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Abstract

The destruction and loss of natural ecosystems on this
planet have long been recognized as the greatest challenge
to humankind. The main cause is human economic
activities, especially development projects. In other words,
the "economy" or "development projects" to enhance the
well-being of human society and the preservation of
nature and ecosystems, which are the basis for the survival
of humans as are unfortunately still
incompatible. The concept of "sustainable development,”
discussed at the 1992 Earth Summit, was devised to
reconcile the two. The SDGs as the measures to realize

organisms,

them, but the global environment continues to deteriorate,
and humanity has not been able to change such trend.

Al on the other hand, is developing at a tremendous
pace, and the possibilities for Al are limitless. Therefore,
if it is possible to integrate ecosystem conservation and Al,
which have rarely been seen on the same stage, new
possibilities may be born. With this in mind, I would like
to introduce my research encompassing Environmental
Impact Assessment (EIA), Habitat Evaluation Procedure
(HEP), Biodiversity Offset/Bank, ecological restoration,
Landscape, Soundscape, Aroma-scape, green
infrastructure, “Satoyama” Banking and Earth Banking.
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3D Sound Source Tracking for Drones
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T seconds of acoustic signals input
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Calculate Direction Likelihood
for each Microphone Array

MUSIC spectrum of each microphone array

v

Calculate Predicted State
for each Particle

Predicted particle location and velocity
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’ Calculate Weights for each Particle ‘

Particle weights
y

’ Calculate weighted average ‘

Sound source location
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’ Variables ‘ Value ‘

a 0.5
b 3
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7z. {470 b0 T VAIERKI4D &S BBk~ 1 71
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Ground truth

Estimation

2 o 2 4
x [m]

5: ko B 7= HEE U

Ground truth
Estimation

Ground truth
Estimation

Ground truth
—— Estimation

TN\ N

~7 N\

2 3

4

# 2: BHF KL OBHFE2E (RMSE) (&)

5
Time [s]

6 7 8 9 10

6: &z BT BHTHER

10m | 20m | 30m | 40m | 50 m
Proposed method | 1.66 | 2.43 | 1.75 | 2.89 | 5.61
Method [8] 12.47 | 13.76 | 14.15 | 14.68 | 16.43
Method [9] 497 | 4.01 | 3.8 | 430 | 5.69

# 3 B VAR OB E (RMSE) (574)

10m | 20m | 30m | 40m | 50 m
Proposed method | 4.80 | 4.10 | 4.18 | 3.92 | 4.32
Method [8] 12.47 | 13.76 | 14.34 | 15.17 | 16.27
Method [9] 4.77 | 420 | 3.98 | 4.26 | 5.32
# 4 #BBCEIRREDEIFAGE (RMSE) (R7 4~/ 1 2)

10m | 20m | 30m | 40m | 50 m
Proposed method | 1.81 239 | 1.93 | 2.26 | 2.95
Method [8] 8.73 | 10.57 | 10.87 | 11.16 | 11.32
Method [9] 2.14 | 1.81 | 2.14 | 2.55 | 3.66
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Abstract:
tal monitoring applications.

Summarizing and visualizing auditory scenes are essential tasks for environmen-
In this paper, we address the mapping of sound events into low-
dimensional space by unsupervised manner considering long-term recordings. Because recorded
data is accumulated continuously or periodically in long-term recording data analysis, computa-
tional costs and the incremental nature of the analysis methods are significant. We propose an
unsupervised auditory scene analysis system, which uses an incremental low-dimensional embed-
ding technique SONG for visualization. To realize real-time analysis by using this method, we
improve the implementation of SONG algorithm by accelerating the algorithm utilizing just-in-
time compile and matrix computation techniques. In this study, we investigated the bottleneck
of this algorithm by the profiling and quantitatively evaluated the effectiveness of our accelerated
implementation.
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Abstract: A visualisation of the soundscape dynamics is one of the important topics in ecoacou-
sics. In this paper, We try to use robot audition techniques and ecological methods to visualize
the soundscape dynamics of forest animals for a long time. We create two false-color spectrograms
based on acoustic indices and direction of arrival of sounds to show the overall dynamics of the
soundscape of birds and cicadas in an about four-hour recording in a forest. The preliminary quan-
titative analysis of their vocal activities also implied that there might exist temporal avoidance
behaviors among them.

1 Introduction lar, we focus on the acoustic dynamics of birds and
arthropods, which are major species that dominate
Visualization is one of the key techniques when con- the soundscape in forests in early summer. It has
sidering roles of sounds in ecoacoustics: the subject been reported that birds are able to adjust both the
to understand their own properties and functions in timing and frequency of their signals to reduce over-
environments, and the tool for the indirect measure- lap with the signals of other bird species [6, 7], other
ment of biodiversity or habitat quality of environ- animals[8] and abiotic noise [9]. Hart et al. showed
ments [1]. Extracting a spatio-temporal structure of that birds significantly avoid temporal overlap with
a soundscape, which is a combination of sounds that cicadas by reducing and often shutting down vocal-
arise from both natural and artificial environments, izations at the onset of cicada signals that utilize the
is essential for both roles in order to track active in- same frequency range [8].
teractions among individuals and to grasp the overall We first illustrate the overall dynamics of the sound-
properties of acoustic events. scape in about four-hour recording, by showing two
We have been proposing and discussing novel ap- false-color spectrograms based on acoustic indices and
plications of robot audition techniques to visualize direction of arrival of sounds. Then, we further illus-
soundscape dynamics in the directional or spatial do- trate inter- and intra-specific interactions by classify-
main by using the direction of arrival (DOA) of sound ing localized sound sources into bird and cicada vocal-
sources obtained from HARKBird, which is a bird izations by making use of a typical acoustic index used
song localization software based on a robot audition in ecoacoustics. The preliminary analysis of their vo-
software HARK (explained later) [2, 3]. Inspired by calization activities indicated that there might exist
Towsey et al. [4, 5], we created a false-color spectro- temporal overlap avoidance behaviors between birds
gram that visualizes directional (DOA-based) sound- and cicadas, and intra-specitic turn-taking between
scapes in which the color of the spectrogram reflects cicada individuals.

the direction of arrival of sounds, expecting that we
can intuitively recognize directional variations of acous- .
tic events (e.g., different vocalizing individuals or an 2 Materials and methods
individual vocalizing in different positions) [2]. We
applied this to a 5 min recording with individuals of 2.1 HARKBird
Zebra Finch, each put in a cage around the micro-
phone array unit, and showed that the extracted vi-
sual information can reflect acoustic structures among
this simulated group of individuals in the directional
domain.

This paper further discusses an application of our
framework to a soundscape analysis of a complex sit-
uation of vocalizing animals in forests. In particu-

HARK is an open-sourced robot audition software
consisting of multiple modules for sound source lo-
calization, sound source separation, and automatic
speech recognition of separated sounds that work on
any robot with any microphone configuration [10].
See the website of HARK for detail®.

HARKBIrd is a collection of Python scripts that
enable us to conduct a field recording using micro-

*Nagoya University phone arrays connected to a laptop PC and analyze
Furo-cho, Chikusa-ku, Nagoya 464-8601
E-mail:zhao.hao@c.mbox.nagoya-u.ac.jp 1https://harkjp
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Figure 1: An experimental field (left) and a recording
node (right).

the recording using a network of HARK which are
designed to localize and separate bird songs in fields.
The HARKBird can estimate the existence and the di-
rection of arrival (DOA) of each sound source by using
the MUTItiple SIgnal Classification (MUSIC) method
[11] based on multiple spectrograms with the short
time Fourier transformation. We can further extract
separated sounds as wave files for each localized sound
using GHDSS (Geometric High order Decorrelation
based Source Separation) method. The detailed de-
scription of HARKBird and the scripts are available
from [12] and our website?.

2.2 Recording and vocalization local-
ization

We conducted an about 4-hour recording trial in the
Inabu field, the experimental forest of Field Science
Center, Graduate School of Bioagricultural Sciences,
Nagoya University, in central Japan (Fig 1). The for-
est is mainly composed of conifer plantation (Japanese
cedar, Japanese cypress, and red pine), with small
patches of broadleaf trees (Quercus, Acer, Carpinus,
etc.). In this forest, common bird species are known
to vocalize actively during a breeding season.

The recording system is composed of the follow-
ing components: a server node composed of a single
PC; a microphone node (1 (right)) which has a micro-
phone array (TAMAGO-03; System in frontier Inc.)
connected with a Rasberry Pi 4; and a Wi-Fi router.
The server and the node are connected together by the
Wi-Fi, which enables us to control the node remotely.
We placed the node in the field where there were some
songbirds and cicadas (1 (left)). A recording started
at 11:00am, June 27th, 2020 and ended at 3:20pm. In
the end, we got thirteen 20-minute recordings with a
total duration of four hours and 20 minutes.

We used the HARKBiIrd to export the informa-
tion about localized sound sources (i.e., the begin-
ning and end time, DOA, and its separated sound
file (wave file)). In this paper, we limited the fre-
quency range for sound source localization to 2.5 -
3.5kHz, in order to localize vocalizations of birds and

2http://www.alife.cs.is.nagoya-u.ac.jp/ reiji/
HARKBird/
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cicadas around this range. This is because some ma-
jor species of songbirds (Blue-and-white Flycatcher
(Cyanoptila cyanomelana), Red-billed Mesia (Leio-
thriz lutea), Eastern-crowned Warbler (Phylloscopus
coronatus) and Japanese Bush Warbler (Horornis di-
phone)) and some cicadas (Terpnosia nigricosta) were
singing around the microphone and sharing this fre-
quency range. We adjusted the other parameters in
HARKBIrd to localize these vocalizations as many as
possible.

2.3 Soundscape visualization with false-
color spectrograms

2.3.1 Acoustic index-based soundscape

Following Towsey et. al. [4], we create a false-color
spectrogram based on three acoustic indices: acous-
tic complexity index (ACI) [13], temporal entropy in
frequency bins (H[t]) and acoustic cover (CVR). Each
original multi-channel recording (16 bit, 1.6 kHz) is
mixed down to a single channel and its amplitude
spectrogram (256 frequency bins for 8 kHz, 512 sam-
ples for each frame) is created using FFT, which is
further divided into 10-second segments. The three
types of the spectrum are calculated for each segment
as follows:

H][t] spectrum: The temporal entropy of each
frequency bin in the amplitude spectrogram. The am-
plitude values (overtime in a focal frequency bin) are
normalized to the unit area and treated as a proba-
bility mass function. We calculate Shannon’s entropy
of this function, which is normalized by the maximum
value. This index is useful for picking up infrequent
vocalizations.

ACI spectrum: For each frequency bin, we cal-
culate the average absolute fractional change in spec-
tral amplitude from one spectrum to the next [13].
This index is proposed to estimate the abundance of
bird vocalizations in a target soundscape.

CVR spectrum: For each frequency bin, we cal-
culate the fraction of values where the spectral power
exceeds the noise power (i.e., the average over the val-
ues in the frequency bins of 5-8 kHz).

We get a three spectrum matrix of the whole record-
ing with three acoustic indices. Then, we create a
false-color image by mapping the values of the three
indices to the brightness of the RGB components of
each pixel: red=ACI, green—=1-H[t|] and blue=CVR.
The scaled values were assigned to each color in order
to make the value differences clearer.

2.3.2 DOA-based soundscape

We create another false-color spectrogram that visu-
alizes DOA-based soundscapes (Fig. 2), proposed in
[2], according to the procedures as follows:

1. We generate a grayscale spectrogram of the whole
original recording, where the (brighter) grayscale
value of each pixel reflects the (higher) energy
at the corresponding time and frequency.



Figure 2: An overview of DOA-based spectrogram.
(left) A circular color map, (top right) spectrogram,
and (bottom right) MUSIC spectrum (the likelihood
of sound existence in the space of time and DOA).

2. We generate a grayscale spectrogram of each
separated sound, and extract pixels of which
corresponding energy (dB normalized by the max-
imum value) is higher than 0.9 x the average
value over the spectrogram.

3. We pick a color in a circular color map that cor-
responds to the DOA of each separated sound.

4. We assign the picked color in (3) to those of the
pixels of the spectrogram in (1) that correspond
to the extracted pixels in (2).

2.4 Classification of bird and cicada vo-

calizations and their interaction anal-

yses

It is reported that CVR well responds to the continu-
ous cicada chorus [4]. Our preliminary observations of
the two spectrograms showed that CVR values around
the frequency ranges of vocalizations on which we
focus are significantly different between birds (low)
and cicadas (high). We classified the localized sound
sources into three classes (birds, cicadas, and noise)
as follows:

1. We calculate the CVR, values of 256 frequency
bins of each separated sound file with HARK-
Bird, and normalize these values so that their
range is from 0 to 1.

2. We calculate the sum of the CVR values cor-
responding to the frequency range from 2.6 to
3.1 kHz, which is further divided by the sum of
the entire values. We call this value the relative
CVR (RCVR).

3. Each sound source is classified as a vocalization
of cicada (or bird) if its RCVR is above (or be-
low or equal to) the threshold value 0.2. The
sound is regarded as noise if its RCVR is less
than a small threshold (=0.0 in this case).

Note that used the normalized value in order to ex-
clude the misclassification of cicadas due to other in-
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sect noises, and we adopted this threshold value be-
cause there were two peaks on both sides of the thresh-
old in the frequency distribution of RCVR. While it
is inevitable that this automatic but rough procedure
can lead to misclassifications, we think that the re-
sults are enough to illustrate the basic tendency of
their acoustic behaviors.

In order to investigate inter-specific interactions
between birds and cicadas, we compared the tempo-
ral changes in vocal activities of birds and cicadas.
Their activity in each 300-second time segment is cal-
culated as the total duration of localized sounds in the
segment, which is normalized by the maximum value
overall segments.

3 Preliminary results

3.1 Soundscape analysis

Fig 3 shows (a) acoustic index-based and (b) DOA-
based soundscapes. Each panel corresponds to a 13-
minute recording. In (a), we can see regions colored
with yellow (a mixture of red and blue) in the interme-
diate frequency range around 2.5-3 kHz. This means
that ACI and 1-H[t] reflected similar sound events.
These regions indicate bird vocalizations because high
values of both indices reflect large temporal changes in
the amplitude within short time periods. Actually, we
see repetitions of short and high-frequency vocaliza-
tions around the corresponding time periods in (b).
For example, we see some songs of Blue-and-white
Flycatcher (purple), Red-billed leopard (orange), and
Japanese Bush Warbler (green) in Fig. 4 (bottom,
14:16-14:19). The vocalizations were colored with sim-
ilar colors among vocalizations of each species but
they tended to be different between species. This im-
plies that a single individual might be singing in a dif-
ferent direction for each species. However, their song
colors tended to be biased strongly by simultaneously
vocalizing songs of cicadas in other time periods, and
thus the method needs further improvement.

We also see in (a) that there exist blue (CVR)
narrow regions around 3 kHz. They reflect songs of
cicadas as expected, and the corresponding clusters
of songs were indicated with quite different colors in
(b). This means that multiple individuals of cicada
were expected to be singing in different directions al-
ternately in this recording as illustrated in an example
situation in Fig 4 (top, 13:49-13:52).

3.2 Vocal activity analysis

Fig. 5 shows the distribution of vocalizations in the
space of time and direction of arrival, which were clas-
sified into bird and cicada vocalizations. The red and
blue bars represent vocalizations of birds and cicadas,
respectively. We found that multiple individuals of
both birds and cicadas were vocalizing during the
recording since their vocalizations were localized in
various directions. We also see that there were time
durations tended to be dominated by cicadas (e.g.



minutes minutes

Figure 3: The acoustic index-based (left) and DOA-based (right) spectrograms for an about 4-hour recording.
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Figure 4: Examples of DOA-based spectrograms showing songs of birds (bottom) and cicadas (top).
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Figure 5: The directional distribution of localized vocalizations of birds (red) and cicadas (blue).

1000-2000 seconds) and one tended to be dominated
by birds (e.g. 11000-12000 seconds).

Fig. 6 shows the changes in the vocal activity
of birds and cicadas defined in Section 2.4. In the
first half of the recording, the cicadas vocalized ac-
tively but the birds were relatively quiet, except for
the first 900 seconds. On the other hand, the birds
vocalized actively and the cicadas were gradually get-
ting quiet in the latter half of the recording. In addi-
tion, it is suggested that there were vocal turn-taking
between birds and cicadas at intervals of 5 to 15 min-
utes in that their activities repeated increased alter-
nately. This could be an overlap avoidance of vocal-
izations between them because the frequency bands
of vocalizations uttered by the birds and cicadas in
this recording were relatively close. However, we need
detailed analyses based on more sophisticated vocal-
ization classification procedures.

We also observed intra-specific turn-takings be-
tween cicada individuals. Figure 7 shows an example
of turn-taking situation. In this duration, multiple
cicadas vocalized in some directions. The cicadas vo-
calized at -50 degrees and -100 degrees alternately in
the first half. The cicada vocalized at -100 degrees
and the positive directions (100 and 150) alternately.
Both of them imply the occurrences of turn-takings
among multiple individuals.

4 Conclusion

This paper discussed an application of robot audition
techniques to a soundscape analysis of a complex situ-
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ation of vocalizing birds and cicadas in early summer.
We showed that two types of false-color spectrograms
based on acoustic indices and direction of arrival can
illustrate the overall dynamics of their acoustic behav-
iors. While the methods still need improvement, the
preliminary quantitative analysis of their vocal activ-
ities implied that there might exist temporal avoid-
ance behaviors among these birds and cicadas. We
also found that there might also exist intra-specific
turn-takings between cicada individuals.
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Abstract:

Recently, deep learning based speech source separation has been evolved rapidly.

A neural network (NN) is usually learned independently of a spatial model. However, a research

question remains whether the NN that is trained such as configuration is really optimal when speech

source separation is performed with the spatial model. In this paper, I will introduce conventional

statistical model based speech source separation and deep learning based speech source separation.

After that, I will introduce four research directions which incorporate a spatial model into the NN

structure.
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IR E XN, DROEEOE ZRD 5 A 23—
NRIRX—RTH 5.

