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ABSTRACT RESULTS AND DISCUSSION MATERIALS AND METHODS (2/2)
This poster presents a novel artificial intelligence Instrumental analysis The HS-SPME-GC/MS analysis
(Al)-powered framework to detect gasoline residues _ was performed on an Agilent 7830B gas chromatograph
from neat gasoline and fire debris samples. The 12122022 PDM5B_78_1.D coupled with a 95975A mass spectrometer (Agilent

framework consists of image transformation of gas R | ~~eo EETH?IOQEZ’ Santa Clara, CA). The settings are shown in
chromatography an_d Mass spectrom_etry (GC/MS) .data a==""" \ -~--"* ) eThjrne wés a total number of 390 GC/MS data (315
and transfer learning of a pre-tr.a_lned convolutional SUla (e Hlel K] [oT:410)] neat gasoline and 75 burned carpet data) collected for
neural network (CNN). The classifiers based on the

model training; 195 GC/MS data (90 neat gasoline, 90 fire
debris, and 30 burned carpet data) collected for model
verification.

Image transformation and transfer learning The GC/MS
data were first converted into summed ion mass spectra
(m/z 55-156). Second, the summed ion mass spectra were
transformed into scalograms using a continuous wavelet
transform (CWT) filter bank. Then, the training scalograms
were fed into a pre-trained CNN, GooglLeNet, to create a
classifier for discriminating “gasoline present” and “gasoline
absent” samples. The settings for CWT and transfer

framework are easy to develop and feature an
automatic analytical process and accurate results.

INTRODUCTION gaigline

100 pg/ 20-mL HS vial)

According to National Fire Protection Association
(NFPA) annual fire report [1], Ignitable liquids (ILs)
accounted for the largest share of civilian deaths/injuries
and direct property damages in arson fires. Because
gasoline is readily available on the market and easily (390)
transported, it has become the most widely used IL by Substrate

Training

. . . . learning are shown in Table 3. Both CWT and transfer
arsonists. The detection of gasoline residues therefore (100% Nylon carpet, learning were performed on MATLAB (The MathWorks,
assists with the determination of fire origin and cause. Verification 250 g/ 20-mL HS vial) Natick, MA).

Modern test method for identifying gasoline residues in fire Table 1 GC/MS settings
debris samples is GC/MS [2]. (195)

The recent advances in deep learning have made kG
iImage analysis a powerful tool for classification tasks. o 5 min
Convolutional neural network (CNN) dominates image 10 °C/min, 150 °C, 0 min
processing among all deep learning algorithms. A CNN 30 'C/min, 300 'C, 0 min
uses multiple layers to extract and recognize features from . ] Table 2. HS-SPME settings
input data. Instead of training a CNN from scratch, transfer Fire debris
learning improves the computational efficiency and (Brand A gasoline, 250 °C
performance by re-training a pre-trained CNN [3]. 12.5 pg added on 60 s

. 250 g burned substrate/ 300 s

In this study, an Al-powered framework was proposed 20-mL HS vial) T
to process GC/MS data and develop an intelligent classifier 120 s
for gasoline detection in fire debris samples. The GC/MS 120's
data was transformed into 2-dimensional scalograms and 250 C
utiized to re-train an existing CNN. The framework 600 s
Fhrce)vinge g[irgrr]nis(i;wggc;l:;?ri]ﬁeca:ieosrid522023222? ;(r)] fe(xacgi/tﬁ/ltg Accuracy Sensitivity Specificity Fl-score Table 3. Image transformation and transfer learning settings
analysis. - - o= - 1000

MATERIALS AND METHODS (1/2) o o : o 12
Sample preparation To prepare neat gasoline samples, 7 summedion  scalogram  Extractedvion " cummedion  Scalogram  Extractedtion e eormn exracodion " cummedion  Scalogram  Extractedtion 20
the stock solution was prepared by using gasoline standard mass spectra scalogram mass spectra scalogram mass spectra : scalogram mass spectra scalogram len
(20,000 ug /mL in methanol). The working solutions were " featsamples =

Figure 1. Examples of transformed images and comparisons of classification performance. m Fire debris samples (>25 pg gasoline added on 250 g substrate/ 20-mL HS vial)

prepared by serial dilution of the stock solution in the
concentration range of 78 - 10,000 ug /mL in methanol (N = CONCLUSIONS REFERENCES

8). Five L of each calibrator sample was transferred to a

20-mL headspace (HS) vial (Supelco Inc.) for HS-solid « Summed ion mass spectra and scalograms provided characteristic features of gasoline chemical profiles for transfer learning. 1 atonalFie Protosion Assositon (NePA, Inenional Structure Fires, tps:wwfoa.org/-mecialFiosiNows-
phase microextraction (SPME)-GC/MS analysis. . Classification performance: summed ion mass spectra = scalograms > extracted-ion scalograms. 2] ASTM Intermational, Standard Test Method for lgnitable Liquid Residues in Extracts from Fire Debris Samples by

Gas Chromatography-Mass Spectrometry. https://compass.astm.org/document/?contentCode=ASTM%7CE1618-

Prior to preparing spiked samples, approximately 16 e The Al-powered classifiers have limitations on predicting fire debris samples (LOD = 25 ug gasoline added on 250 g burned 19%7Cen-US&proxycl=https%3A%2F %2F secure.astm.org&fromLogin=true, 2022.

[3] D. Soekhoe, P. Van Der Putten, A. Plaat, On the Impact of Data Set Size in Transfer Learning Using Deep Neural

cm2 of a Nylon Carpet was burned by a butane torch substrate/ 20-mL HS viaI) Networks, Lecture Notes in Computer Science (2016) 50-60. https://doi.org/10.1007/978-3-319-46349-0 5.

(Bernzomatic, Chilton, W) for 1 min in the air. Then, 5 pL o The re-training of CNNs did not require manual feature extraction.
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