Auracle: a wearable device for detecting and monitoring eating behavior
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Introduction

Eating detection and sensor inference

Motivation: Use technology to track and understand eating Raw data was preprocessed and segmented into time
behavior, in support of eating-behavior research. windows with uniform length and 50% overlap. We used a
two-stage classification model based on logistic regression.
Problem: Health science has no effective means for For each time window, we extracted features and compared
automatically measuring eating behavior outside the lab. the output of the classifier (Eating or Non-eating) against the
ground-truth label. We used Leave-One-Person-Out (LOPO)
Goal: Develop a wearable earpiece to monitor eating through | |cross-validation to evaluate our classifier's performance.
a waking day, unobtrusively, in free-living conditions. . oy
Accuracy Precision Recall @® Accuracy B Precision ¥ Recall
Digital earpiece
%0.8 go.gs
Bench-top apparatus: : o £ ox
We used the following setup to select optimal sensors, " oss -
features, parameters and classifiers for wearable devices. _
. oth Sensors Sengﬂgll‘.ospg?gition EMG 1 second 2 secondsWir?dsg\(;\cl)rg;szesdf seconds 5 seconds
[ Contact mlcrophone } [ EMG sensor } Results when using contact microphone Results with window size ranging from
— _ I and EMG, independently and combined. 1 second to 5 seconds
Data acquisition device }
¥ B (L3 LT T L S—_—
/ L t \ 10-bit 0.935 £+ 0.043 0.943 £+ 0.075 0.934 4+ 0.052
a O 0.94 -
: PIOP : o : | /H Results with bit resolution of 24-bit and
Feature extraction ™ Feature selection ™ Classification y . = ' 10-bit
é 0.91
P Feature type Description Number
E 090 Kurtosis Kurtosis 1
go_gg Mean Number of values higher than mean 1
wn Sum Sum over the absolute values of 1
0.88 ® Accuracy changes
—— Bl Frecision Peak Number of peaks at different width 4
' V¥V Recall scales
0.86 +—————1—1—1—1 , , , , Friedrich coef- Coefficients of polynomial h(x) fit- 1
12 3 45678 910 40 50 60 70 ficients ted to the deterministic dynamic of
Top k features Top k features Langevin model
Results with number of features ranging Top 8 features
from 1 to 70
| . : 0)
Placements for contact microphone, Electromyography (EMG) electrodes, and both In_ LOPO experlme.nts, we aChIe_Ved aCquaCy over 90.9%
sensors respectively. with 500 Hz sampllng rate, 10-bit resolutlon, 3-second
We conducted a study with 20 participants. We collected data window size and 8 features for eating detection of 6 types of
using both sensors for the first 10 participants and using food with different crunchiness level (3 crunchy and 3 soft).
contact microphone only for the second 10 participants. Each
participant ate 6 types of food and performed 8 types of Human interface

activities in laboratory conditions.

To maximize the utility of an earpiece, the wearer should be
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Food used, activity performed and duration for data collection.

We fused the contact
microphone, microcontroller, SD
card and battery into a

headband; we excluded EMG __ s
based on evaluation results and Earpiece interactions: (a) press a hardware Near-ear micro thumb-tip gesture can

Battery

Contact

| TIT . button; (b) gesture input on the device; (c) be sensed using a PIR sensor, a
Microphone ’
Microcontroller : feaSIbII_Ity for free-llvmg gesture input on the cheek; (d) head gesture; modality we are just beginning to
scenarios. (e) tongue gesture; and (f) use Amulet. explore for the Auracle.

Dartmouth @ e CLEMSON  auracle-project.org

Innovate - Evaluate - Disseminate

This research results from a research program at the Institute for Security, Technology, and Society, supported by the National Science Foundation under award numbers CNS-1565269 and CNS-1565268. The
views and conclusions contained in this document are those of the authors and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the sponsors.