NMF iZ ko TN EEE AW THWERE 77
B3 2121k, 2FHNERICHET 22 E0MD 5%
RUTHWNEREZRTEEZARY PV Wigget €77
TANR—Y a Y Hyggey ZHNT 5. THOITHLY 4
F—T7 4 VR EHEHT 5 Z e THNEHEOIRIER R
P27 T A Xiarger 2155

Wt arget Ht arget
PRl - el 2
WH 2)

7272, 0 BITADOBEZZ rDEERT. &RRIC,
Xiarget EXET 2HMHHRART b r T 2R
7 — 1) Z&H (inverse STFT; ISTFT) %@ $ % Z
CCTHWEFROBEES2EILTE 5. ZZTHAT
LHMHARYZ baro aik, AJMEBIC STFT %i#H
LTEON2DDTHITHD, Xiarges 2 DHEE S L
72bD 25 WA Z e THBHEEZM LXE5Z L
LARETH 5.

oX

Xtarget =

4 Onset-informed NMF

AHITIE, OLNMF ¥ 2z vz BIETRD 775
WOWTHHT 3. X112 OI-NMF 12 X 3 HHED D
mhERT. ANWIEEEOEE(EEICSTFT %A
LTHEONERIERARY b ZSay, SEELEWE
ROFEERZ O—H, HINIENEROIRIFEA R T
077 LTHS. FERANIFEFRZTH L WS KRR
JABBGER DTN B X N 5. FERT 2 &
T OI-NMF E7VOH#aw%EIT5> 2T, DLz WE
JEM AN FEERZN D S5 KO ITHEEXI NS, RIRIC,

%Hﬁﬁ“’i’)\jﬁl Lf:%@ﬁ“fo Wtarget & Htarget %%ﬁy‘
L, NMF L[FBRICY 4 F—=T7 4 L& (2) 1L o THED
NIARIBARY b0 75 JZISTFT 2@H$2 2 2T
HNEROBEEEE2EIT T 5.

OL-NMF O —F DR, NMF 1< X 2RI EEC
BT, BERZLEMEEHRE LTIRZ S X5 1TEA
L7nAF U227 S e {0,151 12H%. NAFY
RRAZIET VT 4 R— a v RV A XD 2 HITHIT
DY, 7774 R—a v BEBELL P TEAX
N3, N4 FVYRIEEAN LT NMF OHLRET IV
& LT beta process sparse NMF (BP-NMF) [26, 27]
PIEINTED, 2> TOLNMF ZRD X 5
WCERT 5.

X ~W(H®oS) (3)



ZIT, X € ZEST GATHRIEARZ ba 2T L (Zsg
FIEEBBRRDER), W, H (3% D NMF(1) &
ROEEZART ML T 7T 4R=2a v Thb.
AFV<27%, BEFDO NMF 2B 37 7T 4 X—
Ya v, 2EHMILT IEBREOERL(E, £
D10 DIETH Y /* 75 2 EEZFD. "L F VTR
IB1DIV—20IFT7 7T 4 R= a »OIETHEERD
FLTEY, 0D7L—AE 77574 R—2aryd
EICE S FRBOFTRIZOCKRE. ZONLF VTR
2BV T, HEERZNEZ~Z 780056 1 1XZE (LT3
TJL—5¥2 LTHS.

OI-NMF OE 7V (3) 13, BPNMF&H%K%EN
ARXETNE LTERIN, TETNVDOERE HERE
ELTRD XS ICHAMAAEEANT 5.

> WykHi Sk t) ;

k=1

2N

Xyt | W, H, S ~ Poisson (Xft

(4)

(5)
(6)

T, WV, B o BHRT DI DANA R—=RTF
X=RTH3. oV, ol ZHT =D HDIRAT X —
XTHD, %Fx«& FUCEE S 2 oW 13288 D
EHEBICBIT 2 28— 2N E2FET 2201 L h/hX
WMEICERET . —H, 7774 RX=>a > id0icks
ENAFUSRAIIERE L 722720, T 21 & D
DLREWVECHET S22 T, —EDOREIEF-
TAEZ ST 5.

Wi ~ Gamma (nyk | Q ,ﬂW) ,
Hj ; ~ Gamma (H;.m ’ aH,BH) ,

4.1 OI-NMF D&

ﬁ%&@%ﬁ@u FLLEALEANSFYTRY
YREFANOHAEDRICH . AETIX, ~NLFY
TRV e REERANOET) VB IO INS DB E
&7z OI-NMF &7 LOHER T IEICOWTEHAT 5.

NALFIRRY

NAF VSRR DHERDHEET V) V7T 3802, 2
ME IO X > T—EREER T2 L W IRE
EEZL. OFD, BERKE LTV LEEEIIRDOR
7L —LTHHELTWAHERNEL, %ﬁbfm
BRVWEEZIEIRD 7L — A BFHEE L TOWRVEERY
m.:@ﬁim%ﬁ%,ﬂ4fvvx7®$ﬁ\ﬁ%
~naZEEICE o TETMET B, XL FUTRY
S DHBEE S, = Sk, DS <L a 7HEHIZ L2 H

4.1.1
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i AELTD XS IcRSNS.

T
=p(Sk1) [ [P (Skt | Sk—1)
t=2
55 1 IH p(Sk1) BERAIDORRE 7 L — 2 OERDE S 1
ENHTHD, IR ao € (0,1) BT A—X LT
2R = I Ko TERSINS.

P(Sk,1)

(7)

(8)

= Bernoulli (Sk 1 | ao)

D (Skt | Skp—1) ENAFUSZAT Dt B2 L,U:O)/f :

TV I RADEEPNESHERFHETHD, "NV X—A75]
OB X > TEREINS.

Sk,t—1

P (Sk,t | Sk,e—1) = Bernoulli (Sg ¢ | a151)

1—-Sk,t—1 (9)
ZIZT, a151,a0-1 € (0,1) 3NA F USRI I
%%#Ei/ﬁu,ﬁiﬁi7ﬁ%#%iyﬁﬁmg
B3 2RTHD. ZNODEIE, HESE0EGMED
REDEDE, a1 1 1ITIEWVE, ag_ 1E01THW
EICRET S, (1) &b, "M F VUSRI S2EROHE
AIDTIEL TO XS ICRT IV TE 3.

K K T
S) = [T rSk) =[] p(Sea) [T p Sk | Ski-1)
k=1 k=1 t=2

(10)

- Bernoulli (S ¢ | ap—1)

4.1.2 RERRTH

DEELT2WEBREX T (7272 LJ < K) O&ES
FoTsh, HEje{1,2,...,J} T L THERA
@T—ﬁﬁu T = (Tj,l,"';Tj,n7"'7Tj,Nj) i)”ﬂ—‘%. foﬂé &
RESTS. ZIZT, N, 3FRjIIHLTEZHNEH
BRZIOEBTH D, FERL 1), ERERE AR EGEIR
DR 7 L— AN TRIND. ZORERLNE, %
BT 2ETAHROBRIIRNR T T 5720, N1 F
)< 27 LAY A4 ZOFEERZLIITH O € {0,117 0
FETRD LI ICERT 3.

17 Tk,n <t< Tk,n + Tonset

Ok = (k=1,2,...,J;n=1,2,...,N;)
0, otherwise
(11)
T ZT, Tonset ZRERANOFRRERT. FFREZRK

52T, RENLPEHWEHEL DAiOX A IV
WANSINTGETHIREZITO ZEDTED. Tonset
BRET X2 HWFHEUAOEFES SRS 2 AlhE

YDID 270, Tonser % 1/16 40, 1/841, 1/441 ... &
22, s> F<LEMET S TRTH S 1/8 41
FEBRINICREE LTz,



RETTILOHER

OI-NMF O HEBTH B REEARZ bV W, 72
TAR—Ya Yy HBIOANAFYSTRY S TS
% 72121%, XA RANC & D Zh s DFEER R HEwm S
X Ev. LarLl, FROMEMITNCHET 2
B 2D, T 23T 2N & o THIFHE TR
BUNCRD 2. X T2H 7Y 22T, oL
5.2 0TS E DRI TH Y IAF AR L,
¥ INHNDFE RS Z TRl EITS . OL-NMF
DiFEHDOY Y TY Y ITRERD LS IcREZh 3.

4.2

ﬂﬂ”~p<W7WH“%SmrX) (12)
fﬂ“~p<Hw1V@H%S@,X) (13)
S“>~p(s‘vV““hfﬂ”®,X) (14)

421 NAFIIRIOY>TIVH
NAFIVIRI7DEERIZ0D 1 DEE L 5720, 5

N EFRIMEINLX—A PHTRT LB TES.

Py
15
P1+Po> ( )

T, REP,PIESDA YTy 7Rkt EZRN
BTOERS 4 ZFHOTRD XS IcERIN 3B,

Skt | W, H, X ~ Bernoulli (Sk,t

Plzp(sk,t:]- ‘ Sﬂk,tvwaHvX)
PO:p(Sk,t:O‘Sﬁk,t7W7H?X)

(16)
(17)

T P (16) ZUTO XS IcEETINS.
Py p(Ske=Vp(X |W,H, Sk, =1,S-1.) (18)

(18) D 1 HL H 2 HEZZ W ZMRD LS ICHKT T &
MTES.

agp, =
p(Ske=1) = _ (19)
' afitfla(l)aikkla t>2
p]1c7t ép(X ‘ Wa-Hvsk,t = 17Sﬁk,t) (20)

F
o [T(X7% + WynHi )X exp(—Wy ik Hi)
f=1
(21)

ZZT, X;,]Z = Zl;ﬁk Wf,lHl,tSl,t THd. Lkdo
T, PLIERDESITRT ZENTES.

1
p =Pkt (22)
1= Skit—1 1=Skt—1_1 +>9
G151 Qo1 Pre U2
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RIS, Pol3RDESICRT B TES.

Py = (1 - aOS)pg,t?
(I-a57H(0

2T, ) AT (X)X Th B, (22), (23) B
XU (15) o Tt=12blHICH > TSV I7T5Z
ET, NMFPVRRAIZ2EREH TV 7T en
TZ 5.

T 72, HENADTEET 25030 TR A >~
KEICR-> T3 &2, BERLTHD Op, = 1
DA YTy 7 ADMEEY YT Y IERCHIDLT
Spe=1%23F%. ZhLSNDA > F v 7 2FH > 7Y
YIURERITHES . ZuT kb, OI-NMF Z#EE T %[5
WCHERZZ ANTE 5.

1—Spss (23)
— Qg1 )pg,w t>2

4.2.2 tHoEHOHIT) VIR

BEARZ MPVET 7T 4R=2arydHg Ty
7’1 &, BP-NMF OFX 724> 71 ¥ 7 [27] L AR
IFO &5 1CEHTE 5.

T
Wiy | H, S, X ~ Gamma (aW +>  Xpibpik
t=1

T
Y + Z Hk,tsk,t> (24)

t=1

F
Hi. | W,S, X ~ Gamma (OéH + ZXf’t(bf!t’k’
=1

F
B+ Skt Y Wf,k) (25)

f=1

4.2.3 OI-NMF O >FU>I 7TV XL

7TV X5 112 OLNMF OF T7RY$ > 7Y 77
NI X LBRT. RONCEER OO EITS. ¥
TRAY 2T v THER S N BRI, FIHEIC X
SIEEDMPCRT 2 Z e PHISNTWED, YOF
TR Y DFLRITHEE X2 23 IEIC K & RTF S
5. 207, BEEIFEERZZ 5 2 /-5 EKICH
52 X5ICFET 5720, HBEEREUZ score-informed
NMF [16, 17] 2Z2& 12 L YL S 5.

REZRZ P UZ, HU<EHDMHIE->TI R
DML T 2. 77T 4 R— a3 F, FHERZR
Bzl —2r3Hr~amToibts 5. F7-,

BERADREZ 5N TVWRWEREKIEZETDOX AL IV



Algorithm 1 OI-NMF Q¥ 7 2% > 7)) v 7

: W, HBXU S 29It

: fori=1,2,--- do
¢ _ WikHktSkt
Itk S WiriHy e Sie

X)L WEHYTY T

X (25) 26 HZY YTV 7

K (15), (22) BXU (23) h6 SEF YTV VY
: end for

B INARS W, HBELU S OHIFHEZFE

ZEIE

1
2
3
4
5:
6
7
8

THERBEMMEIEL S B0, RMICH >V~ 0% T
Mt 2. 2o 7L — 2130 THIHHES 3.

0, Opi#1(k=12,...,L
Hk,t = oH ! ( )
ﬁiH’

otherwise
NAF V2 RY BFRBEDL— VTS TR S 3.

0,
Skt = {
1,

ZD%, BEBOY > T > 7RI - TH > T A
PAENRT S, HOEBOEEX, N—2A4BOVP>T
NN L CTFER e oFzdbD b, 22T, N—
VA FY Y TIAREEFTHITEL TORWD
FEINL WM EERT 5.

(26)

Ori #1(k=1,2,...,L)

(27)
otherwise

4.3 HBHHNEROETT

X722y S ko TR IR EH
W, JEEOD NMF & RRICHNEROEEES%21E
TLT 5. 4.1.2 TR L D1Z, XA FVYTRZIZAT]
LSRN E->T, EEE=1,2,...,J 15T
ZEBRIMEZIND. ZDTD, Wiarget £ Hiarges &

LR % 52 = RE R FHWTRD & S5 IR T 3.

Wtarget = W,I:J7
Htargct = Hl:,],: © Sl:J,:~

(28)
(29)

AR LT 4 F =7 4% (2) Z@EHL, 1§64
7-BNEROIRIBEARS ba'F 20 L CTISTFT %
75 2 THNEROEEBEES 2B N TES.

SHESRER

AHITIE, OI-NMF 238 & R %2 FIH L THR R
ZOHECE A DMIET B30I To =X 07 4 5BEE
BRICOWTHHT 3. 72, BFEFEroliiIck 2
OI-NMF OHERMEMGEE & O EFHc O W T bt
BHT 5.

5
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5.1 RERERTE

ATZEICE, FHEOHERHOERE T -4ty
FT® % MedleyDB [28] 226, VU — L ZEET X
OT4DT )T = a YHBEFEET M UGERL
7z, 7—7 4 A 5 MusicDelta TH % 2 v X350H 8 B
(BebopJazz, CoolJazz, FreeJazz, FunkJazz, Fusion-
Jazz, LatinJazz, ModalJazz, SwingJazz) % F|f L 7-.
IHDID wav 7 7 A A5 BHE 20 B EYID H
L, 22,050 [Hz] KXY B> 7V 7 LB L
T, FFTH A X512 %7, F—=n—=F v 7 50%
RBEBBNI V7RO STFT 2HH T2 2 THLN
FRIEARS v v 27T L% OLNMF DA Lz, 7
B, 720X RITEEBDZ, FHERZH M5
WMEHEEALSLT VWD, BFELTWVWS L HIVEREOD
THEMRR LT RD. 2D, BT
DFE - FTEIRE DB [29] I X o TEBREL .

SEOFEBETIE, XAuT 4 2HBTE7 /77— 3
VI N AR HWERICREL, Zhz ot
TEHEBREITo7. OL-NMF ICANT 3 X007 4 2885
DFERZNE, MedleyDB 7—& v MIEENS FO
77 T—=2arhbERLEbDEA W, FOOEE
MIDI / — FEBIZEHL, /- BEEPET 2K
ANEFERAE Lz, B, €759 — 1 212X FO
DZALIFFEE LN EZ DI,

OL-NMF OEEHIF T+ REWVEE LTK =25 ¢
L, i NA =5 X—=KiZ oW =0.5, YV = 1.0,
ol =11, 7 =1.0, ap = 0.5, a151 = 0.99, ap1 =
0.1 ICHREL. FTZAY 7Y 203 200 FlfTW, 5
LYY TAD D BRED S 100 2 T F A=
4> UTHEE L THARHERGTE L /2.

5.2 DEtEEMIEIE

7 BIERS 2 FEAM D FE R 1, signal-to-distortion ra-
tio (SI-SDR), signal-to-interference ratio (SI-SIR),
signal-to-artifacts ratio (SI-SAR) [30] Z#RH L 7z. SI-
SDR 3HEE S N7 llEE L ik ) 4 XDHIc & - TE
RSN, TOEPREVEETHREEN I VW 2K
T &6, BAE A RZENERMSLOHERBRD
T A X TAIT V) XLHEKRD /) A XW2aToh, 77
g chon/ £ XDtz X o TSISIR & SI-SAR
MENZIEFREINS. SI-SIR & SI-SAR IZAWIC b
L— A 70BRICHD, KT B2 TEELD )
A R DIXELHI AR D Z W TE 5.

—fRIZ, 774 ¥ FERDEEOREE 2FHIS 579
12X, FERROFHMEFEE D 2 7 — LA ZERR T % SDR,
SIR BL U SAR [31] AHWVWHNLE ZeHZ V. L
L, OI-NMF O X 5 IZHfE I CEXEREEhd &
TR EZIEL CFHMlTE <% 5. SHDOFERK



14 14
| Im 1 ld u 'm m| 10000

12 12

10 " m 10 [l 7 0%
O NE B g (IR 1 ; 6000
o mi o1 ‘“ﬂ* mi o1 b

6 D | I 6 o g 4000

4 I J 4 I 2000 = e

2 | 1 2 | —— — ]

0 = E=
0 5 10 15 20 0 5 10 15 20 2 4 6 8 10 12 14
BEFRS [sec) BFRE [sec] 2K
ON R b)HGS (c) W

B 2: OI-NMF 12 X 2 H#EERI (SwingJazz). (a) BERZITH (B%) X4 F V<27 (GR). (b) 77T 4 X—
TavenLFIURRIDERME. (c) BREARZ ML, HEBK =25055, BElE527=J = 150D

BEERZFRRLTWVWS.

TR INSDIEIRD D, A7 —AAREREFHT
%22 T& ) IEER BRI IREL 72 5.

5.3 B

3L OIZ, OLNMF 12X 3 X a5 4 BE08ED
Bz Rg. Tl¥, SwingJazz 26275V v M %&
DEEL =BT 5. HERINEITRTDOERA IV
TRE RS EZ6NZHDEHAEL .

X 2 izHEE XNz OLNMF OB/ ZE KO — < v
TERRT. K 2(a) T AN FEEHL L HEE XA
FUSRTERT. NAF VUSRI PFEERZD 56
WTE7 /70— 1D X3 ICHEZINTWS., EEL =
1,8,11,12121 27 7V 2 v bSO EFEIHEE SN T
W H, BERAUPEELZVWTI L —LDIAZI1Z 012
BoTW3, F/-, HEEL=1312375V %y %
NN DRI E DR FRFCHEEINTLE > TS, X
2b) IWHEESNTNA FUVRRIET VT 4 R— 3
YOBEZEBERT. KX 2(c) ICHEEZINIZHEK AR b
NERT. 77V %y FOFEMESEATHNS
DHERTE2. HEKL=1,811,1212&27 5V % v b
TR WIEFRAR R D DHEE XN TWB D, Wt s 57
ITANR=Ya v e NI REZE > TWEDTIE
SHETRICI B SN S. 2060 SI-SDR ti#ER
3 4dB TH o 72, 1FH DZEM D BEFI © FIFIERD
YA MY THEZRTE 3L,

> >
— -

5.4 FERZIOBEMMEREL

OLNMF 2B} 2 RERLOEMKZ RS /729, O
NMF & FEEREZ % R U W B0 R % g
THERBREITo . BRI, FEERZIZ AL

Ihttps://github.com/YutaKusaka/
onset-informed-NMF-example
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* 1: FEERZIZHH T 2 FE GEERZH D OI-NMF)
ERA L wFiE FEERZZ L OI-NMF & B NMF)
® SI-SDR &R [dB] V. 7 v aNOHIIEEE(R
R

OI-NMF
REWAD Y FEEELR L BNMF
Bebop | 5.62 (2.46) —2.75 (3.32) | —4.42 (5.80)
Cool | 4.84 (2.75) —0.56 (3.10) | —0.83 (5.38)
Free | 4.49 (1.63) —3.37 (5.24) | —8.44 (14.7)
Funk | 9.86 (0.97) —3.69 (3.99) | —4.84 (7.32)
Fusion | 7.09 (1.21) —1.54 (3.33) 0.33 (3.22)
Latin | 5.77 (0.37) —4.58 (11.9) | —6.67 (10.3)
Modal | 4.52 (1.92) —5.60 (4.05) | —1.77 (5.52)
Swing | 4.29 (1.09) —2.38 (2.36) | —6.08 (1.82)

72y OI-NMF ¥ Bayesian NMF (BNMF) [32] Z$£&H
L7-. BNMF 13@% D NMF ZHREF L LTHETE
BIT5FTHETHS. Zho0RSRKAZFHLRWT
FiCk b HEE X7 f KX, BRRSEE e 2hlso
HWBFORETHHINATWARWL., 207D, O -
NMF O LS WCEEL=1,2,...,J ZFRHLTHEITL
7218513 OI-NMF O HfED TRZ 52 5. ZOTF
fRE OI-NMF O BEFEE % i3 5 2 & T, FEkXl
DEMEETHERT LN TES.

