reported in the literature, thus the origin of the present spikes is, for the authors, 
unknown (see Table 2). A summary of the results obtained for the rest of 
signals are assembled as time domain warnings in Tables 3 and 4.
The power spectral densities for the three components of Run7_2 together with 
their spectrograms are displayed in Fig. 4. It can be seen that the highest PSD 
intensity for all three components is always located at 73.1 Hz. In general, it is 
well known that large frequency values are usually related to machinery 
operation, in this case the strong peak at 73.1 Hz can be attributed to the 
Glovebox fan in open mode [17]. This mode searches to extract the heat 
generated by the experiment itself maintaining a constant temperature. All three 
spectrograms detail a low frequency band (< 20 Hz) with moderate activity 
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levels, showing some “discontinuities” along the experiment. This band 
concentrates the maximum values in an interval from 4 Hz to approximately 15 
Hz, for xA and yA coordinates and it is shifted for the zA one (between 10 Hz-16 
Hz). Fig. 5 plots the PSD and the spectrogram of the Run20a_3. The peak at 
73.1 Hz, found in DCMIX2 experiments, also governs the power distribution of 
DCMIX3 trials. Moreover, the high frequencies (50-100 Hz) increased their 
intensity compared to the former case. At this respect, notice that, the sensor 
location inside the MSG, for each case, is different. This fact may have some 
influence in the general power distribution. At low frequencies (< 20 Hz), the 
PSD maximum values are more concentrated in a narrow band (12-17 Hz) 
compared to the Run7_2 which presents a broader one. The above narrow 
band is not always “continuous” but is similar for all three coordinates, unlike the 
first experiment. For years, the literature has shown special interest in 
identifying the disturbances present in the spectrograms. Due to this, many 
frequencies have been classified, though, there are still quite a few with 
unknown origin. A short summary of these findings could relate crew activity 
with frequency bands below 10 Hz, Ku-Band antennas influences between 5-30 
Hz and general machinery (pumps, blowers, fans, etc.) working at higher 
frequencies [28,29]. Based on the literature, the present frequency bands 
detected, might thus be linked to the crew activity disturbances and general 
machinery functioning.
It is known that the low frequencies can disturb the thermodiffusive phenomena 
[30], so that, FFI of each acceleration component has been evaluated, for each 
experiment, with the aim of complementing the power distribution at lowest 
frequencies (see Fig. 6 and Fig. 7). Two intervals have been taken into account: 
frequency values less than 20 Hz and less than 1 Hz, respectively. The 
maximum PSD intensity of these two intervals was compared to the maximum 
frequency peak of 73.1 Hz found in Fig. 4 and 5, for both signals. Regarding 
Run7_2, the FFI values at frequencies < 20 Hz are maintained practically 
constant (around 3) for all three coordinates and along the entire time. In 
contrast, for frequencies < 1 Hz the FFI values oscillate with a period of around 
10 hours, reaching higher values (approximately 5.5) in the middle of the run. 
FFI values (roughly 2.5 for frequencies < 20 Hz and around 4.5 for frequencies 
< 1 Hz) have also been obtained for Run20a_3 for both intervals. Remark that, 
FFI evaluated for frequencies < 20 Hz, presents more oscillatory behaviour with 
a characteristic period of approximately 1.5 hours, probably due to the rotation 
of the ISS around the Earth. For frequencies < 1 Hz, similar tendency with 
respect to Fig. 6, was detected, however, the wider interval (10 h) appears at 
the beginning of the experiment. In these particular cases the FFI indicators are 
3.0 (frequencies< 20 Hz) and 4.8 (frequencies< 1 Hz) for Run7_2 and 2.7 
(frequencies< 20 Hz) and 4.5 (frequencies< 1 Hz) for Run20a_3, respectively. 
The FFI values for the rest of DCMIX2/3 signals are shown in Tables 3 and 4.
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Fig. 8 plots the SEN values for the three acceleration components of the 
Run7_2, together with the spectrogram of the acceleration component in the zA 
direction. From this Figure, it can be seen that SEN values for low frequency 
range are always greater than the ones calculated for all frequency range. 
Moreover, these values are practically constant along the experiment. SEN 
values obtained for whole range of frequencies presents some spikes that could 
be used as indicators of possible modifications of the PSD distribution along the 
experiment substituting/complementing the classical spectrogram. Furthermore, 
comparing the Figs. 2.a and 8 it can be seen that the rise of the RMS values 
appear at the same times when the spikes in SEN were calculated for the whole 
range of frequencies. Furthermore, a good correlation has been obtained 
between the above spikes and the disturbances detected with the spectrogram 
(Fig.8 c and d). Analysing the other two coordinates, xA and yA, similar constant 
SEN values in time were estimated for the low frequency interval and 
comparable spikes values (in case of all frequency range), indicating different 
disturbances in time were as well correlated with the corresponding RMS values 
and their spectrogram. Overall, Fig.8 and Fig.2a confirm the utility of SEN as a 
fast indicator for the detection of possible disturbances in time when all the 
frequency range is considered. Similar results were reached analysing the 
signal from the Run20a_3 (see Fig 9). It is remarkable that just one spike was 
present at around 17h of trial, in the yA and zA coordinates. This spike is not 
associated with the above mentioned Soyuz docking because it occurred 
between 10 and 13 h after starting the experiment equivalently between 7:30-
10:30 h, October 21th 2016. It should be mentioned finally that the warnings 
extracted before from the RMS values fit very well with the warnings calculated 
using SEN values based on all the frequency range.
The RMS acceleration components in one-third-octave frequency intervals were 
calculated for intervals of 1 minute. As an example, Fig 10.a displays the RMS 
values for the minute 498 (8.3 hours) and is compared to the ISS limit 
requirements, in the vibratory range. This selected minute is plotted as a 
dashed line in Fig 10.b. It can be seen that RMS values are quite close to the 
limit curve crossing it at frequency ranges between 1.5 and 10 Hz for the all 
three acceleration components. Considering xA direction, the interval centred at 
0.5 Hz also exceeds the limit curve. For frequencies lower than 0.5 Hz and 
higher than 10 Hz, for all the acceleration coordinates, the RMS values 
accomplishes perfectly with the ISS requirements. The points in time and 
frequency that overcame the microgravity mode condition during the entire 
experiment, may be considered as visual warnings and are summarized in Fig. 
10.b. The microgravity mode condition is always accomplished for frequencies 
above 10 Hz, while at smaller ones the limit is surpassed during the most of the 
experiment. Fig 11.a shows the RMS acceleration components in one-third-
octave frequency intervals for the Run20a_3 calculated in the minute 727 
(12.11 hours). In this case, the three RMS values also overpass the limit 
requirements curve at low frequencies intervals (< 13 Hz). At high frequencies 
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the RMS values follow the ISS requirements. The summarized warnings in both 
time and frequencies are plotted in Fig.11.b. The microgravity mode condition is 
accomplished perfectly by RMS values at frequencies higher than 13 Hz, 
meanwhile the low frequency RMSs (< 13 Hz) exceed this limit for entire run, 
except a specific interval between 4-8h. The graphic representation of the 
points exceeding the ISS limits (see Fig.10.b and Fig.11.b) could help in 
identifying easier and faster possible potentially dangereuses disturbances that 
might have a great effect on the ongoing experiments. Global frequency 
warnings based on the module of the acceleration of the whole signals are 
presented in Tables 3 and 4. 

