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1. Olfactory navigation
What do salmon and homing pigeon have in 
common?

2

Evidence suggests that both species
use olfaction for navigation.
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1. Olfactory navigation
Could humans use olfaction for localisation 
and navigation too?

3

Yes, they could.

But it might not be very
  practical as it requires
- crawling on the floor
- marking of different 

tracks with different 
scents

Is there a better solution?
Porter et al. (2007)

?
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2. Localisation using aroma fingerprints
Electronic noses perceive and quantify the 
scent of a location.

4

Environics ChemPro100i

Electronic noses (eNoses) mimic
  biological sense of smell & brain

Different types of eNose sensor
  types exist

IMS sensors do not age

ChemPro100i yields usable
  measurements on 14 channels
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2. Localisation using aroma fingerprints
Ion mobility spectrometry based eNose works 
a little bit like coin sorting machine.
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2. Localisation using aroma fingerprints
Measurements were collected at 7 locations 
under different conditions.

6

location 1

location 2

location 3

location 7

location 6

location 4 location 5
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2. Localisation using aroma fingerprints
K Nearest Neighbour (KNN) classifier is used 
for localisation.

7

eNose measurements are standardised

Location estimate is label of K training samples
  closest to test sample

Closeness measured by Euclidean distance

K=5

K=3
P,Q..vectors

<latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit><latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit><latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit><latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit>

N..vector length
<latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit><latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit><latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit><latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit>

 
NX

i=1

|Pi �Qi|2
!1/2

<latexit sha1_base64="hfmDPVTqYT2i3tE+FMT/OVZYbWA="></latexit><latexit sha1_base64="hfmDPVTqYT2i3tE+FMT/OVZYbWA="></latexit><latexit sha1_base64="hfmDPVTqYT2i3tE+FMT/OVZYbWA="></latexit><latexit sha1_base64="hfmDPVTqYT2i3tE+FMT/OVZYbWA="></latexit>
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2. Localisation using aroma fingerprints
eNose-based localisation by K Nearest 
Neighbour algorithm has potential.

8

All standardised eNose measurements are used

10-fold cross validation is used

Average over validation accuracies of 10 runs



Müller, Nano Seminar, 2 Feb 2023, slide    

2. Localisation using aroma fingerprints
Presence of people changes eNose readings.

9

Classification rate (%) for NN 
trained in empty spaces and 
tested in crowded spaces

Classification rate (%) for NN 
trained in crowded spaces and 

tested in empty spaces
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2. Localisation using aroma fingerprints
IMS channels are correlated. Principal Com-
ponent Analysis (PCA) removes correlation.

10
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<latexit sha1_base64="oTpcqEuDimZKY2lcdPUFLMA2J7U="></latexit><latexit sha1_base64="oTpcqEuDimZKY2lcdPUFLMA2J7U="></latexit><latexit sha1_base64="oTpcqEuDimZKY2lcdPUFLMA2J7U="></latexit><latexit sha1_base64="oTpcqEuDimZKY2lcdPUFLMA2J7U="></latexit>
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2. Localisation using aroma fingerprints
IMS channels are correlated. Choice of chan-
nels used for localisation affects accuracy.

11

Principal Component
  Analysis showed that
  channels are correlated

First 2 components ex-
  plain 95% of variance

First 4 components ex-
  plain 99% of variance

room IMS PCA 95% PCA 99%

1 48.54 52.10 53.07

2 93.19 93.19 100.00

3 27.18 34.30 27.51

4 3.26 0.00 2.93

5 0.00 0.00 0.00

6 26.84 27.63 26.53

7 0.00 0.00 0.00

Classification accuracy in percent
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2. Localisation using aroma fingerprints
Choice of distance measure influences classifi-
cation accuracy and computation time.

12

67 distance measures tested (full list available at:
  http://butler.cc.tut.fi/~piche/misc/distanceMeasures.pdf)

Euclidean (                 )