BEEMNT LT 10 Bl EEZ T o 72 & 2D, SI-SDR
SEERDOVY L EERARZR 1WORT. 2 To%hc
BWT, FBEER% AN Lz OLNMF T3 0 L
ETHY, THREENILEL TWD DGR TE 5.
—F, FERZZFHLRWFETIEEHEE 0 KT
HH, HNEFEODHENTETWARVWI EEZRLTWY
3. ZORERED, OI-NMF X HWZHED DEECHE
R EHA L TWA Z e DR T 3.



SI-SDREXZER [dB] SI-SIR [dB] SI-SAR [dB]
0 2 4 6 8 10 -10 0 10 20 -10 -5 0 5

Bebop : ' : : : : : : : : : : :

Cool —_— —— =t

Free p——t—me— p—— et

Funk ot W e
Fusion e == ]

Latin ——e i, — B [N,
Modal = e =
Swing == ———— ==

[ re1 100%  rei 75% 50% 25% |

B 3: RERZNOF ARG 2L Bt 2O EREZ(L. Fy ME 10 BoBEZ21T o728, 5 —A~—I34F

HRAZET. PR ANFEERLDOE G2 RS .

5.5 FERZIOREICH T B EEMEFTH

2 — AL E BEEL L 7208 & R E R % A )13 2 5%
WX, BERLRYIC K 2 FHERZ D —EREHD T
END. ZO—IEHRELRENAD AT SNz
BTH OILNMF 12 &k 2 HIYETRD 7B ATREDRAEE S
BEBEERIToT.. ZOFEBRTIX, REDRNFEER
(100%) Z*t U THEEENE D 75%, 50%, 25%127%% &
SEREIED S T VX LITRES B FHERLNZER L,
INHEANUIGEDOTEEE L Uiz, o5
BB 5 A AIETH 5. FHEICIE SI-SDR i
KIZMZ, COFEED ) 4 XBZEIDFTNR B 72912
SI-SIR, SI-SAR ®#E#FEe LTHIHL 7.

X 3ICFHIFSE R 2R, T3, FERAIEET
SI-SDR OEGEERDNEEM 0 L Ly iz, FERLOHE]
BREDFT 21200 T, FNIFD L, BRI
TRMEMCH D Z e HPERTE 3. FfTTofEh
TRERHERET 2, RENAOEENED T 512D
N THRERZNHIG T 2 F OHEE ISR T 2 EEH
mLcTsh, ZoksREAPHATHIEEZ LN
%. %72, SI-SIR ¥ SI-SAR 2B LT SI-SDR ¥ [A
BOZ(EADA LN, ZheZHET % 2, OL-NMF
WKBWTE 7Y RLHKRD /7 4 ZDIE D DB
TH23 e WHERTET.

F 72, BERZEIED 50% 25% D & 5 1I2hine
%, WL OnDERITT SI-SDR DiERD 0 AT Ik
D, THHCHEBL TV Z R TE . X6k 5E
KxIT75 72, OLNMF IZ A1 3N 3 BERZHD R E
DEEEREL, FHREICH LT 1 9B RERE 5
ZTHEES 2 ERE /I 10 W7o 7. ZORHE, %
< DI THEECRRL TV 2734 51, Freelazz
Tl 4[], LatinJazz T 6 [8], SwingJazz Tl 8 [A15k
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MLTWBZeDHERTE]. ZhoDERLD, A
NFERZ DD 72T E 581378 S 5 & T4
Xhb. —HT, 50U LOFRERLANEZ 5N 585
BREPEHBEORLITNEIMALNTED, FHER
HNDO—HDREETEL THHENTE 2 L x5,

5.6 REEBZOITNICN T ZEEMETE

Z—HFHRAS L IRHERLNZ, REZTTRIED
ME» DTN EL e THlENS. ZORRA
AT NEEOREFEDP AN I NG ED, OI-NMF
DITHEDLIEN 2 WEE T 2 21T o 72, FEEREZIA
ZLThiE, BB —PFICRERLT 281217 o
Fo TS SN HEHEIC KD & FEREONE
55 10 ms %5 [33], FEHEMRZEA 100 ms [34] DIEH T
mTETMELZ. DFD, ThEEERVIHEERL
EreTahe, TNEEUHERA T IEIRD & 51Tk
TIEHTES.

T=T+¢€

(30)
e ~ N(0.01,0.1%) (31)

R¥EDZN 100%DFEERZ L, i (30), (31) &
WAL TER LI e B0HRERZ O 2 /2 A
L7BRDZNENDNEREEZ R L. Z0EED,
5.4 Hi%e 5.5 HiDEER ¥ FIFED 7 X — & T, FHhc
10 [ EEE 1T - 7z,

4 IZEHHifE R 2R 3. CoolJazz & Freelazz % R
ETORIT, Tk o THEERENHLL TW
5 Z DR TE 5. BebopJazz £ ModalJazz @ SI-
SDR BERIX, TR VEEICHRTRELHLILL
TW3 2, oM cidHbiEs/hx <Mz shTn



SI-SDRE{ZE R [dB]

-2 0 2 4 6 8 10

Bebop | | ’~ = 3;' i j
Cool T *

Free '_.3_'

Funk |_.'__.|_'
Fusion —_—

Latin |_."_.|"

Modal | ———9 1 | FThrL
Swing = ' TheY
B 4: FEHERZNCT N2 GOEHE O THEREE O L.

Ky M 10 BIEEZIT - 72, =5 — N —I35E(R
EERT.

%. BebopJazz ¥ ModalJazz DK = i BEEEH LD
JRRE LT, /A4 XMERoEEEERIR 2RI
FELTEBD, TNEHNEREE> THELTWS Z
EWEZLND. Fiz, CoolJazz ¥ FreeJazz IZE W
TiE, TZEERVEEIDIEVIEIEELZRL
TW3., Zhi, 7—Xty MZEENBF07 ./ 7—
aVvhofERLRERANIDD, INEFAILH
BERADIESREDBELTWEDEZLNS. #
D=, SHRITIATHEERLNDOIER T IEIC X % 7B
BEOEMBREGEERT I2DEND 5.

P Eo3EBIz &Y, OI-NMF (355 407% R LT
THEEL 72 W B ZRINCHEETZ 5 Z e dRa
7o oI, ANREMPER T 2BICHEE NS LALT
DGR DRER T Wo 120 E B 2 BEHE
L7 BEDTx 2 2 R LT,

6 HHDIC

ARTIE, DBEEL 72 OETROR SR Z fd s e L
THT 2, L OWETRERDBEFETH % onset-informed
NMF Z#R L7z, BERZZ NMF X — 2 D EJH577HE
TV =0T —=INHAALTDIZ, NMF O7 7 7 4
R—=yaZela7EEIcHZHILN, F YR T %
BAL, YR LTRERLZH -7, 2512, N4
FVRRAZ L RERLDEDTETVENHRT 27V
DY X LEEN U, TEEREE 2GRS 2 525T, FE
BRAO—EBRE LD, KA ThESDL X
I RBENRREIIBNTD, BELDHEEFERT
e R T E AR ER L.

BEDOMEL LT, HEIR L FEEERFIRICH
FLTW2 X5 REGE, NMF o8 L, OI-NMF T
BIhoENHT 2LV EEZONS. TD
Je®, BEEZARZ U LT HNE RO FHAEE I
BT 202D A2 LT, HINEEHEDRE
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Abstract: AR, 470K 7 LA 2R T I~ 70 R DNETNERE (F¥ ) 7L —
Tay) TAFEIOVWTENS., HREFEE, ~4 70k OME, FROARY b, FESh

= AT
IREE

DARYT PVICHET BHERNERE T VICE SV TV, ZHIZED, EROFETIER

RS RRAE AN LX) T L —2a v RERT S, COEFARESE, BHILLES
FIR T 2 RAERERHEEFEDOMR L LT~ A 70 R MBOF vV T L—2a Y EEKRTS. 3
O~ 70k 7L A 2HWEY I 2L —va VERICK D, BEFHRIRESSZICHLTA 2
ORVBOF ¥ L —aryBITR3I e ARENT.

1 FC®IC

W, v4 7Ry 714 Ry VYDA R
TNAL ZWHEHEINDE LI ->TED, w470k
¥ 7 LA DUERE & W B IRENM L E IR Bl 72 ¥ D
BHEEEAIREA 2 R T WS [1-4]. BRI
REHADE L LTIE, AX—FAP—H—RFu—V
ERWERERIZEBETONS. AIEIXERICHE
T 2RMmO—FREY LTI RTEY, @&
DFAETNANAL ZAD T > I TRTHEMie LTHYWS
TW3., BERKERICBIIZ2ERYERRDO-DD
Fifie LTHgExnTBh, FEATC B Iz Z)
EHEPVBGETOERTEY A ML — a YHBRICAT
bhtwd. EEHOYRTFLD X512, HEHFOLEE
HHfEZ Ry MWL TEETZ2 ) ZHIELT
W3 BaRy MNER Y XN 2 0ESEEWEE 0T
EHEDTVS [5].

EBIC A 7Ry T LA DBEFETIEHINLE,
XA ZARYT LA NDNRT X RPN BREZ 2 &
CIRIERICEELRFETH 3. TORKITEIRES
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WA 7aRy 7 LAINGERT 5 2 ToEBICHEY
RIEL, WD T X ZIEREMZED 7 LY R
LB LTRHWSHN S 720 ZF DA EREICK &
REERRIZTOTHS. FEICHFRENMR E D
DETIEIEIREICH L Ta N FRHEERITO 2 8
MTEL XI5 T71LTY XLDHEINRALNTNS.
—HT, <4 278Rr7LANDART A XEETIEE

LT D2 000 HRHEIRTWS,

L oA 7aRANMED L IMEREBOHEE
2. JERIHHE S DRI S DHEE

M1Dk>51iz, ¥4 27 vk o NiBERlEER B E i
EXNEE THhTLE-RGR, SRESH~A 2
0RY 7 LA RIGREIN R T TL WV, H&
EEUEOMRECR L THEE 52222055, 8
BTN TORWEA B FMET, kX h 2RO
TOHBLEOFESUHIC N L THEEEL L -6F. [
RRC B5E 2 MO FRIREIR 2 il A 2 FihR E ORE LT
bhTway, BRESOHEICEL THIMZZIT T
W3 ZenEw», BRI, B—EFETHD, Ho,
HFFRL TSP EER EDALE 2 ) OWfERFZFAEIC
FAwshz e wn, b Eah RS %2 v
5Z22&oT, BRESH~YL 7Ry 7L AN
HENBETORMEP—RICEEZ L1 E7-DT
H3.
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M 1: EONMEIZH 28~ A 7R ITXoTIERE
LHEEESZMA LSS, [ELWEREMHRIE
bND. —J, BolMBERCHEYA 7uh Lo
TR SN EBESENALGE, SIEMER
BAEMRSD LS.

ENRFTVF 2 U T L — a3 VIZiE, RELHITT
2ODEKMNDPRETH 5.

1. RO BFELFRIRICPER I NI EEEHW % %
V7L —ay  REEREDERITEORE X
A3V %Ay ba— L TERWED, [FRYER
INEEEFHTEZ XY ) T —2 a VW
HTH5.

2. EROHREEEMHALLFYy YV 7L —2a v
Fr VT —ya YOEMOI-DIREDEIRE
T2 R EMTELFEPILETH 5.
L2L, ZRETDIEFL ALDIFFRIZBNTIE,
~A Z7aky7 LA S OFNHEEL X v V
TL—>aryFEEREr 5%y ) TL—Ta
YFREMEREIN TV [6-9].

KT LD 2 52 EHL-ETVEREL
FHMEiT 3z EHMNE L, HERNERETLEH W

RRBFRERHEIC LS~ A 7R MEDF YV T

L—a VFERIRRT . [EROTFTIELIZERD, <
A 78R MEDOTHRIERFICRE %/ 1 X, KA
DEFREE R OBEMOEM X ITHIET 27280, R
BRIV —AT— 05607 Fu—F2ilAb. Xy
V7L —aid BEE (RVA P2 AX)REH
REDEROAREHEOIGHEESZHHAL, RESR
YOIubLENYPRIBVWERESEFEHL T  F v
V7L —2arvEITOIENTEDL I RHERET 5.
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2 BhEMR

~A rnRy7 LA ORERBOHEIIFFEIC =D
DWMNDBTFEET 2. FAfi~A 7aRr 7L A4 205t
L7eFiEL, JERIEAGE A 7 ak o7 LA g
LFETHE. All~A 70k 74 DERIADT
A M& Thrun S [10] i ko TG SNz, BITEHE
BEOMMEA IV 72l LEAY 74X T
L—a VFEERRREL, EBEO~R A 7urrEEE
FHLCZOAMEZFEIEL. L L, HEOME
DEANCHREZINTED, <4 7 akrREeZFH
SNTVB EWVSHIRBFEEL. 2o DfilfZE e
s 27012, =i et al. iIZBARy POHCNEL < v
7 DIFFHEE 21T 5 FIETH % SLAM(Simultaneous
Localization And Mapping) 1250 < JEFEIA > 5 4
A 7R ANEOHEEEZRE L (7. SLAM O
oRy MiEe <y SiBr, SEEE <A 70k
MNEBICE XM FETHL. HFEEZIGETS2L
W2&D, 8ch~vA 7k 7L 4D, 7k NiE%E
EBENCxF Yy ) T L—ar 38 XBILE. %
7o, 7 Rokw 294 20k Y 7 LA 129WTIE, Raykar
et al. £ Ono et al. DHIAZIHRBEZT-oTWVWS. b
X, B  HAEDIRER TN R HEL, FPRIMEE
(TDOA: Time difference Of Arrival) [8,9] Z i L T
FEEEHIE 21T o 72, T34 ARORREFEIAZEH L, 5%
WETBHVWCHEBELLEEZRE T2 212X D<A
JaRIMEDXF Yy ) TV —a Y EFEH L. £
FI2RIE (TOA: Time Of Arrival) TO¥ ¥V 7L —
¥ a v iZBWT, MFREEIN I T e —FiR e
bIHEIN S k5ot [11). %7z, [8,12,13] TR
IRTWVW3B K512, MDS (Multidimentional Scaling)
TLATYIXLERANWSZ LT, v4 70k oNEEH
ETHZer~A 7k EOBEMITIZHE ST 2 Z
LWRET 2FEDREINTVS. [12] TRESN
TW5 T, Basis-point MDS ¥ FEZI 2 E1E MDS
TNAITYALEFHLTED, #HETNEHEORE
WoTZenTES.

FEOF ¥V T =2 a YAETIE, WIhd EE
FEITHLT

o HOWE YD DORLNHIEIC DS (THhbB
TOA 3 L <& TDOA 2L 51585 Z 2 T
x3)

o HFEEDANRY FANRANR—ZATH D

POWOHORENEZ LN TWE. Thbb, IBHIBEHOD
FREZIDSHHRIICIZ 5 00 & T2 NV E SRR E D & RS A RF 1S
BB 2 X5 RTBFREL Vo EEESIEICHWS
FTHFy VI —arveET528BTERVENVD
HEDPFEL TV S,

FBLIETERNZLIZ, T nFy Y I — 3



2T RE 2 ODEMEDDH B, KL TIE, B
DIV RLBBERERC 7L —LT—2 TS F2HIZ,
REHNT~YA 7R NMNEEHTET 2 Z L 2ikA
%, BARINCIE, =4 7 akUNiE e AT P,
BHIRARY MVICHEFTAMZIRET 5 Z ik o Th
BERETVEMET S, 2 LT, WELLHERDY
ERETNVERWT, RKEREHECIY~AL S
ORVIBOFXF v 7L —a YFEOIEERITS.

3 REFEZE

<470k y7 LA EBHAOWEREIIZEROELH X
PRAOBERNTFET 5. IBEFETEYUTD 3 A%
B—ORETHKOIRL, RN IL -2V —27128B
W THERINAERE T LV OREREIT - 7=

o HIRIES DA
o v A ZURIBEOHENMEDSDTH
o B, 4 X235 v X LITHE

T XD T DL 51272 5.

1. UG 2 /R 7 — U 2542 (short-time Fourier
transform, STFT) L, @Bl ZA<X7 FLzEfE

2. BHIARY b L~ A 7 ak U NEOEAENE T
W THEEBTRA R ML 2B

3. BHIARY PV EHEEETRA Y bV AT
EA 7 akIEEEH

4. BIARZ YV EHEE~ A 7 0k U LE RN T
HEEZFWFARY L ZEH

5. 3. WCRY, #E~A 7k NENINKT 3 % T
K8

3.1 FMERE

Ty ERTE AIOTZEM (d=20r3) TM F %L
AR T VLA MR T 2 mEFEHOYA 7 aky
MEDEELY T2, oD~ A 7k idii5okk
HENE 2, € ROIHE-> THIE X205, EEONE X
REEME» ST TWS. BEFEOEEE, ~4 7
0kRY 7 LA Ko TGRS N EEEESERAL T,
BEvA 7Rk oNE z, ZHEET A THS. R
FETRUTD 2 SR IRET 5.

1. %4 Z7aRUNES X OCEREE O EITRAZE
Thb.

2. [EERBIIHAZL T~ A 7ok U NEOREY L
ThEzZehs (BRI [3,14)).

N ZE&REE L, s, € CZn BHOERES
Z STFT LTiE6N s, f&BHORBEEY (f =
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L., F), tHEHOKM 7L —24 (t=1,...,T) B
BEBRART VLT D, 2 €CEIATZBKRYT
LA 2R T2 mEBEEHDOA 70k TREINE
BED fBBOREEEYE Y, t HEHOKR 71— 4128
FRERART ML T 5. DITTRINSEEBEE

(1)

W&o T, nBHOFRDOEFEARYZ b mEBEHD
<A 7aRyOERARY P ADOBERIEZULTORTHE
Hans.