Conclusions

A detailed analysis of the vibratory environment of the DCMIX2 and 3 runs was 
carried out minute by minute using acceleration signals coming from the nearest 
sensor to the experimental device (es03).
The evolution of RMS values in time clearly shows that there are some runs that 
are very stable, without any significant disturbances, while there are others that 
at quick glance show spikes that could provoke alterations in the 
thermodiffusion results. The 73.1 Hz dominates the PSD results for all three 
components considered and for both experiments. Usually, this frequency is 
associated to the Glovebox Fan in open mode. Similar broad band in the PSD 
for all coordinates and the two experiments, was detected at low frequencies 
(<20 Hz), though it presents lower PSD intensity. To quantify this intensity 
range, the Factor Frequency Index was calculated for frequency intervals less 
than 1 Hz and 20 Hz. The FFI values for both experiments and all three 
coordinates oscillated between 4.5 and 5 for the first interval. Analyzing the 
second frequency interval (< 20 Hz), the FFI values were slight higher ( 3) for 
Run7_2 compared to Run20a_3 ( 2.5). A better visualization of the band 
stability in time was obtained through the spectrogram. It can be seen that at 
high frequencies the PSD intensity is maintained along the run while at low 
frequencies some clear oscillation in the intensity occurred. In the case of the 
Run7_2 the broad band appeared in the low frequency interval differ from one 
coordinate to another. For the Run20a_3 this band seems to coincide for all the 
three coordinates. This behavior might be due to the different location of the 
sensor in the two experiments.
As mentioned above, in order to study the regularity of the power distribution in 
time for a specific signal, Spectral Entropy values were calculated for two 
different frequency intervals. The SEN results, for the both experiments and all 
three coordinates, indicated high punctual values (up to 0.7 – Run7_2 and 0.55 
– Run20a_3) if the all frequencies interval is assumed. These values correlate 
perfectly with the spikes detected when RMS have risen, or with disturbances 
identified by the spectrogram. Considering the low frequency interval, SEN 
values detected no significant spikes in time, preserving a constant behaviour 
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along the entire experiment. In other words, SEN as a tool for detecting possible 
disturbances in time, works better if the complete frequency interval is 
considered.
The points in time and frequency that were identified earlier as warnings, 
gathered crucial information regarding disturbances concentrated in the low 
frequency ranges, for both experiments. Considering frequencies higher than 13 
Hz the microgravity mode condition is always accomplished, and no warnings 
were discovered. This RMS warning map is very useful in identifying easier and 
faster the possible disturbances in each experiment. 
Overall, this article summarizes old and new techniques used to characterize 
different experiments, with the aim of keeping an accurate observation of the 
acceleration levels along these experiments and to ensure a correct 
interpretation of their results.
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Figure captions

