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Baggage weight classification by extracting temporal features of body sway acquired from depth image sequences

Yuta YAMAGUCHI, Haruki NAKAYAMA, Takuya KAMITANI, Masashi NISHIYAMA, Yoshio IWAI and Daisuke KUSHIDA

We propose a method for classifying the weight of baggage carried by a person in an upright posture by finding temporal

cues of body sway from depth image sequences. When a standing person is viewed from an overhead depth camera, body

sway, which is a slight movement that naturally occurred in the human body, is observed. We consider body sway as
discriminative cues for baggage weight classification because it varies depending on the weight of baggage carried by a

standing person. To find the cues of body sway from depth image sequences, we can use the existing feature extraction

D

However, the accuracy of baggage weight classification is reduced if the existing feature extraction is simply performed.

The existing feature extraction causes this problem by seeing both the motion and the shape representing each person’s

cue to identify people. We consider that the shape of a person does not change even if the weight of the baggage changes.
To this end, we design a novel feature extraction that suppresses spatial cues of the shape of a person and emphasizes
temporal cues of the motion using the head region’s center position. The experimental results show that our feature

extraction improves baggage weight classification accuracy compared to the existing feature extraction.

Key words: Baggage weight classification, body sway, depth camera, feature extraction, temporal cue.
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Fig. 1 Examples of depth images of standing people carrying baggage acquired
from the overhead depth camera. Black color represents near regions
from the camera, and white color represents far regions.

3. BFPEORRIEGI SFANOESZRHITIFE

31 HE

FFECFMMENFLALBIEE 2 \Wh o, BREHEZ &N
FT2012, BEHIRXS2Y ICHRETRIZ I VAIZONWTE
25, ZOHICET, BREHFEORBFRHD TH 2EKROM
IEENCERL, FOBBBEORZIIZOWVWTEZ S, BHIX
NEZBEEORET XX, HPLEREDHEEIC X > TER
5. BRI, REEBL TV 2 BISES I FCBHIRI/D
LAY, FIGEOIZYBEIRIIKRELS RS, KWL TI,
HOBHBEREICEZ 5720, A\VWOHE FICHE I N-IEE
HATERATE. ZDOH AT ORBELRMFITIE, HEPNIERK
DN OBEITBWT, HAEROHE L Z 7 WEIRT
RAEDDZ. EECHRESNLZEEIXSEZH VWS LT,
FHW RO N B L1258 06% Fig. 1 1R3. B
OERERE A\YOEN EDTED, EADBO—HBRIT
WBZ YD,

FEH X OBl hZ \WOEE, stEEETro XS
WKRITPICOWTHRT 5. —RINCEEDI XS 51F, 3K
TTDOEMEBRL N TES. AHOFEEHEEZHWS Z LT,
R OEEFHEICEO SN ZHENH B, 2L, HOK
H2HE N[BT, BEEOREICKD, FEMIC/ A X
BEEND 22V, GREREOBHRIIIEF TNV
», HHEZOEERAVESGS, TOBBMEERZEICEZ S Z
YIRELWEEZOND., FITARNTIE, HOERE, 3
RIEDHEETCRTDOTIE AL, 2RIEDI LTy hTRITZ L
T, REMED /A XOHEEZMA L E2EZ 5. SR DG
EHEHICBWT, HEROARET LTy MEBREERL 72
fl% Fig. 2 1R T. 2B, YTy FEBROEROFEMIZ3.2
TibR 3.

O vy MEBENRE TE5E, APTOREX
2, NYRITE T2 Z e 2ERBLRTUIR SRV, FEITR
L7-Fig.2 TlZ, BEDERZ 2 32D AYEEEMRE LTV
3. Rbhokihz, GEMEWADOS LTy FMEGETL,
ANz, BESEVATO LIy FVEBRERLTWS. £
Mo EHICEBEWFERYEFO5E, THTIREVWFHRYE
HoBERIREEAYr LT, BEEEO Rk x X,
MNBOBERIC X 2HERPRELZITEY, FHRPOEX
W EBHERZIZI RN ThD. Ko THREDHE
X, FROBREZTFHICBWTERTRRWeEZONS. *
A TR, HEEO BT OKRE XIZoNWT, AR



v @ @
baggage

Heavy . ‘
baggage

Person 1

Person 2 Person 3

Fig. 2 Examples of silhouette images of head regions generated from the depth

images. On the left is a silhouette image of a short person, and on the

right is a silhouette image of a tall person.
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Fig. 3 Examples of silhouette images with the normalization of the apparent
size of the head regions.
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Fig. 4 Overview of our method for baggage weight classification.
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Fig. 5 Examples of the histograms of the depth values in the whole body re-

Histogram

Number §
of pixels 2

Few -
Small Depth value Large
(Near) (Far)

gions of people.

w’ w!

H, .

H'

®-
=

Fig. 6 Examples of the normalization of the apparent size of the head regions

in the silhouette images.
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Fig. 7 Computation of temporal changes from silhouette images using the ex-

isting methods and our method.
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Fig. 9 Examples of the participants carrying an attache case when changing the

weight class of baggage.
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Table 1 Average weight of baggage carried by the participants.

Weight class label | Percentage of body weight | Baggage weight
Ms 5% 3.0+ 0.3kg
Mo 10% 6.1 +0.7kg
M5 15% 9.1+ 1.0kg
Moo 20% 12.1 + 1.3 kg
Mos 25% 15.2 + 1.7kg

Depth l
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Timer
€ Participant
<
o~ 1.6m
Baggage
2.8m

Fig. 10 Experimental setting of the depth camera and the participant.
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Fig. 11 Accuracy of baggage weight classification. In (a), we evaluated the ac-
curacy when using the LM, ILM, and CM features. In (b), we evaluated
it when using the SVM, RF, and GBDT classifiers.
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Fig. 12 Accuracy of each weight class of baggage. We used our method that
incorporates the CM feature into the GBDT.
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Fig. 13 CM features averaged between the participants for each weight class.

Table 2 Confusion matrix of baggage weight classification among M5, Mo,
M5, Mag, and Mos weight classes.
Predict weight class

Ms | My | Mys | Mz | Mos
g Ms; | 11 1 2 1 0
;3 My, | 4 6 2 2 1
2 My | 3 3 5 2 2
2 My | 2 2 1 7 3
& My | 1 0 0 1 10
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Fig. 14 Examples of the head region, shoulder region, and whole body region.
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Table 3 We compared the accuracy of baggage weight classification between
methods using deep learning techniques or several combinations of the
existing feature extraction and the classifier.

Method Accuracy
Ours 49.242.1%
LSTM 22.5£1.8%

GRU 18.0+2.5%
C3D 27.7£2.5%
STHOG | 37.6£3.1%
GEI 24.7£2.8%
DI 27.6£5.2%

THOG 18.943.0%
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Fig. 15 Setup of the visual inspection of baggage weight classification by the

observers.
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