Tnf = (r711f7~~-aran)T

Zmft = Zrnmfsnft +6mft (2)

emp I mBEHOYA 7aky, fHEEHOREEE >
t BZBEHOEE 7L — 2B 28I 4 X&2RT.

3.2 HERMNERETIL

FHIRES DERRIE BRI 3 2 BB O X %
WS 7=z, BELHEXDHERINCEREINZEEZ, |’
BEARYZ PABBHIEN 2 @BEEET LTS, DL
TO3IODEMEEELERNEEZ 5.

o WA BRVDNEx,, € RY, X =
o HIFANRZT MV s,y €C,
S = (Snft)n=1,.. N, f=1,. F t=1,..T
o Bl A X2 BULRAEARY MV 2y € C,
Z = (Zmft)m=1,...M, f=1,....F, t=1,...,

#Vu7v—ya/@%hmwﬁ$&%$mxxﬂZﬂ
D MAP #EL LTREHTE 3. EFEOHWIE~
A 7R MNMEBEDF ¥ T L —2arThHEED, TR
ARZ ML S DHEEIZAT L D RE TR WA, MAP
HEIC X > TREIXRINICE SN S, TROBIREFIET
X, Fr V7L —yareARCERDHEOITbI S
ZElIlThB.

p(Z,X,8) #R2TDT & LABERDFREL DT &
T5. HFEARYZ ML ~<A 7 aR N EIH RS
RTH 27D, RRERIULTOLS RT3
MTE3.

(x1,...,20)

p(Z, X, 8) =p(Z|X, S)p(X)p(S). 3)

B1HEp(Z|X,S) &, BRRRY bV Z D5
RERT. B3 A 70k TOBHE 4 XEHRE, &
B, F v 3BV THNLTH S L WHRED T,

p(Z|X,8) L FDE S RT3,

p(Z|S,X) = HHHP ZmftlSifty -

SthaX)

(4)

LS ZEALL, p(X|Z) D MAP #E%fT5 e DL DEEL
W,




B A R € e WEFIIH 0 THEA 02 OFINGIER
HIAGMES 35, X (2) &b, BERXZ b
v Zmft Ciﬁi’ﬂ Zn TnmfSnft, ﬁj\jﬁﬁ O'z @@%7]‘72%
MIHES. T7bE, UTDXHICRZIN 5.

L) Stha X)
Zn Tn7rzf5nft|2>

2
0%

p(szt|31fta ..
X exp <— |met —

() i3ERER LT

H2HEp(X) I~ A 7 a R U MEOERSHERT.
~A 7RI G OREMEICRE SN S, FERE
DALE I IFEIERRAE R I D 1) 2 BEDRRFE 12 ¥ DAk
FEc X2 EEME2HOTIDEENS. ZOTh
BEA 7R NI THZTEE, p(X) EAT
DESHFETES.

p(X) =[] p(@n)

()

(6)

# A 7 ak Y OMEDFTIUIE SRR IERD 6 (O
B o) WS T2, &4 7k NEOHER
DHIILL T TR NS,

|Zm — jm”%
e 2ls) )
HE3WHp(S) FEJARY bLDOJHERT. HIFEA
RZ MVEFERZCICHILTWS 2§55, H—FE
DARY MLVOERIFHDORINCE LTI, Bk 2R
PIREINTE . FlzE, FaMEITHIN T2 RE
WK ¥ 7 RB [15,16) S, HE¥H [17,18) ZHEH
L7z E RSB I N T WS, 2 2Tk, KA
FECFHTOEFRARY MLOHIHEREL, p(S)
EUUTD &S CHRT .

p(8) =TT 1I(snso)
n f t

KISRERRA T MBI 2 EERARY B L s, 1
SHIRIERA Y ZABTNAES LT B L, 2D
LT X5 KB ENS.

Eak
D(Snft) X exp| —

2
Os

Mwm)“fmp(—

(8)

(9)

3.3 vy UIJL—>3>7IIdUVIXA

I TR AERE T NVICE DL, 4271
RUy71LA4DF X VT L —2ar 7T X LR
T3, BExon-8ARY b L Z OB~ A 707
RUNME X 3 EERERORKALICE D ELNS.

X,8 = argmaxp(X,S|Z)
X,8

= argmaxlogp(Z, X, S) (10)
X,S
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~A4 7R E X EEFRARY ML S OHEEHER
M Tld R Wiz, FRiERERMET2 X & S %
[FIRFICRD 2 DIZNETH 2. ARETIE X & SIcH
L CREMCERERZRR(ILT 22T, X (10) &
NIRRT 5.

~A4 7ak B X BT 2 HRERERIIE S
Vo R —FIZLoTEHT . RAMDOBEEICE 5T
X 2 AR 1y NOEHUI R I NDZ LELT
W3 720, MEEERERD X (BT 285K EON
W, Uy R —FO#iE 7V v N ORI
WWERT 5.

—75, FIRARY bV SIZET 2 HighERE AR
M BHATRETH 5. X HEERMERIZ S LT L
WIhTH 5729, WEBMOBERERL 2 & Tl s
JFEARY bV 3, 138605, BIIARY M AD 24y =
(Zlft,---7ZMft), ﬁi%%ﬁ%k&ﬁ)rf = (Tlf,...,’I”Nf) b3
I3 E, HESFERARYZ PLILTO LS ITEX
N3 (IE N x N OHAITH).

(11)

2 —1
= { )+ Sl G

S

ML 72713 ) X 4% Algorithm 1 1Z/RS.

Algorithm 1 Tterative Estimation of X and S

Initialize X (©) and set ¢ « 0

repeat
S(t+1)
Eq. (11)
XD« argmaxy logp(X,S*Y|Z) using
grid search
t+t+1

until convergence

- using

arg maxg log p(X®), S| Z)

Bl

BEFEEZHNTIA 70 Ry 7 LA 2BRT 2~
A7 RYOMEDTIUINTE2F Yy VT L —>ay
BIPNZ OMERERFHI L /2. MERERHO REIE, * v
V7L —a Y THEINALE L BEONEBDOMEY
An3.

FEEFIT I a2l —>a VRIETITo 2. & DY
> 7 v ZREEENE 24kHz, STFT OAIREIX 1024 54,
> 7 MEE 256 e Lz, 72, o2 = 5 X 10710,
02 =5X108 L7 2 35XAALOREXD
TR L VY RY—FIIBIFEZTY v FOKE
X130.1cm, 7'V v RY—F 2175 HiFHIZ 5 2 722D
KEXHHILTE b HREBICOVWTE, &
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(a) 8 F % FAFIFHT LA (C8)

(b) 5 F ¥ F A7 LA (L5)
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Detection of Ball Spin Direction Using Hitting Sound in Tennis
A 1 PR ! SRilvid ! s 12

VBUR TR LTS A 7 Al
! Department of Systems Controlling and Engineering, School of Engineering,
Tokyo Institute of Technology
2ARYB VY —F A VAT 4T a— bk T r RV
2 Honda Research Institute Japan Co., Ltd.

Abstract: This paper describes the detection of rotation direction using the hitting sound of tennis balls.
Since each ball rotation direction has a slightly different rotation direction and trajectory, there should be
a difference in the hitting sound. To distinguish the characteristics of ball rotation direction, a database
was constructed that combines the hitting sound recorded experimentally with ball rotation direction. Since
it is difficult to distinguish audible differences in hitting sounds by ear, it is necessary to identify them
using measuring instruments. For this purpose, after extracting the amplitude spectrum by fast Fourier
transform of the shot sound, the entire data was normalized and classified by a support vector machine. As
a result of evaluating this method, a high accuracy was obtained in every rotation direction. The proposed
method also evaluated the hitting sound from a YouTube video in an unknown environment and showed the

effectiveness.
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DOAD & S IHE D BERTRE TR AUE7R S 720,
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ZIZTHIE, iBEHDASINRY ML s 103 B IEMR Y
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H2

h=1,

WTS,'—]’l = —1,

(N
®)

ZZT, SoHEETFEE O 1/||w|| TERI 5.

S BERTRE DI Z AR 27291, H1 ¥ H2 D
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FERB LT Wiz rEZI6NSE. LrL, XRT7A4 R
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Sk HER U7, F£72, S SEEICRERIC L 2REREZEHL, RERHIZL > TEFE
WADBEDT /T —a Oz o7, SHEEMTOREREIZEL T, 24 AOHERE
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B nE bR 5 R D IRIEHEE FIE 2L T DD K&
TR, (E SRR 2R YD 72 DI FERR D ik A b
EREDPSINEINZAHT — Xy N DOAFEIHNEH
ThHhdZl, ¥, AFTELLLTHEED BT —X
BEWFEARWIEDREIFOENE., ZDO), NS
N7 —2ty ML RIEHES (RGNS %
RER U, MxBSRERE & s ORI HEC 1T 2 D
BEINTWS., BHSIE, RENZLLAREZZ N
LB REREE B (3, 4] I LT, EEHDOT—X
vy b TEHLU N SE O EMEH WS Z T
ZUWRBE IR T 2 FEEIRELR 5. ZOF
ETIX, — ANO#EERE T T 2 RIEHEE 85 D I Kl &
B/AMEIZ & > TRIEHEEMEZ EHYET 52 & T, A
NTOEIEDOELZRZ D Z L ITKBLTWS, L
T, EFfbI - EEEZHNS Z & TRIEDZE
fbZEAMTHHIRTE 2 HEMZ2 R U7, SR ER
IZ L BREIEHEICBWTE, SRR E S S INE
Xh, Bz $57 /) 5—varditbiizr—X&
FZ UL, REMRBIZE 2 PR EBRICEYEEDT—



Ry NTEHULMEREZEATI2HELH D LF X
55, 7z, BIGHEEOKE 2 ET 5720121F, &
D% DINBSRERERE LS T — X 2 INET L HED
Ho, TRNEERGIZTEEDIZEZT /) F—V 3
YOHMERBREL RS> TL 5.

ARTIE, Ekman QA 6] 127/ F—Ya v
INGEMNEEET— X2y MEAWT, FHEMEHRIC
X BMEHE T S A RER L 2. FAENRIC & B RIS E
TlX, 24-way Cross-Validation (24 A3DT—X & v
MZRUT23 A0DTF—XTEEHL, %51 ADT—
X TEHZ1TD) IZBWT, TT%h 5 85% D K5 % 15
528 TE, +RRPAEREYH B Z LRI NI
BN U T, [5] TR A7 85 AR EC
KN HEE R B L, BAEHRICN U TRIGH &R
ERHWEEEOY ) F—YaryOuEEREEL-. Z
DFER, EUCDORNE (KE) MHKE (precision) A7
SizmE <, FE (F0) RIEHNz2 W72 G H IR
DT ) T—=2a VhBEMRI ERRINT.

2 RUIBHEFIE

FRIBHEE X, AN TRIBERMIC B W CEELRRETH D,
INFETELDOWENRINTETWSE, IV a—
ZEYa vEAWEIEHEIX, EAREEZREKT S
KIEZHBAIL, ZOMEOHEMZBIEOHEME L
THWTWS., HFRE#REHWTRIEHEE 2175 720
i, BEAREEZRRT 2 EAERDY S, BRIGOHE
x5 MENH L. ARTIE, [5] LFERIZ, FEAK
Biz7y /) F—vavanksy—2 (FEfEHmE) %
FWCTHRAOIERN#R D8 247\, BMELELZ 17 5§D
BRI 2 B OHEEME L THEHWS Z & & LT,

2.1 REHREICE SRIEHEFE

Ekman &, EEAREEZ, TR0 (anger)] , HEE (dis-
gust)] , [ (fear)] , [F U (happiness)] , [#EL &
(sadness)] , [ Z (surprise)] D 6 FIZFEEIL L 7223,
Hoe DREARFE AL MU0 ETIEIRL, T ORI
EFRZIDVIREN S, ZORE R CREETO
e UTERSHNRZYTHDL. £7z, 6 O
AL, BT UBHMALRE D TR, HHDHE
REEPHAGDIS o REBEH D eFEZHND. L
7o T, BIEHEER, 6 7T A (HBWIE, BIEH
CHNLEREDTT 7T A) OF 7T A& MRS
&0, TNTNORNERE 2 HEE T 20 & & HE Ak
TEHNEYTHD. TD—HT, BEHTET/
T—YavETOBIC, ZOMEE TRET S DI
UL, mUWEERRSIfFcERWw. 22T, [1, 5] & FHkk
2, FET RN OAE L R 24ED T NIV E A
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R 2R D22 2 4T\, BRELEE BT 0D 3k B
ZRIEREOHEME LTHS 2 & Ui, EIEH
ZkARBEHERNIZE B, HAMAORE (HlZ
X, T50)) 2RKXT2XEMETESZ L, 5
2, ERIED» S ZORE (TE0)) 2 XKEADOE
EDRHEHATH B LINET S5, B{LOEEVEZTD
KIEOWERE L EZBZENTES. FLT, BH
2L MR T B & A B & BRI D FNG D R
X, R (1) TERITZeNTESL. AFHER, Z0EE
DEER, BEHEMEL L THWEEDTHS.

y=wlax—h

(1)

ZIT, yidREomE (Ra7), o 3EEH»S
XN REE, w BB ML, hIdNT TR
%R 7. HAEANOREOEIIZy DE(IZL ST
MY ZENTEDH, MARTORERE ILE R
TRIELNTERNED, [M5H1rOHIETERLTS
MBERDH D, ZOEFEFEIZIOVTIE, #BibT 5.

2.2 RUBEHEDLOHDZE - TMBAT—%

v b

GHHEEHRIC L 2 RIEHEROFEHT — Xy b
L T, The Ryerson Audio-Visual Database of Emo-
tional Speech and Song (RAVDESS)[7] ZfiH L 7=.
RAVDESS &, 24 ADFE#H (12 AD3HME, 12 AT &
LR, HOE, B, =0 (KE), BLA, BE2D6
FEDEIEIZ, H3Z (neutral) & FF (calm) O 2 fl % il
Z7- 8FOBIEIZT / 7 — ¥ a v I N EHE A E B
ZHEHINTH D, 2MOXE ("Kids are talking by
the door” &7 Dogs are sitting by the door”) DFiA L
P& 2B DIRL, HSZBSORETIX 2 FEORE (h
SLIFTREIZ 1D A) D— ANz 60 AOH A E X

, fREF 1440 KOHEAEEFNTWS (K 1). Zh
WZINA, RO T2 MO FEE, His LiF Tl
PolzT =Ry FHEENTVED, AR TlLi
LT O DA EMEH LT,

FIERNBROFEHADT— Xy h & UT The Face-
Grabber Database and Software [8] (X2) Z{#H UL
7z. FaceGrabber 7— X RX— 2%, 40 ADRY, HEHE,
B, SO (B, BLA, BZ06 00K FL=a—
FoLEINEZRFIZAEINTED, —D2OXKED
720 30 (=2— b ZZBLTIE 90 DFf 10800
WoOBEHEG G ENT WD, EANKEEHBEE TED
st 21600 OEi§RZ, 1&E 2400 e 2 nlsbo &k
HBRT (Za—FJLEL) 19200 8D 2 7 7 ZTH
\F, 227 AR X 2 RIEFHNARFE (D, BOE,
i, HU, LA, BE) Ofifiziro7z. ZORE
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disgust fear surprise

1: RAVDESS DB B D4

2: FaceGrabber DB EHH {4 D ]

HA%e% RAVDESS ¥ — & v FOB)EIZ#EAL, &
IHAN & 2 RRIFDHEEME U=,

2.3 EFRBERICESRIBHESS

RAVDESS OEjH#j 124 158 2 B OFd4 EIFiFH
AU CHERME Y -V 22z {757 AR bu s 7
LEEE Y L THWZ. RAVDESS #)#E D & 5 i,
48,000Hz TH > 7)) v 7 EnNT\\Wi=728®, 8,000Hz D
O—R2A7 4 VX —%EBL7-%, 16,000Hz TV H > 7
Vo T mFo. VYT v E T —RIZHL
T, JAPEE Y 513, KA RE Y 766 D/NT — AR
I us I LEERL, FEEELZ (M3). ZOA
RN NBZ I LRI, BY, GE, B, =0, &
LA, BEDG6FD2 77 ARV R— 7 b=
v (SVM) OilffiziT - 7223, bRz ET 2
720, 28 N\OT—XTHFHL, NnaxREET—&xL
LTS Z 2T, 24-way Cross Validation 217\ 7
Fe =Y izxd b a2 MR ZLE L 7.
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2.4 KRIEHEFICE HRIBHES

RGN AL, R & U CALE 3R IS 12
72 GLAC (Gradient Local Auto-Correlation)[9] ¥
BAERH U, Bl S 07 EHliRIE 40 x 40 O 7L —
AT —)VEBIZEBI N, 4 x4, 16 HOHEKIC S
HEhns. BHKICDWT 33300 GLAC Rl
i, BHEG 1 HRIZD E 5328 T DRHEED © &
Lchhitignsg (B4). RENRZ bV w, N7 AR
1, FEEDRIBIINT S 20 7 AfEY K-k - RJ h
VXYY (SVM) 2FEHTEHILILE>TRLONS.

3 =RERER
3.1 BEBERICL Z2RIBHERR

24-way Cross Validation (2 & 2 FYIkEE %2, £ 112
mY. B, RGP EENSE T XY MW
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5: RAVDESS &4 112489 % &K 25 H

T, ~AFOERFET— R U TEVIBBIREE % 2
BLUTWS., Zhid, HFEHRICESBIEHESRIE, &
WINAEHEREA R D Z LA RIB I N T VWS,

KRIEHBNEIC L B RIGHERDR

FaceGrabber 7 —&X & v b T2H U RGN 84 %
RAVDESS ¥ — &+t ML 7245 5H %, 5123
9. BE ID D 1 55 4 AL (neutral) , 5225 12
MEE (calm), 1355 20 BEC, 2155 28 H3FEL
F, 20735 36 DIEXD, 3T DS 44 DI, 45 H S 52
DPRE, 5305 60 DEEILT /) T—varanid
DT, ZNENOFIII LT 5 RGO I %2R
. 5RO, ST/ TF—varvan
EEIC L CEWEEfE L TE D, EUMAN
DBEIZT ) F— 3 INEEEIZH U TRV
EEZEZHDLTWS. SOOI, HisT 5
BIEIZT /) TF—varyInE s cnl, ok
BIZ7 /5= a I8l UTs @ WWHEE f
EHALTWREHEDO9%L, BTLE—DDOEFIZR
FTHAHEEE LT ZATVWRWEEZSNS.

Wz, RIGHNERZLDEE~NOHET ) T—V 3
VOAEEME R MG U7z, AL & OSERHE ARSI A F

3.2

55

NTWiWnzed, &Ko, Bl B, =0, BELA, #
ED6MIZT /) TF—YavyINEFEIZOWTHRE %
fTo7-.