Fig 1. Experimental perturbation and the corresponding acceleration spike. 
(Source: T. Triller, W. Köhler, DCMIX3b – firsts results, Topical Team Meeting, 
Bruxelles, 2017 ).

Fig 2  One-minute interval RMS for the three acceleration components: a) 
Run7_2 and b) Run20a_3.

Fig. 3 One-minute interval RMS acceleration vector:  a) Run7_2 and b) 
Run20a_3.

Fig. 4 Power spectral density and spectrogram of Run7_2 of: a) the acceleration 
component in the xA direction, b) the acceleration component in the yA direction 
and c) the acceleration component in the zA direction. 

Fig 5 Power spectral density and spectrogram of the Run20a_3 acceleration 
components: a) xA direction, b) yA direction and c) zA direction. 

Fig 6 Frequency Factor Index, FFI, evolution for the two frequency intervals 
considered and for the Run7_2 acceleration components: a)in the xA direction, 
b)in the yA direction and  c) in the zA direction. 

Fig 7 Frequency Factor Index, FFI, evolution for the two frequency intervals 
considered and for the Run20a_3 acceleration components: a) in the xA , b) in 
the yA and  c) in the zA direction, respectively. 

Fig. 8 SEN evolution for all frequency domain an for frequencies < 20Hz 
associated to the Run7_2 acceleration components: a) in the xA direction, b) in 
the yA direction and  c) in the zA direction. 

Fig. 9 SEN evolution for all frequency domain an for frequencies < 20Hz 
associated to the Run20a_3 acceleration components: a) in the xA direction, b) 
in the yA direction and  c) in the zA direction. 

Fig. 10 Run7_2: a) RMS acceleration components vs. one third octave 
frequency bands calculated in the 498 minute 498. b) Marks indicating when the 
RMS acceleration components exceeds the ISS Limit curve requirements.

Fig. 11 Run20a_3: a) RMS acceleration components vs. one third octave 
frequency bands calculated in the 727 minute. b) Marks indicating when the 
RMS acceleration components exceeds the ISS Limit curve requirements.
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Table 1: DCMIX2/3 incidences

Incidence DCMIX2 DCMIX3
Run 1 Cell 1
Run 2 Cell 2
Run 3 Cell 3

Run 33 Cell 1
Run 31 Cell 3
Run 4 Cell 4

SAMS 
problems

Run 18 Cell 3

Run 1 Cell 1

Run 1bis Cell 1
Run 10 Cell 5
Run 25 Cell 4

Aborted 
experiments

Run 30 Cell 3

- -

Run 2s Cell 2
Run 2s2 Cell 2
Run 2s3 Cell 2
Run 2s4 Cell 2
Run 0s1 Cell -
Run 4s1 Cell 4
Run 2s5 Cell 2
Run 0s2 Cell -
Run 4s2 Cell 4
Run 29 Cell 4
Run 0s3 Cell 0
Run 3s1 Cell 3
Run 4s3 Cell 4
Run 5s1 Cell 5
Run 0s4 Cell 0
Run 2s6 Cell 2

Bubbles

Run 3s2 Cell 3

- -

Without 
incidences 22 runs 30 runs
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Table 2:  Main disturbances during the period of activity of the DCMIX2/3 experiments.

