
Engn 395 Project 08: Hiding in Plain Sight—Blind Source Separation for 

Localizing Colon Motor Activity 

 
Figure 1.  Frequency spectra in the fasted (‘Pre’) and fed (‘Post’) states, and the difference thereof (‘Diff’).  The difference 
indicates the dominant frequencies of cyclical motor patterns in the colon which became active after eating a meal.  Subjects 9, 
11, and 12 show prominent double peaks---one at ~3 cycles per minute (cpm), and the other at about 6 cpm.  The latter does not 
fit any known colonic motor pattern characterized with invasive manometry. 

Background/Introduction:  
An estimated 1 out of 6 persons (~1.4 million Virginians along) suffer from gastrointestinal (GI) disorders 

of the colon, such as irritable bowel syndrome (IBS) and slow transit constipation (STC), yet treatment 

strategies remain ineffective in a substantial number of cases  Abnormal colonic motor patterns---

smooth muscle contractions that propagate up and down the colon that mix and propel contents---are 

believed to be an underlying cause, thus providing a critical target for more specific treatment and 



advances in patient care.  STC and IBS symptoms have been correlated with abnormal motor patterns 

using invasive colonic manometry, a method that records changes in intraluminal pressure with a 

catheter inserted into the colon.  

To bridge this technological gap, the Erickson-lab Colon crew has been developing a new technique to 

analyze propagating motor events in the human colon from a noninvasive multichannel array of body 

surface electrical recordings, termed electrocolonography (EColG).  Analogous to electrocardiography 

(ECG) for monitoring cardiac function, EColG records body surface potential generated by smooth 

muscle contractions in the colon using a multichannel array of skin surface (cutaneous) electrodes.   

Figure 2 shows a human subject outfitted with a 128 channel electrode array in a 8x16 configuration. 

 

Figure 2. EColG array on a human subject.  Two 8x8 arrays are affixed the subject’s lower abdomen using tegaderm surgical 
adhesive.  The numbers on the white square  pads mark the electrode locations. 

The EColG  experiment is pretty straight forward.   We affix an electrode array to the subject’s lower 

abdomen.  The subject starts the study in the fasted state.  This helps the colon turn “off”.  We record 

electrical signals for about 60-90 min.  Then we feed the subject a tasty meal heal way through the  ~2-3 

hour recordings session to transition the colon to an active “on” state.  Thus, we use the pre-meal as the 

baseline comparison when analyzing the post-meal state. 

Recently, we stumbled across a puzzling result (Fig 3).  Our initial analysis shows that in multiple subjects 

we observe two dominant frequencies, with one peak in the frequency spectrum at about 3 cycles per 

minute (cpm), and the other at 6 cpm. The former we expected to be there—the 3 cpm pacemaker is 

well classified from invasive manometry measurements.  However, the latter was fully unexpected.  

There is one vague literature report in from 1983 that describes some pacemaking activity at the 6 cpm 

frequency band near the rectosigmoid juncture, but no one has reported it since.   Probably because no 

one has bothered to look.  So, at our finger tips is a data set that suggests we can see this activity with 

our new technique, but this is far from certain.  This project seeks to elucidate whether the 6 cpm signal 

we see is “real”, and if so, where it is coming from inside the abdomen. 



 

Figure 3. FFT for electrode signals of human_006 at 6540 - 6740 s.  note the double (multiple) peaked nature with dominant 
frequencies at ~3.7 cpm (expected), and about 7.2 cpm (unexpected). 

 

Problem Statement:  

Design and implement a signal processing technique based on SOBI that can: 

1) Accurately discern the presence or absence of cyclical motor patterns of the colon.  These 

typically occur in the 2-4 cpm frequency band, but we suspect we also see another at 5-7 cpm.  

2) Localize the position/region of the pacemaker for the 3 cpm activity and 6 cpm activity, and 

compare their “epicenters” 

3) Do 1 and 2 over time, for about the first 45-60 min after the subject eats. 

Of course you may find inspiration from the method described in Erickson et al 2009, IEEE, Trans Biomed 

Engn.  

 

Data sets: 

There are 4 data files posted to box in the GIdatafiles folder.  The subject number is indicated in the file 

name.  Each data file consists of about 30-60 min of electrical data from the recording session.  Each 

team will analyze ONE of these data files.  For each data file, the team should analyze at least 10 data 

windows, each about 2 min long, to establish generality of a result.  

The variable ‘bdf_fs’ is the sampling frequency value (Hz); this should be 100 Hz for all data files.  The 

electrical signals are stored in rows of ‘bdfdat’.  For instance, if you want to view the signal recorded by 

channel 10, do: 

>> sig10 = bdfdat(10, :); 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2760223/pdf/nihms127947.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2760223/pdf/nihms127947.pdf
https://wlu.box.com/s/3sjiba3khu82kea9ik653b5091xi6kgt


Also available is an electrode configuration file (Figure 4). specifying the spatial location of each 

electrode.  You will need this to tackle the localization aspect. 

Lastly, some helpful matlab functions are also available, specifically SOBI implementation in sobi_v3. 

 

Other matlab functions you will likely want to use: 

Filtering:  butter, filter, filtfilt 

Fourier Transforms: fft, ifft 

Project specific: sobi_v3, sparseness, reshape, contour, meshgrid, 
lsqcurvefit 

Statistics: mean, median, std, mad (or robustSTD) 

Other: diff, sneo, + anything else built-in that you find useful 

 

Report your findings: 

By now, you know the drill.  Describe your methodology for processing the data.  Be specific in your 

description of the signal processing details. For instance, when you apply a filter, say the order of the 

filter, the cutoffs, what type of filter, any other relevant details.  Beautifully illustrate your findings in a 

written-report. The report should also summarize the triumphs and challenges of the signal processing 

method you devices. 

 

 

Figure 4. Electrode configuration.  The signals in the variable 'bdfdat'  are in 'column-major' order as shown here. 