REW 7RG AR, OB & &R0 &0 H
N7, FHEMTHEBELTAS. M6I1Z5E 6 A0
VBl M N %2 RT. EBRIZIZ 24 A DT —XIZ
KU TR Z T 57208, RRVEMIZR 2728, 6 A
DETERRETIHEE L. SO0EEENIEZ, ZEO0
27Ty a yINEEICH U TEWETEZ R L,
TN DBIEIZT ) TF—Ya v EIngEicy LT
WA WMEZ B O LTWB Z &b h s, Ly
U, UL»L, BUXREREHFOHIIL, FEEHETOM
KEIZIXED D B 7=, HHZREIE TIXE O O RIE#E
EELTBHILIETERY., 2T, —ADFEHITHT
% —DDREMA B D ORAME BMEIZ X 0, F*
M eRo & IEHAT 5. ERLIE, X (2) 2L
72h3o T 7=,

y — min(y.)
max(ye) - min(ye)

§= (2)

g FEA AR y OERLE, yo IRE {e|le =
anger, disgust, fear, happy, neutral, sad, surprise} T
DA 2R

B 713, TNENDEOCREHNED ) %2 RK K
IMETIESLL, & 6 AdE2ERTTay LD
DTH5. BTOFEETHCOEEIZXN 2 H 1A
7o TWBA, ZDMOENEOEEIZNT 5 e
DE, FFEHEIZE->TELE>TWA., 22T, HEXR
(Precision) Ix K& 7R 2 FlEZ KD DS Z & & U, #EE
F Prizk 3) IT-o TR IN5.

TP

“TPYFP (3)

Pr
TP I3 True Positive, FP 1% False Positive & %2> 7=
F—RXERT.
72, HHE (Recall) BFRIFHIZRkDZZ L L.
B# Recall DEFH%Z, A (4) ITRT.

TP

Recall = m

(4)
FN 1%, False Negative &7 o727 — X8 %ERT.

#2102, fhoREHANEIZH L TH, B0
FIRRD IEHMLALHE & H AR RKDOMMEZ 1T - 78R D
WA, HER, Bz RT. ECRERINBOEV
FHE 203 B AR 0.94 &, MOFREHANERIZEEA
TEWMEZRLTWS., FEHZEZ044 R LTELIZ
WA, HEIY ) F—Y a3 v ERTA S AR EWE
BETHD. BEERENRHRL, EHERIZ0.79 &L T
BWETIE WA, HEZRN0.10 2{EWV. ZOfilok
[EERER T, BERRKOBRMEZRDZIZEI DS



URIEMBIRH 5

B

FHg 18 BU 21 ELH 29 |0 37 B 45 HE 53 Mz 60
FHEID

D 6 NITHT B E ORI

o
o

o <
IS
T T

UﬁTﬁ%ﬁﬁElljﬁEiﬂtHj h

=
=

EHEID

D 6 NDBE VRN RO ERMLH)

THALRMEL, T/ F—YavifliflicEs LR
TRV, ZhiX, 5] CHERI Nz, FOIMHo RN
WCHARTREMHBIER RN L2 HE L2 E X
SYATR

4 5w

RAVDESS 7—&t vy & HAWT, HHAEHRIZES
TR HEE AR 2 MR U, PUAEME O & I HE E S AT RE R
Z e %mRU7. F£72, FaceGrabber T —&X+t v b Tl
i U 7= R IHE801%8 2 RAVDESS 7 — Xt v kN O#jjiZ
WHLU, RERBICEKBEET / 7—> a3 vOraetk
oz, TOME, BCCBELTREERBIZES
T/ T—=YavougEEER_T I e TE R, AfET
DHWEEET =Xy ML, IROSNXEEFH
EF2E0THY, FHEORGRMEIZIER > TW5
LEDTHY, —MNZLEFEHHRTORIEHEIZIZ >
TWRWY, 5%, SOV T —YavORELRES
T2ty bEELWVWTREFIEOAINNEZMEEL T

56

#* 2 RMEHBIEROME AR, HEE, HE

anldr | EAR | HEER | EIE
7Sy 0.23 | 0.47 | 0.63
e 0.79 | 0.10 | 0.99
Sy 0.58 | 0.18 | 0.94
=103 0.94 | 0.44 | 0.85
ALA | 050 | 012 ] 0.94
Bz 0.44 | 0.06 | 0.99

WEZWEEZITWDS., £/, BUORIFHIIIRZ
BT =2 U THHE BRI EMVRINEZDT, Ih
ZHWTEUORN (BH) 7— 2 OIEZIT, [HRFZ
HHEBHRICNT ST ) T—v a v OEMEEERL T
WEZWEFEZTWD

BT

KIEHINBERETIRICBE U CER R IHE2 Wi
W7z BEZE R S TS Pl N TR A 2 B P P =2 ) K,
oz, EEERNED o X1 ToF AR SR
DR QRY ANV N T =N NP S e
W7z U 9. WL JSPS B2 20H01765 D BhEK
2.

S 3R

1] IGHEL, ILHE, RBAE, BOFERE, AT
WHAA: SVMIZ & 2B EHEEHEAM 2 W
O IEN IR O FEAM, FEIRALELF 25 SCEE, Vol. 55,
No. 12, pp. 2569-2581, (2014).

ey iE, (v Je: FREIAE 7 72 81 B AR, £
&L Vol. 48, No. 4, pp. 254-258, (2006).

Borod,J. C., Koff, E., Perlman Loach, M.,
Nicholas, M., Welkowittz, J.:
non-emotional facial behaviour in patients with

Emotional and

unilateral brain damages, J. of neurology, Nuero-
surgery, and Psyhiatry, Vo. 51, pp. 826-832,
(1988).

Patel, S., Oishi, K., Wright, A., Sutherland-
Foggio, H., Saxena, S., Shppard, S. M., Hillis, A.
E.: Frontiers in Neurology, Vol. 9, Article 224,
pp. 1-7, (2018).

PR, U, SRk, hZ—fd: ey
T— ¥ 3 VRNRHEE D 72 8 ORI dk DR &



R, ATHRIBEF S AL F+¥ LV U4, SIG-
Challenge-055-8, pp. 41-47, (2019).

Ekman, P., Davidson, R. J. (Eds.). (1994). Series
in affective science.The nature of emotion: Fun-
damental questions. Oxford University Press.

Livingstone SR, Russo FA (2018) The Ryerson
Audio-Visual Database of Emotional Speech and
Song (RAVDESS): A dynamic, multimodal set
of facial and vocal expressions, North American
English. PLoS ONE 13(5): e0196391.

D. Merget, T. Eckl, M. Schweirer, P. Tiefen-
bacher, and G. Rigoll, Capturing Facial Videos
with Kinect 2.0: A Multithreaded Open Source
Tool and Database, in Proc. WACV, IEEE, 2016.

Kobayashi, T., Otsu, N.: Image Feathre Extrac-
tion Using Gradient Local Auto-Correlations,

FEuropean Conference on Computer Vision

(ECCV), pp. 346-356. (2008).

57



—RAFEAN ATHREES
Japanese Society for
Artificial Intelligence

ATHEESRHRAER
JSAI Technical Report
SIG-Challenge-057-10 (11/20)

BELGZ1—JIIlrxy -0 ZNRELE
J—=RTN—Z=2 I R—=ADETIVERBDIEET
Model Compression of Non-uniform Neural Networks
with Non-Linear Functions Based on Node Pruning

g —f b2 fEAR G K| g
Kazuhiro NAKADAI'?  Yosuke FUKUMOTO! Ryu TAKEDA3

U (B A& -V —F - A YRT 4 Fa—b - JyoRy
! Honda Research Institute Japan Co., Ltd.
PR TERY: T S AT A% 3 KBRS EEEREE
2 Tokyo Institute of Technology ® Osaka University

Abstract: AT, HEEEBLLTVWE =2 —F L%y FT—2Z BT 570, /— FEAID
WZHDW ARG —CTEMERIEESE Xy bV — 7 DEFAUEMERS. /— FEADICX3EFAE
Mg, RS ST IRT WS D, ZDIFL ALY, HHEEBE e LT 7 e4 FRAKEH
WV, NA SRR D W THMIE S A =2 — SRy P —2TH B I L ZHHEL LTV 3.
WX, TEHEEBIEE LT ReLU REIES 7B FEBER WS Z 23— RINTH 2720, Z5L
T IEREIE LRSS S 5720, / — R ba b —ERIRR L2/ — FIEMEHEE2IRR
T3, T, N AREHEREARE R R 2O Ry VU —2ZICRIGT 3729, ERE<7Y
Y, NANRZBRROREAD, 2y FU— 7 2RISHT R D RY O —ICH T 3R RIERT 5.
INSEMAEDLELETEREEZTHELE L, ReLU, N4 XK E2H TS TDNN R— 2D = 2 —

FNFY bT—TTHD

, BB AT A Kaldi HOBEE T LOEMCGER 2RAE. BRe

LT, SARMREZ iR L DD, BHHEMS AT AL LT 31% O#EN F2ERT 2 Z e

TZ7.

1 EC®IC

AR, R EDRT X =& -2 T,
FREFED=2—I 0%y v 7 =27 ET V2 MERAL
F¥ETEXZIeAMESINTED, BRI T X—&1L
(over-parameterization) [1, 2, 3] £ IR TWVWS. —
77, T X — 2T & BT MIBIES R E VT
», HARAATNA R, FEAL LAY 2a—T 4 V7,
H#IH#H (In-Vehicle Information, IVI) ¥ 27 AAD
ISR Y, EFBNTICE, EFAVEMCE 3 a2 82
MEDBARRIRTH S, %72, EFAEMED, v b
V— 27 OEMSRBBEEEHEZERT 5 TE
% [4]. Tk, EF57fE (Factorization), HlFkZ&H
(Knowledge Distillation), XD (Pruning) &\ o7
ETNVEMTFELFRESNTE 2 [5].

KR ET LD Z A= ZERFHLTED,
SETE (6], 187 > Z7ATHIRF 2R [7], X2 P&
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TAL [8] 2RI L EFVEMTFENRE STV S.
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FIoMHEE BT 2 Fik [10] b, KESHER—2D
EFNVEMTFELEZA 2B TES. ZhAbiX, H
By EHE R (ASR) ZXRIC, TTOET VIR
PR E - 3E LoD, EFAYA X% KIEICTEHE
LTW3. WTafE, "o XA—R{THle LTHRES
2w VU= EATE 30T, —fRIC, HHEVEL
TH—REHEND =2 —F 0%y VY — 27 ITEHA X
o, R Ay VY —2ITERT 255812, 85
R = ZATHNCEHTE 28 2t L CO#EAT 22
EDH B, RENZERER.

HIFERAE 1, FIT TS (Teacher-Student) *E % i
M3 22 TETAEMZITS (11, 12]. %73, <7
R=ZBDOZL VK =2 —F N2y VT =T ET I
B, BEETNLE LTHEETS. R, RTX—ZH
POV D =2 —F 3y V=T RAEET
N LT, BETETLVERFEOMREL 125 & 5 I¥H
2175, ZOBROHNE T L AEEE T L DB,
KL(Kullback-Liebler) HEE~—2DH 155 [13] %
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D, ZHRNLETNVEMEIER SN TN S &0 S W
bHBH[15], HirG 25N, YOk S5k b
R —2H o ERETANRBE RO Vo [
BUZOWT TR RSN TV S DI TIERW.
FEAID X, &8 (16, 17, 18], MEifR74H [19, 20,
21, 22, 23], BN [24] R ¥ EWRICIL L RS AT
5. FIZ, BAD DY LTEART XA —ZP /) — KiE
HEEHNTED, HReKE2=a—FLry bV —72
DfFE, Fryrn, /J—FK, VrIZOFEHILGUT, K4
RN D b LBk, Mz LoD,
HEZE 3372012, By FEFHLOHHSRA
5NTW3 [18, 21, 25]. HHS [25] 1%, EAKT X —
&, 7 — FiEMEE, vy bE&Fbofiagickd, /—
REAID R 30% T, BHRamELT#RLoD, 7
a— MU 5 fEEdbEEHLTWS., Zhb0F
X, B RBRICEHZELIDRETRED 2D, —a—7
Ay NI =7 DY A4 X% KIBITHI NS 5 Z e BN TE
5. X512, AToffe TSEE THER P RrY —IZ
W BIREDARETH 5720, HANEZTH S LW
SHENH L. LrL, TOUSDOMFETIE, ZNFET,
DNN % CNN 2 Wo -l —a—F 10y b U—72
BRI, EHEEBEEICII BN S 74 FEIKE
FE L CTHHETONTE ., ITETIE, N4 R
By, 2y bv—2 b RoY—3EHE b B EANC
HH, WEHECEEEUCD ReLU [26] ¥, fMioIERRZE
BOEHINSE Z e BNk TETWS,

2% D, ko7 o —FOREIE, TFIOIEM
LT3 Icdrbs s, BT —R=a—-71
v MNT—=Z%NRE LTBYH, RNg—hotii
P =2 T BETNEMMDEA B4 71
HmShTuwhwi e Thdrrs525%. 22T, AF
TlX, NA RN2EHERIES 74 RIHHALBIECE (%
TR —TCE Ry YV — 2 BT VLT % 51k
EPRETS. TEFVEMO Y Tuo—Fr LTIE, AT
DIRRLHGRE D X 572 b Ro P — 1R B IREHRD
%<, JAFMNCHEHATE 2/ — FORAID 25 e
T3, BEciE, E7EA FIEECBEEERS 72
o, MEHERL/  — Ry b —i2HEo< 7/ —F
FEAID Ik [25) #YBER T 5. %72, RE—K=a—-F
2w VU —=2%FS T, BEIRT VY VT, N4 R
MTN—= 2, v bT— 7 2RI 2N D 3%
EWCHET 2 3 O0K#EEZIRET 5. HBELLAELH
#i%z TDNN (Time Delay Neural Network), TDNN-F
(Factorized TDNN), A RXEEHixHT 5, A —7
VYV — ZADBFERHS AT 4 Kaldi DFEEE 7K
LU CEH UMEER1T - 72.
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(2203(77:]\73’*‘7 kL 40RFTMSLS x 3 T L—L + 1007t iVector)

TDNN 1 (-1,0, 1)

TDNN-F 2 (1,0, 1)

TDNN-F 3 (-1, 0, 1)

TDNN-F 5 (-3, 0, 3)

l
& 1536%T

Linear w/o bias
160871
[__Afine__|

TDNN-F 6 (-3, 0, 3)

TDNN-F17 (-3, 0, 3)

.
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5128 RTHANY bIL

J

1: Kaldi @ Nnet3-Chain H&E 7 /1L OMK (JhE
Lp)

2 Kaldi DRy D7 —2#ER

Kaldi OEZEFILVEEIE, HAREGR L SEa—
RZ(CS)) LIV 27 ZR—R L LT, MREH L7
DI TFTOLEEEfFoMEL S EERMEHA LR

e LibriSpeech L > ¥ [28] 5% (T, nnet3-chain
ETV[29] ZHR— T B 7 DYLRR.

e MFCC F#ED b Y12, 40 XJt MSLS (Mel-
Scale Log Spectrum) R & [30] ZfEH. T4
b, AN, 3 7L —24%7D MSLS RiUE
¥ 100 XJT iVector THEM 15 220 KITDON
7 MVEfEA.

o SETNEF X, CSI LYETHHAINS
SRILM [31] i2fX X, pocolm [32] % f#iH.

M1z, AL ETHELAZ 19 EI ORI EE
ETVOMERRT. B 18IE TDNN T, 7L—24C
AT 220 RITDO AR FIVEZITED, 1,536 KT
DRZ MV EHIT 3. XD 16 JEiZ TDNN-F T, &
JBlX 160 KITD R ML v Z 8 & N4 S 2w N
LTW53. pre-final JEiZ NA S 2$HIE R <, 256 X
JTEDR MLy ZEOATHKINS., HEE, 2
ARy ZETHD, 5,128 XL7 bz
T35, Ny FEHILIZTRTOET, Fay 777
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B1EIPOF4EEHECE, 3 7L —2 AT
5. Zhe (—1,0,1) a9 5. HB5ETE, BHED
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T, BFERUEZER LD, XhEvwars%=x
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3 REJIS/—FRXNDFE

RET B/ — FEADIE, 8L, MNI—Lxy b
7 — 7 BN D ZEH T 5 7D OB Z T 5.

3.1 J/—FREEEDER
| BHOBD i FEAD /) —F x,;, ¥ 3/—Fx
YhuE— g & KX TEHETEZS (16, 25).

No NN
o} - 0 ,
S Not1  Nowt 2 Now

N,
qe(L,i|D) = L |

" No1 L

ZZT, DE7—%tvy b, Ny & N &, DITH
LT, BEXDDENMEBIUE WAL o7z> 7E
A FIEMLEB OB TH 5. Nopy 13 D DY~
TINETHY, No+ Ny EFELW.

J—Fzritmr¥—ik, /—RILICBRZIELE
EREATEZ 270, [16] 5P RELTWAIHIEA
N A KD BETIVEMEREDL LW el S hTwn
% [25]. 272U, IEM(LEEEE LTy A ROYHEE
7 EA FEEOMEE (0-1) OF[E 0.5 THo7z. L
L, Kaldi TiX, EEH 0 25EBATH S ReLU
PIEMELBEE Y LTHWSRTWS. Zoko, HHE
Z 0520 01TV e ICEBE L. Zhld, BEZH
WEBLEEWI DG, /— FREHR LTV
5 EEEEEBO B TSR TIER L, 0 2R
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l,ilD) = , 2
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1 Not1
o(1,i|D) = 2 — 72, 3
w(liD) = =3 3)

t=1
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ﬁ:»Batch normalization

1
<} Drop out
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2: A TDNN-F layer
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NG RT.
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BRI OERIC D B2 H D, HES [9) 25 LIDAR
THRONCREERTD 2 bte, AEER~SA 27
L AT & 2 EER A D & BIRAE Z #0325k %
REL TS, 7z, Even 5 [10] & LiDAR 2D
< SLAM T & N7 BRESHIKNC K LT, JBIERTE — A
7 & — < THEE LB BT MMz e U CE TS
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7 k) e HIRON G % HEALE 2 W TGO L
TW. —77, SLAM T 5N 2 BEHIKIIHT 2 D
DICRoN 2720, BEVIEDOBREIZHNIHIG T 2 45
BE2H 5. HEEERPENEED LS ICaryTF X b
DHAMELR S, M INZWRITOVWTH, HITHEP
HIRE R Y2 RET % 2 L 3BHENT, SHEoF» 5
NSRRI XY T =2 a T 3 FEIMERX
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LL, HEEMTOEELZE Z 258, MRIZZI
W27, ThSREFMFEE L TE 3L
{, EBEHWERIFEICEEZRL TV LIEEL RV
DT, FHRERIERD O N RYEOEMZ HES 5

H =
DFEE TR V. B2 LIDAR O S B E G ERIC



AR THRIERT, NRADFEIIZE > THHENE
DHLBZeRhEnrs, WROFMBRERPFI VW
LEBTIDNENRD 5.