Disturbance
Experiments Date Spacecraft 

type Port
Kind Main 

direction
Remarks

11/12/2013 Progress 
M-21M/53P

Aft port of 
the 

Svezda’s 
module

Reboosting +XA No run

13/12/2013 Progress
 M-21M/53P

Aft port of 
the 

Svezda’s 
module

Reboosting +XA

Cell 5, started 
at 08:54, but 
the run was 
aborted at 

14:57 and run 
data was 
deleted

24/12/2013 - - US EVA - No run

26/12/2013 - - RS EVA -

The EVA was 
done during 
the diffusion 

phase (cell 1), 
but the run 
data was 

completed

12/01/2014 Cygnus 
CRS Orb-1

Nadir port 
of the 

Harmony 
module

Berthing 
(Canadarm2) -ZA No run

DCMIX2
 (01/12/2013-
24/01/2014)

18/01/2014 Progress 
M-21M/53P

Aft port of 
the 

Svezda’s 
module

Reboosting +XA No run

21/10/2016 Soyuz
 MS-02/48s

Zenith port 
of the Poisk 

module
Docking +ZA

The docking 
was done 
during the 

thermodiffusion 
process (cell 

5), but run data 
was completed

23/10/2016 Cygnus 
CRS OA-5

Nadir port 
of the Unity 

module
Berthing -ZA No run

03/11/2016
Svezda’s 
service 
module

- Reboosting +XA

The reboosting 
was done 

during 
thermalization 
(cell 2), but run 

data was 
completed

19/11/2016 Soyuz
 MS-03

Nadir port 
of the 

Rassvet 
module

Docking +ZA No run

DCMIX3
19/09/2016-
22/11/2016)

23/11/2016 Cygnus 
CRS OA-5

Nadir port 
of the Unity 

module

Unberthing 
(Canadarm2) -ZA

The unberthing 
was done 

during 
thermalization 
(cell 2), but run 

data was 
completed
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Table 3: Warnings of the complete DCIMX2 experiment. 

FFI (Freq.)
Run Cell Run time StartTime EndTime

<20Hz <1Hz

Frequency
domain

warnings (Hz)