Ruzicka

Canberra

Vicis-Symmetric

p = 2, r = 2
<latexit sha1_base64="yA25xoRzF85OEIqxz82LKkGOJLo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQSCHrxGME8MFnC7KQ3GTI7u8zMCiHkL7x4UMSrf+PNv3GS7EETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPphxgn5EB5KHnFFjpcekWrkgilRJpVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn84ik5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrP3SZ8rZEaMLaFMcXsrYUOqKDM2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEMJDzDK7w52nlx3p2PRWvOyWaO4Q+czx8DwI8q</latexit><latexit sha1_base64="yA25xoRzF85OEIqxz82LKkGOJLo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQSCHrxGME8MFnC7KQ3GTI7u8zMCiHkL7x4UMSrf+PNv3GS7EETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPphxgn5EB5KHnFFjpcekWrkgilRJpVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn84ik5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrP3SZ8rZEaMLaFMcXsrYUOqKDM2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEMJDzDK7w52nlx3p2PRWvOyWaO4Q+czx8DwI8q</latexit><latexit sha1_base64="yA25xoRzF85OEIqxz82LKkGOJLo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQSCHrxGME8MFnC7KQ3GTI7u8zMCiHkL7x4UMSrf+PNv3GS7EETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPphxgn5EB5KHnFFjpcekWrkgilRJpVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn84ik5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrP3SZ8rZEaMLaFMcXsrYUOqKDM2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEMJDzDK7w52nlx3p2PRWvOyWaO4Q+czx8DwI8q</latexit><latexit sha1_base64="yA25xoRzF85OEIqxz82LKkGOJLo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQSCHrxGME8MFnC7KQ3GTI7u8zMCiHkL7x4UMSrf+PNv3GS7EETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPphxgn5EB5KHnFFjpcekWrkgilRJpVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn84ik5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjtT7hMUoOSLRaFqSAmJrP3SZ8rZEaMLaFMcXsrYUOqKDM2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEMJDzDK7w52nlx3p2PRWvOyWaO4Q+czx8DwI8q</latexit>

 
NX

i=1

|Pi �Qi|p
!1/r

<latexit sha1_base64="rlitXwEyShIHYz6Ini+j6bJP9OE="></latexit><latexit sha1_base64="rlitXwEyShIHYz6Ini+j6bJP9OE="></latexit><latexit sha1_base64="rlitXwEyShIHYz6Ini+j6bJP9OE="></latexit><latexit sha1_base64="rlitXwEyShIHYz6Ini+j6bJP9OE="></latexit>

N..vector length
<latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit><latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit><latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit><latexit sha1_base64="yjnRV0FRfz0ghISqw07RwguiAgY=">AAACAnicbVC7SgNBFJ31GeMraiU2g0GwWnZF0DJoYyURzAOSEGYnd5Mhs7PLzN1gWIKNv2JjoYitX2Hn3zh5FJp4qsM593LvOUEihUHP+3aWlldW19ZzG/nNre2d3cLeftXEqeZQ4bGMdT1gBqRQUEGBEuqJBhYFEmpB/3rs1wagjYjVPQ4TaEWsq0QoOEMrtQuHt9R1aRPhAbMBcIw1laC62Bu1C0XP9Sagi8SfkSKZodwufDU7MU8jUMglM6bhewm2MqZRcAmjfDM1kDDeZ11oWKpYBKaVTSKM6IlVOjS058NYIZ2ovzcyFhkzjAI7GTHsmXlvLP7nNVIML1uZUEmKoPj0UJhKijEd90E7QtvYcmgJ41rYXynvMc042tbytgR/PvIiqZ65vuf6d+fF0tWsjhw5IsfklPjkgpTIDSmTCuHkkTyTV/LmPDkvzrvzMR1dcmY7B+QPnM8ffnOW3Q==</latexit>

NX

i=1

|Pi �Qi| /
NX

i=1

max(Pi, Qi)
<latexit sha1_base64="aYlYmhZxFuZ7OksCs/fUJ8dVmI0="></latexit><latexit sha1_base64="aYlYmhZxFuZ7OksCs/fUJ8dVmI0="></latexit><latexit sha1_base64="aYlYmhZxFuZ7OksCs/fUJ8dVmI0="></latexit><latexit sha1_base64="aYlYmhZxFuZ7OksCs/fUJ8dVmI0="></latexit>

NX

i=1

(|Pi �Qi| / |Pi|+ |Qi|)
<latexit sha1_base64="MADZHTkN8EVDJmrsxK/+WYGH6lY="></latexit><latexit sha1_base64="MADZHTkN8EVDJmrsxK/+WYGH6lY="></latexit><latexit sha1_base64="MADZHTkN8EVDJmrsxK/+WYGH6lY="></latexit><latexit sha1_base64="MADZHTkN8EVDJmrsxK/+WYGH6lY="></latexit>