ARIFFET D EREHICBEERITEE T 25512 Li-
DAR ERA VT VATRMT LI Z2ERSLD, 22
TIENRER Tl L AFRREEFRED X 572 —E
OWHEEREL, ZOREEHVWTHABEFR» NG %
DT 5 Z 2 ICHLD fH T

KX OERIIRDBEY TH L. RET~A 77 L
4’0:4:5%(J$mn§xtkom“€%1ﬂﬁﬁb B I3MTCHEET
ZEREICOWT DM 2, LiIDAR T SEHEHR D &0t
ROEMZMET 24, X 5IEROBIFFEICDO
WTHIAT 3. 20, 1IREEOZYMEITOWTHEER
TOMGEEITW™ (B 48D, RRICESHITE D 3.

2 YA4I97LALELIDARICEBE
B

~A4 77 LA TOERAAHEEHERIE, FIZEND

OB ETHENPZ DD ZIRETIITERE 25
728, BROBHERE L THETZ Z e PEETDH
5. ZZTE, 7% (Even 5 [10]) ZITII~YA 2
7L 4 & LiDAR Z HWTIREF O FHRNME ZHE L
PRSI 2 MR 5 2 ST iE R a3 5.
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2.2 REMRBPOERRER
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1: Flow of the proposed method
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Abstract: We propose an end-to-end neural network-based spoken language acquiring agent that

combines unsupervised learning and reinforcement learning. The agent first learns sound words

from unlabeled speech waveform and makes a sound dictionary. Then, the agent uses the sound

dictionary as an action space during spoken dialogues.

With the proposed method, reinforce-

ment learning compensates the insufficient accuracy of unsupervised learning, while unsupervised

learning significantly contributes to improve the efficiency of reinforcement learning. Simulation

experiments demonstrate that the agent efficiently learns to speak appropriate word utterances

based on the outside environment and its internal desire.

1 FLC®IC

AERBEICBOTA L HELADEE LY R—bT
2Ry PARETUL, SR toEbRekitaics
WTER XS, Ry A OBRE F T3
WARIGEN 21T 5 72011&, H & Hr U AR & RESLrY 12 H
BT eBRENEERERIT 2EWVEEGEHK
Hoid. N> TEASHBIE—RNTHD, XF
SHEERERVEEID o CHEFASHBER VS
RRIFI STV, F2, EEERHEHETCHEED
A HWT T FREERZ o IS0 BRI REZ A
JEWZATS ZeDRTEB L WVWS, FESEITII R WEHY
MBHb. NOEHSHEFEENIBNT, HEDSHE
DFIGFHE M b Fi7z i WVIRRE TR N B R EEEAT
SHTREFEZER T2 TES. L LBEE—
ARV BET D D 8 e NGRS 27 A TlE, B
MEEEAT O R CTHEETOSBHREIRT 2 20D
ZEMTERV. NBEREMAREFRNFHEEZITZ 5
Ry NEEHT 220120, NOHEREOHTH
CRFEN—TRERT 2FE 73V X LDFEEH
FARTH 3.

ABEDEIICERSHEEER L TWSDHIRIETE
SRR TFEETIUVEIEIL TORWV, BOoHhD
MAITHOITWS., DML LT, A¥F—1F
FTELDBIZ DTG0 & NIEHFEICERE RS 0 25
{LHEERICHOWTEEEZFE L TV 5 & ofit 2 1Eng
LTW3 [1]. JEEETIE, BRy MCEHSEL HEE
BEXE2 2 THRRINICEF SIEES PR T 2 v It
WITAERNSIBA L & 5 8§ 3T Twa. L

AT L BUR TR TSRS ER
T 226-8502 i) IR AR X R HHT 4259-G2-2

www.ts.ip.titech.ac.jp

79

ML, FBRIERS v BEREAS X ORIUTIL U Y]k
FFEFHEORTRFERICER L TWS S A7 LMITFEE
LTWRW [2]. ANBRZE TSN U2EE b sib e
X hEFESHEERICBT S s 2 ToMImEZ FKHIC
FEHTE2_a—I%y NT—T AT LEEEL, T
MEEREITS [3,4] 1. T/, SHROFEITOVTHES
T 5.

2 BIEASE

Roy FIZ & 3> 27 4 [5] 1%, @K SNz
B OHERROWEL D CEEEZEETL 2L
MNTEL. FWEBFRE S LICHFELEBRA 7Y
ZhOMIEEFEETEI e HTES. L LERNICH
ffids b 228 U 7= B Rl es ORI HD R R o THB D,
SERREL AL S DFE IR o TV, F-H
FBOEEEZHNE LTEY, THoFEH IR Eh
TVWRY., HFFEINEHTMAR L LTTH S,
Za2—I1F%y b HMM LR ML EHITY
2T LD—Ee LTHWSRATWS. A, BEh~
a7 E7L (HMM) ket XKk B H3E (SCFG) 12
X OMR SN AT LZERLTWVS [6. DT R
TATIE—HEEZ L HaE L - HEEDRF D iR v &
7L, HAEHRRICE S 2z EERMbT s 2
THELHRZE DT 242 ToTWVWS. BERY
P ANDERFEFE DFRFRCATE B ITES VTV 223,
RIAEREATENAEUDI 2 7R 2 —V AT 1 v
2RI TT AEKEFELTVS. EHEDS AT LT
13, HEEERERE D L ICHERAEERRS RO EIHE & 27

YRR EERE LTS0S F % https://github.com/
tttslab/spolacq.git TR L TW5.




1. Observation phase
A robot observes unsegmented spoken sound examples

e iH

2. Dialogue phase
The robot speaks in an environment where it gets reward
according to its utterance

|

|

Environment

lam at (-2, 3, 3)
and | want to
reach the origin!

Feedback
y

1: Spoken language acquisition system based on
unsupervised word learning and reinforcement based
dialogue leanring.
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gradient.
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Examination of methods for predicting respiratory

and cardiac diseases from the shape of the palate
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Abstract: To investigate the relationship between palatal shape and sleep apnea syndrome (OSAS) and
heart diseases such as premature ventricular contraction (PVC) and atrial fibrillation (AF). The maxillary
tooth profile, OSAS, PVC, and AF indexes were collected and modeled. It was found that the OSAS index
of respiratory diseases can be predicted with high accuracy from the palate shape parameters. On the other
hand, sufficient prediction accuracy was not obtained for cardiac diseases. We examined whether it is
possible to predict the disease itself from palate photographs of critically ill patients. It was found that the
Residual Neural Network model can discriminate image data for which discrimination accuracy could not
be obtained with the cNN model.
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Abstract: Co-speech gesture is a crucial non-verbal modality for humans to express ideas. Social
agents also need such capability to be more human-like and comprehensive. This work aims to
model the distribution of gesture conditioned on human speech features for the generation, instead
of finding an injective mapping function from speech to gesture. We propose a novel conditional
GAN-based generative model to not only realize the conversion from speech to gesture but also to
approximate the distribution of gesture conditioned on speech through parameterization. Objective
evaluation show that the proposed model outperforms the existing deterministic model in terms
of distribution, indicating that generative models can approximate the real patterns of co-speech
gestures more than the existing deterministic model. Our result suggests that it is critical to
consider the nature of randomness when modeling co-speech gestures.

1 Introduction combinations as a whole[6]. The shape of the gesture

was constrained on those appearing in the collected

Human-like robots and virtual agents have human data in these studies.

appearance. Therefore, they are expected to use both Beyond writing rules, data-driven statistical mod-

verbal and non-verbal behaviors to express themselves els were also adopted. The relation between iconic

like humans during the interaction with humans. One gestures and lexicon was automatically learned from

crucial non-verbal behavior that can be observed is the corpus using a Bayesian Decision Network|[7]. Dy-

the hand gestures([1][2]. These spontaneous hand move- namic Bayesian Network was also utilized to model

ments accomparny speech to complement or even to several meaningful behaviors (e.g., nod) while consid-

supplement the information relayed in a speaker’s ering the synchronization with speech[8]. The rela-

speech[3]. Modeling the relationship between gestures tionship between the prosodic feature of speech and

and speech will provide a useful tool for expressing rhythmic gesture was modeled using modified hierar-

ideas comprehensively for human-like agents and pro- chical factored conditional restricted Boltzmann

moting humans’ perception. machines(HFCRBMs)[9]. Taking both prosody and

At the ecarly stage, robot gestures were only de- text as input, a probabilistic model that maps the

signed for a few pre-defined scenarios[4]. For the au- concept extracted from text using WordNet to ges-

tomatic generation, the first trial was the so-called ture clusters, integrated with the superimposed beat

ruled-based method. A set of human gesture patterns gesture, was proposed[10]. However, the methods pro-

is recorded as sequences of joint data, and their oc- posed in these studies require an elaborate feature en-

currence was statistically studied in the relationship gineering on human data.

with the lexicon. These results were then summa- Since human data analysis is tedious and

rized as a bunch of rules to decide which gesture to time-consuming, machine learning and deep learning

select from the recorded database[5]. An advanced approaches have been utilized to automatically map

rule-based method was proposed to separately model speech to gesture. Hidden Markov Model was used

different parts of the human body to generate different to generate pointing gesture from audio features[11].

The effectiveness of recurrent models such as gated

3 . 2 fe e RLTIT gy .
i ?%ggigi?g@;ﬁ%é;@%%mm 1TH3 recurrent unit(GRU) and long-short term
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memory(LSTM) on mapping Mel-Frequency Cepstrum
Coefficients(MFCC) features of speech to gestures has
been analyzed[12][13]. In [13], a bi-directional LSTM
network learned the mapping from MFCC features to
3D joint coordinates of the skeleton from the dataset
collected using MOCAP toolkit. The text was also
used as input to generate meaningful gestures by se-
quence to sequence neural networks[14]. In [15], the
text was encoded using bidirectional encoder repre-
sentations from transformers(BERT) to be concate-
nated with audio features to generate gesture sequences.
Due to the high dimension characteristic of human
motion, Denoising autoencoder(DAE) was employed
to reduce the dimension of motion to help the neural
network to generalize[16]. [17] made use of labeled
gesture phase information to constrain the dynamic
of generated gestures. The individual style was con-
cerned with separately training different neural net-
works with L1 distance and discriminative loss on a
particular person’s data[l18]. A style transfer model
aiming at generating gestures with personal style for
others’ voice was also proposed[19].

The generation methods mentioned above are based
on a strong assumption: the mapping from speech to
gesture is injective, i.e., only one gesture can be gen-
erated by these models for one speech segment. On
the contrary to this assumption, there are alternatives
for almost any gestures. There are numerous exam-
ples of this phenomenon, such as using left or right
or both hands, hand at different height and radius,
and so forth. Additionally, a human may perform
new gestures that have never been performed before
for a particular speech. We treat this randomness as
an essential nature of co-speech gestures. As a result,
we aim to design a generative model to realize the
randomness of co-speech gestures.

Relatively few studies have walked into this field.
[20] uses MoGlow to generate gestures while control-
ling the height, radius, or speed by inputting a con-
trolling variable, realizing the gestures’ variation. How-
ever, they rely on a manipulated signal, whereas we
leave this to be entirely random by sampling a random
variable from a prior distribution.

Inspired by the success of generative adversarial
nets(GAN) on generation tasks, we proposed a GAN-
based generative model to realize the conversion from
speech to gesture while preserving the randomness.
To optimize the model, we designed a discriminator
to give dynamic feedback on the generator results.
Mode collapse, a common failure in GAN training,
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is minimized by using the algorithm of unrolled gen-
erative adversarial nets(Unrolled-GAN). We experi-
mented with our model on a Japanese speech/gesture
dataset. The objective evaluation showed that the
proposed model can better approximate real gesture
distribution. User studies also confirmed the proposed
model’s effectiveness and showed no significant differ-
ence between the generated results of the proposed
model and the ground truth(original human motions).

The contributions of this work are three-folded: (1)
We proposed a novel deep-learning-based generative
model for co-speech gesture generation. (2) We pro-
posed a strategy for changing gesture patterns by ma-
nipulating the randomly sampled vector, and improved
the performance. (3) We confirmed that the proposed
model outperformed the existing deterministic model
through experiments.

2 Method

2.1 Problem Formulation

The notations used in the rest of this article are de-
noted as follows: for a speech segment with length
T, the features extracted from the audio signal is
s = [s¢]t=1.7. The sequence of the absolute position of
each joint in the 3-dimensional space is j = [j]i=1.T,
where j; = [2%, 9}, 2{]i=1.x, K is the total number of
joints. The problem of generating gesture from speech
then can be defined as to parameterize a model G by a
parameter set 6 such that j™) = Gy(s™). Further-
more, we aim to model the conditional distribution
Xj conditioned on the distribution Xs. To achieve
this, a random variable z sampled from a normal dis-
tribution N (0, 1) will be taken as input by the model.
Thus, the problem is to find a paramter set 6 such that
p(jls) = Gy(zls),j ~ Xg,s ~ Xs,2 ~ N(0,1). The
error between the parameterized distribution and real
distribution is defined as d(p(j[s)j~xe,P(ils)j~x,) to
optimize Gy. A model D paramterized by ¢ will be
optmized to be the measurement of this error.

2.2 Feature Extraction

Motion features. The motion data in the cor-
pus is composed by joint rotation and offset of each
joint. We used the protocol provided in [16] to con-
vert the joint’s rotation values to absolute position

values(APV) in three-dimensional(3D) space to meet



our problem established in section 2.2. As the move-
ments are concentrated on the upper body part, we
only used the upper body’s APV as the training label.

Speech features. The speech features used in this
work are the prosodic features. Prosodic features in-
clude fundamental frequency(f0), intensity, and their
first derivative and second derivative, as they reflect
the rhythm of speech. Although MFCC features are
frequently used in automatic speech recognition(ASR),
they are not preferred here because the extracted fea-
tures will be used as conditions in model D. Low di-
mensional features are expected to yield better results
than a high dimensional one since high-dimension con-
ditions will drastically reduce the number of samples
included in that condition. An opensource audio sig-
nal processing package Parselmouth was used to ex-
tract intensity and fundamental frequency from the
speech signal. First, using a window size of 10 mil-
liseconds and hop length of 5 milliseconds, 200 frames
of every second feature are extracted. Then, every ten
frames’ feature are averaged to be 20 frames per sec-
ond(fps) to match the fps of motion data.

2.3 Methodology

Fully-connected layer(FC). FC is essential in
the deep learning area. It consists of a weight ma-
trix W € R™*™ and a bias vector b € R™, where m
is the input’s dimension to the FC, n is the output’s
dimension of the FC. The computation inside FC is
defined as equation (1).

A=xz-W+b (1)

where x € R™, A € R™.

Bidrectional Long-Short Term Memory. Bi-
LSTM is a general solution for sequence data mod-
eling. It utilizes the past and future information to
compute the output for the current timing. Consider-
ing that past and future information in the speech has
influences on the current motion, we used bi-LSTM to
capture the information flowing through time.

Generative Adversarial Nets(GAN). The essence

of GAN is a min-max game between a generator and
a discriminator. While the discriminator is being op-
timized to recognize whether its inputs are sampled
from real data or generated fake data by the gener-
ator, the generator is trying to deceive the discrim-
inator by learning to generate data that resembles
real data. This adversarial system will reach the nash
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equilibrium in the end after the generator learned to
generate real data. Intuitively, this is equivalent to
that the generator approximates the real data distri-
bution. [21] confirmed this hypothesis by proving that
the generator is trying to minimize the Jensen—Shannon
divergence between the generated distribution and the
real data distribution when the discriminator is opti-
mal.

Conditional-GAN(CGAN). CGAN can gener-
ate an entity in a specific category[22]. It adds the
same conditional labels for both generator and dis-
criminator. Mathematically, the distribution to which
the GAN’s generator is trying to approximate is re-
placed by the conditional distribution conditioned on
a specific category. [23] used CGAN to model head
motion with speech as conditional input.

Unrolled-GAN. Mode collapse is a common fail-
ure in GAN training, i.e., the generator outputs iden-
tical results for any noise vector from the prior. By
unrolling the discriminator, unrolled-GAN allows the
generator to "look into the future” to prevent the dis-
criminator from overfitting on a specific training sam-
ple, reducing the mode collapse[24].

Proposed method. Our proposed model utilizes
the architecture of CGAN, where the speech features
are used as a condition. An overview is shown in
Figure 1 and 2. During the generating phase, a ran-
domly sampled vector(noise vector) z from the Gaus-
sian prior is repeated to the time step length of speech
features. Then, z and the speech feature s are concate-
nated and fed into a two-layer bi-LSTM. A sequence-
wise fully-connected layer then takes the output of
previous layers and outputs a sequence of vectors indi-
cating each joint’s absolute positions in the 3D space.
The reason for repeating a fixed-length random vector
instead of sampling a sequence length wise random
vector is that we want to maintain the output mo-
tion’s consistency along the entire sequence. To opti-
mize the generator, we optimize a discriminator simul-
taneously to compute the error between the generated
distribution and the real distribution conditioned on
speech features. A vector of motion sequence and the
corresponding speech features are concatenated and
fed into a two-layer bi-LSTM layer.
squashed between 0 and 1 through a sigmoid func-

The output is

tion, indicating whether the input motion is real and
Instead of
outputting only one scalar for the whole sequence by

corresponding with the speech features.

the discriminator, we prefer to output one scalar for
each time step. The reason for doing so is that though



LSTM is claimed to be capable of capturing long term
dependencies, in practice, the effectiveness decreases
when the sequence grows relatively long. The equa-
tion for optimizing generator and discriminator is de-
fined as equation (2).

Generator(G) »

Yo $ 3
Y 1Y RN
|FC3||FC3||FC3|
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I%%%
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Fig. 1: The generator of proposed model. The output

of FC2 is manipulated to the same time steps with s,
and then be concatenated.
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t
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where m is the number of samples.

Algorithm 1 Algorithm for training.

Require: «, the learning rate. kynro1, the unrolling

steps. m, the batch size. iteration, the number
of training iterations.
Require: ¢, initial discriminator parameters. 6,
initial generator parameters.
1: for 0 to iteration do
2. Sample {j¥,s®}m,
the real data
3. Sample {z(V}7,
prior
4 g5 Vel 2 log(De(jV]s0))  —
log(Dy(Ga(=), 50))|s))
P+ a-gy
backupg < ¢
for 0 to kynron do

(i)};’;1 ~

~ (Xj,Xs) a batch from

~ N(0,1) a batch from the

Sample {j(i), S
the real data
9: Sample {z(M}™  ~ N(0,1) a batch from the
prior
10: 96— Vol X log(Dy(j
log(Ds(Ga(=1), 50))|s0)
11: P+ o+ a- 9é
12:  end for
13:  Sample {s(17,
data
14:  Sample {z(W}™  ~ N(0,1) a batch from the
prior
15 g Vol& X0, log(Dy(Go(=, s)[s)))]
16: 0+ 0—a-gy
170 @ + backupy
18: end for
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Fig. 2: The discriminator of proposed model.

catenation follows the order of the sequence.
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On the other hand, a common failure during GAN
training is mode collapse, i.e., the generator outputs
identical results for any noise vector from the prior.
In practice, we found that the algorithm proposed in
unrolled-GAN successfully reduced the mode collapse
that appeared in our experiment setting. However,
since we used the LSTM layer, the original unrolled-
GAN algorithm will tremendously increase the train-
ing time. As a result, we simplified the algorithm and
observed that a similar result is achieved in our ex-
periment with shorter training time. Note that we are
not claiming that the original algorithm is replaceable
by this simplified version. The proposed algorithm is
shown in Algorithm 1.