Time
domain

warnings*

5 5 31.5h 06/12/2013
5:15

07/12/2013
12:45 3.0 4.7 -

1:05:31
8:16:30

12:32:24
28:29:24

6 1 22h 07/12/2013
12:45

08/12/2013
10:45 3.0 4.9 - Correct

7 2 31.5h 08/12/2013
10:45

09/12/2013
18:15 3.0 4.8 0-0.11 band 0:54:29

23:29:24

8 3 22h 09/12/2013
18:15

10/12/2013
16:15 3.0 4.7 - 17:26:24

17:39:39

9 4 31.5h 12/12/2013
1:24

13/12/2013
8:54 2.8 4.7 - 13:11:24

11 1 22h 13/12/2013
16:22

14/12/2013
14:22 2.8 4.8 - 21:53:24

10bis 5 31.5h 14/12/2013
14:23

15/12/2013
21:53 2.7 4.7 - 0:09:30

12 2 31.5h 15/12/2013
21:54

17/12/2013
5:24 2.6 4.8 - 9:53:31

21:30:36

13 3 22h 17/12/2013
5:24

18/12/2013
3:24 2.6 4.6 0.17-0.22 band

11.4-14.37 band -

14 4 31.5h 18/12/2013
3:24

19/12/2013
10:54 2.7 4.7 0.17-0.22 band

11.4-14.37 band -

15 5 31.5h 19/12/2013
10:54

20/12/2013
18:24 2.6 4.7 11.4-14.37 band -

16 1 22h 26/12/2013
22:15

27/12/2013
20:15 2.7 4.5 0-0.11 band

0.22-0.28 band

20:15:36
20:23:24
20:50:24
21:41:24

20 5 31.5h 02/01/2014
13:26

03/01/2014
20:56 3.0 4.6 0.17-0.22 band

20:22:12
29:09:36
29:31:12

19e 4 31.5h 03/01/2014
20:56

05/01/2014
4:26 3.0 4.5

0.11-0.14 band
0.17-0.22 band
0.28-0.35 band

10:55:12
24:28:12

21 1 12h 07/01/2014
11:12

07/01/2014
23:12 3.2 4.4

0.11-0.14 band
0.17-0.22 band
0.28-0.35 band

3:37:30
4:18:28

22 3 12h 07/01/2014
23:12

08/01/2014
11:12 3.1 5.0 - -

23 4 17h 08/01/2014
11:12

09/01/2014
4:12 3.2 4.8 0.11-0.14 band -

24 5 17h 09/01/2014
4:13

09/01/2014
21:13 3.1 4.6 0.11-0.14 band 11:07:12

26 1 22h 09/01/2014
21:13

10/01/2014
19:13 3.0 4.9 -

16:51:36
18:03:36
18:41:24
19:57:36

27 3 22h 14/01/2014
11:27

15/01/2014
9:27 3.1 4.9 3.59-4.53 band 4:36:28

32 1 17h 16/01/2014
14:47

17/01/2014
7:47 3.1 4.8 0-0.11 band 3:37:30

3:54:28

28 5 31.5h 20/01/2014
20:09

22/01/2014
3:39 2.5 4.6 0.17-0.22 band

11.4-14.37 band

14:45:36
17:27:36
21:56:24

*Time has been calculated using t = 0 when the run started.
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Table 4: Warnings of the complete DCIMX3 experiment. 

FFI (Freq.)
Run Cell StartTime EndTime

<20Hz <1Hz

Frequency 
domain 

warnings 
(Hz)

Time 
domain 

warnings*

5 5 19/09/2016
 7:22

20/09/2016
5:22 2.7 4.7 - 8:29:18

4 4 20/09/2016 
5:23

21/09/2016 
3:23 2.8 4.8 - 4:03:51

2 2 21/09/2016 
3:23

22/09/2016
1:23 2.9 4.9 - 7:45:39 

1 1 22/09/2016 
1:23

22/09/2016
23:23 2.9 5.0 - -

10 5 22/09/2016
23:23

23/09/2016
21:23 3.0 5.0 - 09:43:54 

19:13:54 

9 4 26/09/2016 
6:21

27/09/2016 
4:21 3.0 4.8 - 08:49:38 

11:59:38 

6 1 27/09/2016
4:21

28/09/2016 
2:21 3.0 4.9 - -

3 3 28/09/2016 
2:21

29/09/2016 
0:21 3.0 4.8 - -

14 4 29/09/2016
 0:21

29/09/2016 
22:21 2.8 4.9 - 11:32:02 

7 2 29/09/2016 
22:21

30/09/2016 
20:21 2.7 4.8 - -

15 5 04/10/2016 
2:23

05/10/2016
0:23 2.9 4.8 0.08-0.11 

band 12:51:41 

12 2 05/10/2016 
0:23

05/10/2016 
22:23 2.9 4.8 - -

20 5 06/10/2016 
20:23

07/10/2016 
18:23 2.9 4.9 - 01:27:01 

8 3 11/10/2016 
6:59

12/10/2016 
4:59 2.8 4.7 - 07:48:06 

09:21:06 

16 1 12/10/2016 
4:59

13/10/2016 
2:59 2.8 4.7 - -

13 3 13/10/2016 
2:59

14/10/2016 
0:59 2.8 4.8 0.17-0.22 

band 12:37:41 

19 4 18/10/2016 
3:46

19/10/2016
1:46 2.6 4.8 - 10:49:05 

18 3 19/10/2016
 1:46

19/10/2016 
23:46 2.6 4.7 0.11-0.14 

band

05:59:30
08:53:30  
15:15:30 

17 2 19/10/2016 
23:46

20/10/2016 
21:46 2.8 4.6 0.11-0.14 

band -

20a 5 20/10/2016
21:46

21/10/2016 
19:46 2.7 4.5

0.11-0.14 
0.17-0.22 

1.1-1.4 bands
16:51:48 

21 4 27/10/2016 
14:33

28/10/2016 
12:33 3.0 4.7 0.11-0.14  

3.5-4.5 bands
00:42:12 
02:42:12 

22 2 02/11/2016 
7:22

03/11/2016 
5:22 3.2 5.1 - 08:48:14 

23 1 03/11/2016 
5:22

04/11/2016 
3:22 3.2 5.0 - 03:25:22 

24 5 07/11/2016 
7:26

08/11/2016
5:26 3.1 4.9 - 13:38:42 

25 2 08/11/2016 
5:26

09/11/2016
3:26 3.1 4.8 - -

26 4 09/11/2016 
3:26

10/11/2016 
1:26 3.1 4.9 - -

27 5 15/11/2016
5:03

16/11/2016 
3:03 2.8 4.9 - -

28 1 16/11/2016 
3:03

17/11/2016 
1:03 2.9 4.9 0.08-0.11  

5.7-7 bands 13:40:54 

29 4 17/11/2016 
1:04

17/11/2016 
23:04 2.9 4.9 - 14:59:02 

30 2 22/11/2016 
3:41

23/11/2016 
1:41 3.1 4.7

0.08-0.11  
0.22-0.28 

bands

3:26:37
6:54:37 
 9:17:37 

*Time has been calculated using t = 0 when the run started.
























