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Abstract

Ion mobility (IM) spectrometry (IMS), coupled with multi-capillary
columns (MCCs), has been gaining importance for biotechnological
and medical applications because of its ability to measure volatile
organic compounds (VOC) at extremely low concentrations in the air
or exhaled breath at ambient pressure and temperature. Ongoing
miniaturization of the devices creates the need for reliable data anal-
ysis on-the-fly in small embedded low-power devices e.g. the Rasp-
berry Pi. We present the first fully automated online peak extraction
method for MCC/IMS spectra [1]. Each individual spectrum is pro-
cessed (with a time restriction of 100 ms) as it arrives, removing the
need to store a whole measurement of several thousand spectra
before starting the analysis, as is currently the state of the art.

MCC/IMS Device and Data

Multi-capillary Column (MCC) Ion Mobility Spectrometer (IMS)
Separates analytes according to
time passing the column: reten-
tion time

Separates analytes according to
ion mobility (mass, shape): drift
time
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MCC/IMS Measurement
Measuring signal intensity at certain retention time R and drift
time T provides |R| × |T | Matrix S.
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Search for peak features (e.g. position, intensity). Peaks are
potential biomarkers. Challenge: compute the features during the
capturing without storing the whole matrix.

Step 1: Spectrum Reduction

Arbitrary single IMS Spectrum:
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Arbitrary IM Spectrum
Estimated Tailing Function

Describe spectrum as weighted mixture model of distributions:

fω,θ(t) =
ω0

|T |
+

c∑
j=1

ωj · Pθj(t)

1. Estimate and subtract tailing function using linear least
squares (NLLS) [2] with asymmetric error function

2. Use a moving window where size depends on physical properties
3. Fit a second order polynomial using NLLS within the window
4. Determine drift time parameters θ from polynomial for Inverse

Gaussians gµ,λ,o(x) := [x > o] ·
√

λ
2π(x−o)3 · exp

(
− λ
(
(x−o)−µ

)2

2µ2(x−o)

)
5. Subtract model from spectrum
6. Repeat 2, . . . ,5 until only noise remains

Step 2: Aligning consecutive Spectra

I Dynamic programming computation of best alignment score for
sequences of individual modes up to indexes i and j of reduced
spectrum T ′ and consecutive reduced spectrum T .

I Let 0 ≤ i ≤ |T ′| and 0 ≤ j ≤ |T |
I Score function s(T ′i ,Tj) for comparing Inverse Gaussians in drift

times
I Mi ,j contains best alignment score up to indexes i and j

I Mi ,j := max


Mi−1,j−1 + s(T ′i ,Tj)

Mi−1,j

Mi ,j−1

I Using log odds score function avoids additional computation
I Defining s(T ′i ,Tj) := log g(mj ,µ

′
i ,λ
′
i ,o
′
i)

g(m′i+δ,µ
′
i ,λ
′
i ,o
′
i)

I δ corresponds to the standard deviation of T ′i and depends on
grid opening time, drift tube length and electric field strength

Step 3: Merging Peak Chain

Let C = (P1, . . . ,Pn) be a chain of one-dimensional Inverse Gaus-
sian models:
1. Collect the peak height vector h = (hi)i=1,...,n at the individual

modes
vector h

2. Scan vector h again by fitting a second order polynomial in a
moving window

3. Estimate initial retention time parameters from polynomial using
NLLS for Inverse Gaussian

4. Improve parameters by using EM algorithm [3]
5. Drift time parameters for Inverse Gaussian are the weighted av-

erage over all models within C
6. Reject model when not satisfying properties i.e. min peak height,

width or model fitting score

Evaluation

Processing single spectrum:
Platform Average 1 Average 2 Average 5

Desktop PC 2.8 GHz 7.79 ms 3.10 ms 1.52 ms
Raspberry Pi 211.90 ms 85.49 ms 37.82 ms

Time series of discovered intensities of two peaks:
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