In our experiment, we found that each noise vector



corresponds with a particular pattern of motion, i.e.,
motions with the same pattern are generated when
using the same noise vector throughout the sequence,
a result that is not desirable. To increase variations
of the generated motions, we proposed a strategy of
generating variating noise vectors for a certain length
of speech sequence. The algorithm is shown in Algo-

rithm 2.

Algorithm 2 Algorithm for generating noise vectors.

Require: T, time steps of speech features. F', time
steps of repeating the same noise vector.
1. K+ cell(T/F)
20 28 < [2,...,2]p ~ N(0,1)
3: for 0 to K do
4:  Sample P ~ Uniform(0,1)
5. if P > 0.5 then
6 append zs._p to zs
7. else
8 zs1  [#1, .., 21]F ~ N(0,1)
9 append zs; to zs
end if
11: end for

3 Experiment and results

3.1 Corpus

We evaluated our model on the dataset proposed in
[25], in which pairs of recorded audio and motion are
provided. The content is an undergraduate student
answering questions in Japanese like in an interview
while standing and gesturing. The motion data was
recorded using a motion capture studio. The motion
data files contain information of offset and rotation
of each joint, from which each joint’s absolute po-
sition can be derived. The audio is saved as WAV
files(sampling rate 22050 Hz, 16bits). There are 1049
sentences in this dataset, 298 minutes, 68.41% are
metaphoric gestures, 23.73% are beat gestures, and
others are iconic and deictic gestures.

3.2 Baseline

To compare the proposed model with the determin-
istic generation method, the model proposed in [16] is
used as a baseline. We use the protocol provided by
the authors and reproduced the reported result. We
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cut the upper body motion generated using the base-
line model in order for comparison. Since the dataset
is already split for the baseline model into train, de-
velopment, and test set, we use the split test set for
evaluation. There are 45 samples in the test set.

3.3 Training setting

Numerous works for gesture generation cut gesture
sequence into several slices to approximate the effect
of data augmentation. Instead, we used the entire se-
quence of speech and motion as samples. We saved
the trained model with every ten iterations and gener-
ated some samples using speech utterances in the test
set. By viewing the quality of these generated results,
we finally chose the generator of the 1000 iteration.

3.4 Quantitive Evaluation

Numerical evaluation metric. It is common for
a deterministic model to use L1 distance or average
position error(APE) to evaluate the generated results.
Since our motivation is to model the distribution of
gestures, it is not appropriate to evaluate the precision
of generated key-points compared with the ground
truth. Instead, kernel density estimation(KDE) is a
useful tool for approximating the distribution of data,
as also used in [21] for image generation and in [23]
for head motion generation. The output of KDE is
the log-likelihood of input samples based on the fit-
ted density function using samples. In this work, we
use generated gesture sequences in the test set to fit
the density function and use the ground truth as in-
put to KDE. Therefore, the larger the output value
towards 0, the similar the generator fits the real data
distribution.

By using the algorithm 2, we generated one mo-
tion sequence for every speech in the test set. The
generated motions are used to fit a distribution. The
optimal bandwidth in the KDE model is obtained us-
ing a grid search with 3-fold cross-validation. Then,
the log-likelihood of real motions in the test set is cal-
culated using the fitted distribution. We also studied
how F in the algorithm 2 affects the results. The re-
sults are shown in Table 1. The values are the average
of 5 times calculation.



Table. 1:
Ground Truth is the log-likelihood of real motions in
the test set in the KDE distribution fitted using the

ground truth itself, indicating the best results that
*

Quantitive comparison between models.

can be approached.
k%

used repeated noise vector to
generate motions. ** jointly used the proposed model

and the proposed algorithm 2.

Model Log-likehood SE
Ground Truth -29.98 1.03
Baseline[16] -508.82 87.61
CGAN* -245.67 44.72
Unrolled-CGAN* -118.91 17.03
Proposed(F=20)** -177.86 29.36
Proposed(F=30)** -161.30 26.78
Proposed(F=40)** -107.58 15.21
Proposed(F=50)** -107.98 15.77
Proposed(F=60)** -126.20 19.01

4 Discussion

4.1 Why Generative Models Perform
Better?

Modeling the distribution. L1l-distance or L2-
distance are usually used as the loss function for train-
ing deterministic models. A potential risk of doing
so is that if there are two similar speech utterances
paired with different gestures in the training set, an
average value of these gestures will be the optimal
solution for these utterances, and this average value
is likely not being an available gesture at all. This
risk may either cause the generated motions to be
not human-like or small range gestures. On the other
hand, generative models do not have such a problem
since generative models aim to approximate the likeli-
hood of real data. The generated gestures are more re-
liable and have the potential to cover a broader range
of gestures. This difference can be seen from the com-
parison between baseline and other generative models
in Table 1.

4.2 Detailed performance analysis

Motion dynamics(i.e., velocity) are imperative to
human perception. Since we are aiming at modeling
the distribution of human gesture, one reason that
the proposed model outperforms the baseline model
is assumed to be that the velocity distribution of the

97

motion generated by the proposed model is more simi-
lar with the ground truth than the baseline model. By
plotting the histogram of average velocity of all joints,
shoulder, and wrist, we confirmed this assumption by
observing that the histograms of proposed model are
more similar with the ground truth compared with
the baseline, as shown in Fig. 3, 4, and 5.
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5 Conclusions

It is crucial for human-like agents to gesture well
to be comprehensive and expressive. We present a
model for producing co-speech gestures by modeling
the conditional distribution of gesture conditioned on
speech features. Improved by unrolled-GAN and our
proposed algorithm, the proposed model outperforms
the existing deterministic model in objective evalua-
tion. Our work provides a powerful tool for Human-
like agents to express thoughts, enhancing human per-
ception. Moreover, probabilistic modeling’s success
reveals that future research in this field should focus
more on gesture distribution. Human-like agent is ex-
pected to realize complicated interaction with human.
However, without the ability to gesture well, they are
inexpressive to be understood or empathized with by
humans. Though our gesture generation model per-
forms better in terms of gesture distribution, the lack
of semantics(i.e., meaningful gesture) is still a con-
siderable obstacle to perfectly model human gesture,

which requires further research.
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Abstract:
The goal of this research is to develop an agent that can control eye movement according to its

In a multi-person face-to-face dialogue, people naturally gaze according to their roles.

role in a face-to-face dialogue with multiple users. In this study, we analyze the gaze behaviors in
three-party dialogue data accounting for dialogue roles, implement gaze models on a robot based
We show that natural behaviors
are achieved by our proposed gaze control system, which accounts for dialogue roles and eyeball
movement control.

on the analysis results, and conduct evaluation experiments.
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. Speaker's eye movement during turn-taking 07

Main Listener's eye movement during turn-taking

Sub Listener's eye movement during turn-taking
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DFHZ R 50, Sp,ML,env % /& 5 %[41% 0.57,0.21,0.22
ThHhoT-.

=T F U EORE

U ED 3 D>DEENZ BT 2R EAVTEXEICE
AR LD, —RROAH S U2 ED S kR & [
JaREHMEAEL, HROBE2/ERT 5.

4.2 Y—VTFA XV IEHUNDEE

M 41ZRT &S R oEIG 2L DD, £/, &
LG AR EBEO T — XIEL 25 & 5 ITHH
HOBROE S DFEEEZITS . &, #HE (B30 E
HoT) ENZT OREREGE L TR TW 202 b
LB RVTF— AP RBIZHE. =T—V v D&
LTI RVOED DY, TIhSEENIRED.
WIZE G REREZEZ EDHREDNE R EDN%PD
5. RARERRE 725, M6 DL D ITHRRE AT
LG D C A N T LD b o TWb 72, T2
o RSN ZHT T 5.
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4.3 MRIES LEDEE

EBRIZEGEZ RS TEEZ TR Y O CommU (25
KU 2R S ITRT. EHIZBITS, EhFEnT
NOGFFIZHEZ B Uk THh 5. HES ML HE
DAEPHIRIZKERYGERLEZ Z SR Bbr5.

'
: ﬂ 1&

8: %gﬁo)ﬁ%

5 =Bk

AWFFETIX, HE T ORISR = - FlRE RS
TEEDOHEOBENNFIIPIIEELREETHL
EZTWA. ZD72H, UTFD 4 2054 THIET %
ZElZU7z.

BEE&-EEET I

RNR=Z2F 142 UT, sHEDR, 2 N\OXNFEEZF L
HETHREDTBETIVEMBHLUE. 2 AOXNEES L
ThPHNDE Z A% R DEEGTH DN, FATiH%E [14]
0, A AN 2Nz RsEG6288 X% 3:3:41C
7Bk SITHE UK [14]. 72, BREIT 2B CH
EMINEFEBLED, NOELRWL 2 ADOXEEH D
RIZAEAEZDEE Uz 2IRTH T A0 % A U
THEONEEHRE RS L5207, BETORIIER
DN E S IZEFED AR ZEL X SI1IZ U7,

EE&-EER-REKET IV

HRERDEE W RYITH B EZ TV, HiRD
FEE T TV CEID AL Z HE7Z 1 T < BRERE 3B
Litiz@mrdET L e L.

RE-EE-RIKRET I

4 TR U RENC LD W - R S 2T A -
MRS UV AT LDREZRITOTIREET N TH 5.

RE-BEHETI

ARDIBEET VDS H, REROBEEE2 L, W

WEED AT .
5.1 FISRELAMH

b MAERIZZ R LTV AERE O - kRGeS L
EEETZZTBHFALZVRELTEEY B
WHARS LR E I DR KRYITH L0, T2ENIZT
Ry bOIRBEENIHRITEL F U72h) WO ERM
HHE %I 7=



HA 30 N (FH 32.1 %, /2K 10.3) 12 L T4 2D
B & GHE L T 272 & 2T U C RIS 2
LTH 507

AEEBRTI, EBIZINEEL 72 3 ATTbN 473D
FD 1 ADLEFEEHEZIRY MZERLUAZETA 26
BEL, ZOROEMOBE HIZOWTIHMELTH 5 -
72, ERUZIIK 8 TRT LD R %2 R T\W/ZE, 2
HOXEEE L, BARY ORI AMEROAHIZWT,
RO ANDFEIZEEC, GHOFEEHEDOFIZAFIZ, |
Ay hOBIIHEIZEZIASESI1ICLE ZFLT4D
DFEIZDWTENZ NN FIRFEAM 2 U CIHW 2.

FERFIEIIXD B TH 5. £33, IHFRRZ IR
59720 4 DOENE E OIERIER % 7 > X b L7z,
I, &4 DDFEOFEIZDWTREGNZ T AT —
V(1 2 THERER, 4 : b5 H 0N, 7
ETHHR) THEIEL CTW2EWz, 2oy %
3ODMFEXM (FxfEhXE ORI X 1 HfRE) 2xf
U & & 12 OBz D W TEISREHET L T Wz 7207z,

5.2 FHERER

SODHFEXED S B, 2 D TIHEMARICAEEEN
AONILD o127, BEENASNTZ 1 HFEXHE D
FEEIZOWTHE T 5.

**(p<.05)

LT

6

5
£a
8

3

2

1

FH&-MEB  FAHNS-WHM-  ER-W8 RR-TE-
TN REREFN EFN REREFN

9: 2Rz aRy hOIRSFENIFHARIZE LU £ L
=] OFER

2RIz Ry bDOIREZENTIHARIZE D L7
M ANOFMFERZ R 9IRS . RETIIZBWTHE
DY, B, 51 7 VERICE DWW S E D
FERZEL U, 7407 VLR, FE&-90 & %
SEER-ARERE 7OV p 4 0.020(< .05), [FH]&-SHE-
ARER & fRE-TEAE-ARBRE VRN p E 0.001(< .05), $2
F-PHHB & FE R -FHES-HRERE 7 OVRIIZ p 4 0.008(< .05)
EENTNERENEHIN. ZOER»S, HAR
WS UET IV - BENDIE U 7= SRR T 5L K OEH -
EERZ L iz@pTET LA R Y b DIRS VWD RD
HRTHDZ DRI NEZ. UL, TOMDIEEX
MITlE, BEEEASNELR SIS, ¥DED
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BEMIZBENT, BEEVRRNTD 5 D9 % 5%
ULSIHRDBEDDH 5.

6 E=E

LM SEER DAL R A &, Pl S U & &ENT G U 76
TRAC Y & SEEE L, BEEREMESLS I TR IBEREEIN L
EFLHBERY bOIEZENEHRIZEES Z LICH
MTHBEZEHRINZ. UL LD S, KEERTIIH
fde o U L BEENZ G UG 2 D 2 KD S 5 &5
SRR HEEE X200, HDEVIE, WEIFIZFS -5
THIDTHRRIED BN RO ZHSIZT BT
LIXTERD 2. FDED, oMo L THEER
EITOBERHS. 72, uRY b DOHRSEHNIIXEE
PRI FEH I DOBIfR - WFEE DLHPRIBIZ K E %
BEZIILIENEBEZOND. WHFHOKEHN T DET
VOFIE GBI ARD BER DY, SHOFE
&35,

T FED

ARWFETIE, MEEEENZIG U N & — > & 1R
ERSTETANRARY NOBERLIRD TN E S
5252 %RUT-. BE, AMBEUREORY N TH
57> R RaAa RKERICAIZHEEZRARATED, &b
AopvwaRYy hTHEHRIIE#EZ S X5 BRET LA
CHBLTWS. /-, BEDE TIVIZELEUIIKT L
TETWE72D, JENBREPSZEZTHS PIZR
WY REE2 LR VWE D REMENEETVEERT S
I ERLSBORELYTS.

S

ARFFEIE, JSPS BHHE JP20H05576 OBk % 5213
72EDTHD. T—ROWIZTH W2\ =k
T, PERTR, U ERICEHT 5.
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About the mounting angle of the Laser Range Finder for detecting obstacle
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Abstract: T4, DA mE LI L 52X FORERL, AMEEOEENDS, HFax¥EETrARy b
WCEAABEOEENREE>TND. Ya vy e ¥ —SDEHEREICKHETE-H0
lga Ry "3bh b, O X ) eBERXa Ry MIROEROEEIED —D & L CREEY AR
HD. BEEIIEAR Y FORTSE LIS 2R M CEEDERE L, BT S. Ll
725, LRF & Hud & AKEAZEY £ T b 728, LRE OELY A ALE L 0 15 oKW #iA 36
T DI ENTEY, METHERIENGFAET D, £ 2 TARIIETIE, LRF 227K > hOFIHIC
T T CERD 175 2 & T, HORWIIER AR T 5 HFIEETRE L, AE L HmibEoRER
PEIZHOW T 5.

1 FL®Iz T THUY 11 5 2 & G, % O LRF OELY £+
= T TIIMRE T E R Do 215 DIRW IR 2 9%

T4, DTE bl X2 EE FoRRERe, AMEE L ERET S,

DEBIN LR A REFECeRy ML BE{LDFE
BREE - TS, BRIFIER ClRpESsE L8 o —
BRE LT, Mt s LF TEHELEONFRED
iR aE B E LT, ZEign Ry FORIE#RERREL
(% 1). ZOEfFa Ry MIEAKR—LFEONEK D
K2 BE LeBEhin Ry b Th 5.

DL eBEA e Ry MIRHERWEEEED—
DL LTCHEEYREERS S, RIELZEHo Ry b
ILEEDEREO -2, oBER ARy N THIA
<A S TWD, APBkE 9 (Laser Range Finder :
LRF)% W TR & /0 LIElkEd % . LRF IZNERD
L—H—% A9 2 3E A EEE LR35, L—F—
NE LT 2 ETCORMZETHZ LICkD, X 1 BRAE L2 R b
PEEE & [Flisf 2 BUfS T 2B TH D.

WFOLRFIZ A v META B HmE & K ITHR
DHT, BlkoREc S, co Lk sny 2 BEIERARY k& LRF
MIEES LY, HOEWHIEIZ L —F — 03RS AETIH, AFETHIBH LR b
NTBRATE RN, HEET DERPFETS. Robotino[1] &, LRF 2O\ Tk~ %,

% ZC, ABFFETIX LRF 2 2R v MR OEIZH

LOSHE G ¢ AR RS SR T A T O S R
R R T B O TCRTARAS 1-5
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2.1 #&XORY b+ : Robotino
AL TR T D 2R v M Festo fEA3M5E L T

W5, 2 EE e AR > |k Robotino[1] (¥ 2) TH 5.

1 FE TR 7=2 7 3R >~ b X Robotino & XV —F
HATGHEIZILDETEOATRB U 2EHL, &
A — VST AR g v 8 ORI B AGA A

2 Robotino

2.2 URG-04LX-UGO1

ARFFE T % LRE 1ZACB B AN IRGET 5,
URG-04LX-UG01[2] TdH 5. 1 TR/ o R
FCfES>TWAD LRF ERIFEO LD THSD. IMEEK
31T, M THEREZFR 1 I

& 1 URG-04LX-UGO1 ftAE

. BBt 5.6m
I e & B
R 240°
\ 0.06~1m : *30
Sl m mm
1~4m: £3%
HIER o AZeE [FREE : 91mm
BESS s (0.36°

A

3 URG-04LX-UGO1

3 EEYOBRMA X

ARFETIE LRF Z RIS T 2B oEEY O
FFIEICHOWTIHRS . X 412 LRF Z2/KFm & B
A A EECEY T 7= R O R & e % 9.
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K4 FOR A TCTREBREIT S, LRF O L—HF —
DESE A5 0 & LT, LRF OB E Eod R
X5 ThHb.

JAO[VZIR & T 0 LRE ORIEH#EChH 5. LRF O L
— W=D RIZIRE T B HE, EARBC I3 0 B RE
TOHRBEZRE LIS EOEEY LD, 22T
Robotino ®EAE L A U 500mm OWE AT & M1 31T
WATARET H % & £ 2 BC O BAE{E % 500mm T 3%
+5. FZTCIOBCHEKETH D Z EnbnniEL
— P —DFHICEEDNEN AW TE D, £2T
BN 62 UK E TORRBEA0 2 RE LT
<. BCOMSREDHEE 0 NEMAND, b 5H LDl
E L72]A0] & 0 /N SWIEE Y 72 1 F AUEBC D
BITKE TH D LHETE S, TAbLEREHRHT
ERpo A, FRITERERELZELTLD
57 Uil U 7= 5K & TORRBEIAO] £ 0 3T < I A7 HE
THEEIZe Ry NORITHICHEEY H D \VITEENRTT
ETDEHETD.