NX

i=1

(Pi �Qi)2

min(Pi, Qi)2
<latexit sha1_base64="SXE2M2hyAfGQ5lYf00ryUopr9JA=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKmiZKYIiCEU3rqQFe4FOWzJppg1NMkOSEcow7+LGV3HjQiluXPguphdEqwcSfr7/HJLz+xGjSjvOh5VZWl5ZXcuu5zY2t7Z37N29ugpjiUkNhyyUTR8pwqggNU01I81IEsR9Rhr+8GbiNx6IVDQU93oUkTZHfUEDipE2qGtfeirm3YReuWknuUuhF0iEk0LFoPS0OrmPO6U08TgVM3jyDbt23ik604J/hTsXeTCvStcee70Qx5wIjRlSquU6kW4nSGqKGUlzXqxIhPAQ9UnLSIE4Ue1kumMKjwzpwSCU5ggNp/TnRIK4UiPum06O9EAtehP4n9eKdXDRTqiIYk0Enj0UxAzqEE4Cgz0qCdZsZATCkpq/QjxAJiVtYs2ZENzFlf+KeqnoOkW3epYvX8/jyIIDcAgKwAXnoAxuQQXUAAaP4Bm8gjfryXqxxtb7rDVjzWf2wa+yPr8AAiOkdw==</latexit><latexit sha1_base64="SXE2M2hyAfGQ5lYf00ryUopr9JA=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKmiZKYIiCEU3rqQFe4FOWzJppg1NMkOSEcow7+LGV3HjQiluXPguphdEqwcSfr7/HJLz+xGjSjvOh5VZWl5ZXcuu5zY2t7Z37N29ugpjiUkNhyyUTR8pwqggNU01I81IEsR9Rhr+8GbiNx6IVDQU93oUkTZHfUEDipE2qGtfeirm3YReuWknuUuhF0iEk0LFoPS0OrmPO6U08TgVM3jyDbt23ik604J/hTsXeTCvStcee70Qx5wIjRlSquU6kW4nSGqKGUlzXqxIhPAQ9UnLSIE4Ue1kumMKjwzpwSCU5ggNp/TnRIK4UiPum06O9EAtehP4n9eKdXDRTqiIYk0Enj0UxAzqEE4Cgz0qCdZsZATCkpq/QjxAJiVtYs2ZENzFlf+KeqnoOkW3epYvX8/jyIIDcAgKwAXnoAxuQQXUAAaP4Bm8gjfryXqxxtb7rDVjzWf2wa+yPr8AAiOkdw==</latexit><latexit sha1_base64="SXE2M2hyAfGQ5lYf00ryUopr9JA=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKmiZKYIiCEU3rqQFe4FOWzJppg1NMkOSEcow7+LGV3HjQiluXPguphdEqwcSfr7/HJLz+xGjSjvOh5VZWl5ZXcuu5zY2t7Z37N29ugpjiUkNhyyUTR8pwqggNU01I81IEsR9Rhr+8GbiNx6IVDQU93oUkTZHfUEDipE2qGtfeirm3YReuWknuUuhF0iEk0LFoPS0OrmPO6U08TgVM3jyDbt23ik604J/hTsXeTCvStcee70Qx5wIjRlSquU6kW4nSGqKGUlzXqxIhPAQ9UnLSIE4Ue1kumMKjwzpwSCU5ggNp/TnRIK4UiPum06O9EAtehP4n9eKdXDRTqiIYk0Enj0UxAzqEE4Cgz0qCdZsZATCkpq/QjxAJiVtYs2ZENzFlf+KeqnoOkW3epYvX8/jyIIDcAgKwAXnoAxuQQXUAAaP4Bm8gjfryXqxxtb7rDVjzWf2wa+yPr8AAiOkdw==</latexit><latexit sha1_base64="SXE2M2hyAfGQ5lYf00ryUopr9JA=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARKmiZKYIiCEU3rqQFe4FOWzJppg1NMkOSEcow7+LGV3HjQiluXPguphdEqwcSfr7/HJLz+xGjSjvOh5VZWl5ZXcuu5zY2t7Z37N29ugpjiUkNhyyUTR8pwqggNU01I81IEsR9Rhr+8GbiNx6IVDQU93oUkTZHfUEDipE2qGtfeirm3YReuWknuUuhF0iEk0LFoPS0OrmPO6U08TgVM3jyDbt23ik604J/hTsXeTCvStcee70Qx5wIjRlSquU6kW4nSGqKGUlzXqxIhPAQ9UnLSIE4Ue1kumMKjwzpwSCU5ggNp/TnRIK4UiPum06O9EAtehP4n9eKdXDRTqiIYk0Enj0UxAzqEE4Cgz0qCdZsZATCkpq/QjxAJiVtYs2ZENzFlf+KeqnoOkW3epYvX8/jyIIDcAgKwAXnoAxuQQXUAAaP4Bm8gjfryXqxxtb7rDVjzWf2wa+yPr8AAiOkdw==</latexit>

�2
<latexit sha1_base64="9h6ngA+1umwzMuamlsJbM7hLCZM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq0dH/KHWL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ugoyLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8Slq1qu9V/buLSv06j6MIJ3AK5+DDJdThFhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8ASddjtY=</latexit><latexit sha1_base64="9h6ngA+1umwzMuamlsJbM7hLCZM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq0dH/KHWL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ugoyLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8Slq1qu9V/buLSv06j6MIJ3AK5+DDJdThFhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8ASddjtY=</latexit><latexit sha1_base64="9h6ngA+1umwzMuamlsJbM7hLCZM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq0dH/KHWL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ugoyLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8Slq1qu9V/buLSv06j6MIJ3AK5+DDJdThFhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8ASddjtY=</latexit><latexit sha1_base64="9h6ngA+1umwzMuamlsJbM7hLCZM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWQY9FLx4r2A9o15JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzcxvPzFtuJL3dpKwICZDySNOiXVSq0dH/KHWL1e8qjcHXiV+TiqQo9Evf/UGiqYxk5YKYkzX9xIbZERbTgWblnqpYQmhYzJkXUcliZkJsvm1U3zmlAGOlHYlLZ6rvycyEhsziUPXGRM7MsveTPzP66Y2ugoyLpPUMkkXi6JUYKvw7HU84JpRKyaOEKq5uxXTEdGEWhdQyYXgL7+8Slq1qu9V/buLSv06j6MIJ3AK5+DDJdThFhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8ASddjtY=</latexit>

P,Q..vectors
<latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit><latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit><latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit><latexit sha1_base64="bjTNs2NEM0qvQouN/eUoPjurqcM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8CAhEUGPRS8eW7Af0Iay2W7apZtN2J0US+zBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFieAaXPfbKqysrq1vFDdLW9s7u3v2/kFDx6mirE5jEatWQDQTXLI6cBCslShGokCwZjC8nfrNEVOax/IexgnzI9KXPOSUgJG69lH1HNew4+AOsAfIRoxCrPSka5ddx50BLxMvJ2WUo9q1vzq9mKYRk0AF0brtuQn4GVHAqWCTUifVLCF0SPqsbagkEdN+Nrt/gk+N0sNhrExJwDP190RGIq3HUWA6IwIDvehNxf+8dgrhtZ9xmaTAJJ0vClOBIcbTMHCPK/OwGBtCqOLmVkwHRBEKJrKSCcFbfHmZNC4cz3W82mW5cpPHUUTH6ASdIQ9doQq6Q1VURxQ9omf0it6sJ+vFerc+5q0FK585RH9gff4Aj06VLw==</latexit>
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2. Localisation using aroma fingerprints
Choice of distance measure and PCA influence 
classification accuracy and computation time.

13
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2. Localisation using aroma fingerprints
Choice of distance measure and PCA influence 
classification accuracy and computation time.

14

K Nearest Neighbour (KNN) classifier
  using different values for K and distance measures

Linear Discriminant Analysis (LDA)

Support Vector Machine (SVM)
  Multiclass SVM to distinguish between 7 locations

Random Forest (RF) classifier

Stochastic Gradient Descent (SGD)
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2. Localisation using aroma fingerprints
Choice of classifier influences classification 
accuracy (and computation time).

15

Training data from crowded conditions, test data from empty conditions

40% of data from crowded used for training
 and 60% of data from empty used for testing
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3. Open questions and potential solutions
Environmental factors affect the mobility of 
ionised molecules.

16

Mobility depends on humidity, temperature,
  barometric pressure, air currents

Day time affects humidity
  and temperature at least
  outdoors

Indoors people affect
  humidity and temperature

Presence of people brings in additional molecules
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3. Open questions and potential solutions
Data post-processing and using sequences of 
measurements could improve accuracy.

17

Channel responses show
  significant fluctuations

Noise mitigation using
  sliding moving average

Bayesian filtering and smoothing should improve
  classification accuracy
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3. Open questions and potential solutions
Device heterogeneity is present for IMS 
sensors, but its influence needs to be studied.

18

IMS experience no signal 
  drift due to ageing

Device heterogeneity can
  be observed

Calibration could be done
  in different ways
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3. Open questions and potential solutions
Sensors that are safer and more affordable 
need to be tested.

19

IMS sensors are expensive

Most IMS sensors use
  radioactive source for
  ionisation

Advanced metal oxide sensors
  experience (almost) no ageing
  and are affordable
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3. Open questions and potential solutions
Aroma fingerprints should be combined with 
other means of localisation.

20

Conditional information for 
better accuracy and
  faster classification 

Technique should be fused
  with other indoor locali-
  sation techniques



Müller, Nano Seminar, 2 Feb 2023, slide    

Conclusions
Localisation using aroma fingerprints has 
potential but requires further research.

21

eNose-based localisation using KNN classifier
  can yield high validation accuracy

Various sensor for analysing gases still need to
  be tested and compared

Fusion of aroma fingerprints with other sensors
  and information is highly recommended

Thank you!
Questions?

Philipp Müller
Senior Research Fellow, D.Sc. (Tech.)
philipp.muller@tuni.fi