LRF /50
/5

i

Robotino

B4 LR % ACVf & e % 44

Y 5+ 72 B oD i n s e
C_ A B
0
LRF
Robotino

5 M4 % b Rz

4 KER
BT 3 HORMFECHEN AR TE 510%
e B s, FBREITS.

EERIZHT7-->T, LRF % 30 75 60 FEOHPM T
Robotino HIFIZMEIT 5. fHITHAAEEZ 10 ERAT v



TCERE LN 5 FEBREZIT 9. Robotino |2 LRF A 1H
FCERY AT A72012 3D 7Y ¥ CEEAER L
7o, X6 IT/ER L7=BE L LRF 2 B HEEICEY 1T 7=
Kv-Z7d . ZnaHE D 21, 5em OE SIZHUY £+
5.

R & LT 11[em] X 7[em] X 5[em] (F X BLAT X &
) O/ EBRET S, Zh%E Robotino DIEMEIZHE
X, LRF 25 AT LI, EER 5 T Oy
BC BIZ&h 7= HNE CLEAIZEIN LR S, RATE
LEMHERET S, ZNEKED ETITS.

B 7 ICEBRE R, £ L THR?2 L8 ICHERFERER

X 6 EERIZHER L71= LRF B

e H

£ Xy

L i
. s

X 7 SEERE

FEERAER LD, BRAEEIIOT S ERRMED
500mm & LRI AFER & e Tz,

* 2 EhkER
LRFZET - A E 30FE |40/ |50 |60
IRENEEH (FR) [mm] 558| 563| 548| 552
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[mm]
560
550
540
530
520
510
500

B1Z{E500mm

40E 50/E 60%
w A& R0 ED B () [mm)]

X 6 SEERR R

30E

5 B VIC

I, DrEi e MEEOEIZ LY, el
¥(fTrARy ML AMEOFEREE-> TN 5.
AT E Ry hO X O RBEXe Ry M
EAL, ity 2aRy hoORiHICET THRY
FiF 5 2 &C, BEkOME & AT Y 2R
FAHFETIIRA TE R - - EEY Z BT 5 2
LERL, FOHMBEIZHONTHE L. HIEORER
Robotino MEFE & [F U 500mm OFLPH T H L FEEY
ERAMTEDHZ Enbrotz.

SBOBEE LTERBICERy MoFEESTH L
BEZT, BEEVMOFEDHEE T TIERL, (E
DO EITY ZENEZBND.
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Abstract: T4, D 7EEMLIC L2 5BEREC, AMFPBEORB) DA ¥R TrAR Y MK
LHMEDOTENEmE-> TS, By NOBEEBEBOLOIZITH N EOHENLETHD.
FICHEREE >V & H\ 72 B CALEHEE O FIEAMEH ST 5 28, #i7e EEEICR O R n
DI VEREE T, BOALEMEDORENMETT 5. £/, AT EHAWZACNEHEED FED
oM, BNA MEMEN & WD B & BEGRHEA D RN E D RBRICIK T T 5. fiRR E L
T, FIT~—N—% N AT THikd 52 & TIEHEEN AIREIC R 508, BENI S /'~ —h— 3%
BINTWAFAICRESNTLE . AETIE, BEEOEBBEIa Ry Moy V~—T—
ZEY AT, OBHEBEI O Ry FOX S~ —h— BT H 2 L THEHETE A L, HaRAICE)
< Z & TIRB#HZ KT T BEBE o R v N O B OATEHEEDO FIEEZIRETS.

1IXEHIC

AR, D Eibic L5 5@mE e, Mg
EEN O RER TR Y M5 HENMEOE
DEE-STND. vARy NOBREBEIOZDIZIEA
CALEOHEENMLETHDH. HONMEOHEEIZITE
WCHEEEE e AT WD, Bl YTl
LIDARSLAMI[1]7%, # A Z Tl Visual SLAM[2]723 =
WCHOAEHEDO FIEICHEHESN TS, R EHE
FHIC TR DB 30 72 O BREE TIE -+ 5 354, IR
Bt IR O TIZ LY. B OB E DR
ERMMETFT 5. £72, AT THEAR MEMEND
E D R & BB RN D e 2 L B RIBRICIR T
T5H., KL LT, #U~—W—%Hh AT Tk
T5Z L CAEREENAREIC R D0, BENI¥ 7/~
— I —PREBIN TV DEFICRESNATLED.

AT, B REEBEInR Y MIF T~
— =% T, thoREBE Ry hoX T~
— D — BT A L CEHTEE L, WHiErIcE
< Z & TIEE#IME A LT TV BEBEI n R > M
D HEAEHETE D FIEEZIRRT 5.

2 BERBORY b2 TI—H—

AKETIE, ANETH BEBH oA v b
Robotino[3] & ¥ /'~ — 5 —IZ DWW Tk 5.
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2.1 HEBEI 2 AR > | : Robotino

AWFECERT 5 m AR v ME Festo #h23 k78 L T
W5, 2FBEEeAR > b Robotino(X 1)Th 5.
¥ 72, Robotino =2 hu— 7 vl 7 AL,
robotinoview[4] & ffi FH L TIERKE L OVEITTH 2 &
N TX 5. AWFFETIE, robotinoview 725 1278 » k@D
BEGCAT TV T OERERAENGHAEL, ThE
NOBEIEREEZ KD, TOBRMBML Ry hOAE
ETOHETDETEOF RA MY OFHREEET 5.

1 Robotino



227 < —h—

AT w—=T—X, BAT—HBIZLDRETHIAT
L OMRMIE &KL ID FHa Rk T 5 Fm S
= THHEBERY — L ThbH. axlhk I~
—D—DPREINTWVDN, KRFJETIIX 2 D 6x6
DRy hTHEHRERBL TWDH L I ~—h—%& i ]
T5. AHO 20 Fy MIETEEIN, FiLL
HNDOEHBDONRE —TIDHFSE2EBT 5.

X247 ~—h—

221 2 7~=—A—%FH LIALEHEE

BT =—H—ORE X LR, &L CTIESFEN
LDOPNAHEEMNS, R =R ZER EONE
LEBNRHETEB[6]. Fio, MEEEBIIIAT
JEFEZR C NG WLT- 2 7~ —J — RS M DL & & 4
B A RTRIRERITY] CHy & L TRTZ ENTE,
ZOWLITHIMH RO D Z LT, X7 ~—h—
WZBITDLHIATOMNEERBRHFTOND. #T~—
T —XNEHER 72 71 A T CRRIRM FTREZR 720, kG
DurRy NETY AT LAOLENARETH 5.

SIERFZX

KETIE, #7~—I—aH-BRBEI R Y
~MEO A CALEHEE FIE L n AR v hOEES LR
~D.

3.1 ¥ F~—h—ZRAui- HEBE

nRy MEOH M EHETFE

n EOHEBEIe Ry hnD, RENELLRDA
ARy b & —HBEO Robotinog &35, Z0D
Robotinog (2%} L T, Robotinom 23 &4~ % (1=m<n).
ETOHEBEI R Y ML, ¥~ —h—L B A
T MNERE S TW5 . Robotinon O &h#i P 1%
Robotinoy ® % 7'~ — 71 — O B RN 21T
2 5 #iPHT&H 5. Robotinon D&, Robotino, @
J1 A Z %% Robotinog D % 7'~ —J1— DALE & KB %
Hf5% L, Robotinog DA IEMEEE & Abo¥ 52 L THD
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MEHEZITH. FEECn EOEHBRBEIR R »

hnn, REMELRIARBEIR Ry hE2—5%
® Robotinoy & L, Robotinom 23 &) L% B % /i
5.

32uRy FDREFE

HE#BE AR >~ kT D Robotino IZF%ET DX 7
TR AT R, XTI —HED
Robotino (Zxf LT3 23 %. Zi#uE, Robotinog
IZ@&IXNT-55A, Robotinom D i K BN 2% 2 5
LRI H T~—T—INRZDUENDH DT L
Robotinom ® % 7'~ — 71— ZFIH U7 L& HEE 1 E 4~
T—=H—=DPNHEENRKE N ERBOHTED
FEEN ENDEEA S D720 THDH. K3 ITFEEL
72 Robotino Z/~3". ABUEHT LU A Z1%, &5
B AT TiL7e\W =8 Robotinoy D% 7'~ — 71— & B
54 5 7= 12 Robotinoy 23 % 7' ~—H—D R .z 5[\
X IR T AN ERDH D.

3 3245 L 7= Robotino(f5 ; £, 72 ; Al)

4 B8R

ARETREFIE L WORIED B CALEHEE 2 ik L
TRt 247 5. PERED A CALEREE & L TA KX
FUEEHTS.

4.1 EBRFE

SEBREREL & L T3 SIS TR O R H3 D
IRWBREETIT 5 RETE R, RFEIZZED L D RERE
IR, REFOE T TERRZIT S . FERITIER
ZTNENHECNEZITY, fE L EICBEE L,



FEE LI L aRy FONEOEL AR L+
% . 1 TlI Robotino & 2 BEHT 5. M4 1Tk
ENRREE & R ENLE 2 R T,

Robotino, @‘ Robotino,

P03 POL

@ &
P05 / \\\./
&\\\@/ —@W L,

X 4 BB & fE e AL IE

4.2 EBGER

X 512 EBFE R A2 RT. P02 & P12 D% Pa |
P03 & P13 O % Pb 12 P04 & P14 D% Pe |2
P05 & P15 O ¥ % Pd (2777, fitdhi3da € L&
& Robotino DFFEED 7% /R

0.35

il
15

()Rl S B S ounogoyrr BIRFH

FREME

X 5 SERS R

bE L

AR, D ERbic LT EE AR, AMFEOS
o DRkx R TR Y ML D HEMEOFEN
FE-OTWS., vARy hOARBEIOZOIZITACD
MEOHEENLETH D, HEkiEOH OALEBEHREE T
i, B CTRBEIIR ORI N T W BREE T,

H O EHEE DR ENMET 5.

AT, BEEOREBEInR Y MIF T~
—H =% T, thoREBEhe Ry hoX s~
—h— Rkt D L CEHEEZ L, BHRICE
 Z & TIEB#AA LT TV BEBEIn R > M
OHCOALEHET EZRE L, FHMliz -7, B
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RO 3D 7 N BREE T O, LD H O EHE
EICHIFFT& 5.
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An Experience System of Soccer Referee using VR Head Set
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Abstract:

The analysis of sports data has become increasingly popular in order to strengthen

teams and players themselves. On the other hand, referees also have an important role to play in

the fairness of the game. This paper proposes an experience system in order to provide a low-cost

practice environment for soccer referees. The system assumes not only a practice environment but

also a data collection system for soccer referees. In the experiment, we collect behavioral data

from subjects and analyze them based on some evaluation criteria.
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TERATHD, FRABRIINR L FEMREIh T
% [7,8,9].

— /T, AR=Y TIFEHEELREE LR, &
L, EFU L ZOBREZHEBEL, EFL L DITE
BASML, 2L T, #FRep@ L GRERET LT
NERoRY., IORVWEHEERT 5 Z 2 IZAR—
VIZBWTHELRHFETH D, FHICHET 27— XU
R oo APED TV [2, 3, 12].

AR=Y F =2 Oufb e o EHER AT S Fik
¢ LT, Virtual Reality (VR) ERRIE—DDFLERT
Ta—FTH5. HRALIX VREREEZHWFEEDHE
R BT OVWTIART WS [11]. ZE[EFEERE
DERICELTIE, Z0EBESVIMEAELBN S
XN TW3D, VR BRIE TR E BUABRT %
ZeT, ¥HEOMEANEL NS THILHNTESL
WitFx T3 [5, 10].
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2L —XDETTLIREZRE T 4 — L F EOEH]
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Abstract: Covid-19 OF8IC LD, HEMICa Ry M OBHRIPHIERE L 2 oTW0 3.
HeaRy b EEBE HEHIEE B S A2, BT 2 LETFE Ry MIfillp HEHEN
728, RBPPIWRL THFHTE 20562 H 5. LirL, vRy bOFE, K- Ky 7O
B2k, EBCe Ry 22 08D D, EFTOEMIEEL V. I TAAETIERERY P &K
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J =< ARMRTORR Y MEIARDIEEHEEKT 5.
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Hik) [4), HEA Y Y EyZicil TRy bOA Y
YEv 7 EBMEL XS w5 HIWTHRE X 17z World
Robot Summit (2020 4 10 A, BEICHEH) [5) 2y
TH5. RKeTHVI Ry MHEEROSEAR, 7

EAGIE | BER KSR T AR IS HOE (S AR
T 520-2194 (ﬁiﬁi%kzﬁﬂmﬁﬁﬂﬁlm A 1-5

E-mail: wataru@rins.ryukoku.ac.jp
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077 A RFITED 2 e THNEFEMT 2 KRB0 DH
%. 2020 4E 9 HIZ AWS DeepRacer 7 4 ¥ HL Y E—
Lo (6] BEIES N, COkAE, HEOIGH
oty MINLT, BEDOT0 75 L2801
Y7ty 7 CHIlY 2 LA THL. 2L T, &5
&, FEHIE 4 70T, AFRMLERLZET
D EET, a—RA2ESHE2ML B, Rof o fEH
7y FeEo. N— Fv7yn@EtRTH D, N—
FY L7 28NN EIR 7=, B TEMS 5
CEDVTERRRTHS. £F—2rpairy b2ED
AATWBGE, EFSaRy b 2fillo THES 24
WD 5. KEERwBEN Ry M (2020 4 11
H, BEEASTHETE) MME1F—2r2%LW
S NBHIRD D 2 7280, =# %l 5 2 & CHfES %
TETH2. LrL, NEHIROLVWRRTERSLGT
D=Fx T2 PN TERVED, &F—L0HD
DWIRE Tk 2TV, ZThehikss e TRRL
LTS, I =PHER AT K= (2020 4 9 AZEME, k)
[8] *° International Conference on Intelligent Robots
and Systems (IROS)2020 Open Cloud Robot Table
Organization Challenge (2020 4 10 A, Hi#k) [9] %«
ETHD5. EEFERREZ, ENOEFHFHERICART
BN D B H, 2020 4F 10 ABE, HATIAEH
3P ey 2 EROMRMEZ BEE T 5720, FHE,
EAOEFDHHADEBERZIIBMT 2 Z A TER
W, — T, IROS D X 5 IC&F — LRk CREA T
Y5 BHRETH 573, EFPuRy bOFE %
ETHRET S e TET, PEMTHOI S ERIEN
H5. £, BHERNIIF —2NEHT I 774X



DOEEET S Z e DEEL .

KHFZETIE, 2O X5 BEFEFTITBVWTHRBE O
Ry b OERFROEREICOWTHETT 5. BERY
121X, RoboCup Logistics League[10, 16, 17] ZX 5 &
T5. ZOHmEAARTIE, BEXa Ry Fofimgide
F—LEBTH 20, WEeEGZDDNY KR v
NR=EBREEF — 2 MEBRLBENDH D, FHUCEET
Y —FHbF—LHBIIELL. aRy b AT A
DLETRIEEF —2H—INTWBD, Lic#i-T
WAYIDTF — BRI 570, N— Y7 HEE
DL e ERI DR DM T DR o, EIRRIEI
B 205 LT, #F, HH, 2L TEED 3
FHhb0, ThoDAGLEICED, B ICH
ZRIEEZ T 5.

AEITIX, AHFETHRE T 28R TH % RoboCup

Logistics League (RCLL) IZ2WT#iAA$ 5. RCLL &
THDF— b A= a MLEHE L-HEMEED 75
YoV REY LIBETH S, ERT 2B R T
ZEIZL LTV, X=X, VY7, Fyv7
D3 DODEMTHERINZ. ThznarEiEEd D,
DA T ail&koTY OB EDS. BIERX
025 2 E TCOEXDBHEZATY.. Zh bzl
T3 2882 LT7 2 M8 D Modular Production
Systemt (MPS) ZFwW3. MPS X, €Y 27 —HfI
TEBZHATITIZ N TELZSRATLICK->TEH

D, THD T4 > e MTHEZEE L CEEIHANMN
FonTwa. MPSIX5 DD, WL o»F U
D MPS DELE XN TWBAH, EENRNELRZ 720,
[f—®D MPS IZTFE LW, WFho MPS 12, #6f
RIS T2 DDAV b Ay X7 BHINZE»NT
BDhH, MPS OffHIC X o T, "L bayx72HL
TRy b5V -7 %2272, IITL7ZbL,
ZOMEERRO T — 7 R FHEAL b a3 Y RTIZEWT,
Ry FBZENEZITES LW AHAICZ o TV 3.
RCLL TlX, BEIBIZSF — 2368 T, flZide—%—
OREEZEHET 2R EDFEMRAS Z LIFFFEhTn
BV, Y —0BEMPY -7 2 D) v
R—DBIMEEF — IR TWS.

2020 FHAEDINL—NLTIE 7 4 — Rl 14m X 8m D
JRET, A DHIBRIICEF — 2 LT TR, 14
B D Modular Production Systemt (MPS) #AlE&E 3
5. IEDIA VPHBIIEDLE 2 EELTED,
MPS OELBIXFREG T 2 ICT Y X LIPRESINSG. Zh
5D MPS %=X B3 % 72 flHic~ — 57— 5
NTW3., BRI 2 —X TR, HELREROEBEZIAD
WIEEFHEY LTED, BRy M MPS OFreEH
DBEHRIMEZONTELT, ZNEMNE Z & THA
k3. BRy NI~v—D—% R 22 TEDEHEHD
YOI &I DD MPS BT W3 % jiE
LT, BHOTuro nnz 3.
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FHDOTn 7 Z L (RefBox) 1&, &F—2D Ky
M U OB 2R I E iR £ 2 nz, aRy b
BHOONEERZ Y2 —ary e LTEETS. Ih
5 D{E1213 ProtoBuff[11] ZFH L TH D, RefBox
BT — LIZEUE T B IEHRIZE X TES DY, F— 4
M OIEET HIHERIIEFF Ao W70
BF— LACHEA L3l ChE Sk LTk 5. MPS O
filli#ld RefBox DEHETH Y, aRy bhs (V- %
Bz eh TREOR—ZZBHLTRLVY) 2o
T2EDRZSZIIELD, MPS 2% DRk 3 Hikgs ot
EHITD. T, Ry MR REMEZ - &P, &
AR X 4 2 > 7T MPS R FIRIEIKEBIC 72 B 23, #
DD RefBox 23 5. 7238, RefBox & @Ry hHE
DiE{E121%. ProtoBuff # i\, RefBox ¥ MPS fH®
W(E121E OPCUA O 7 a b aAdfbiTns.

Z D & 51T Logistics League 1%, /N— KV 7 DIERK
DoEET R P AL ORI, 2L TY 7 U7 OIER
CHEIRWEARD 5 5. ZH@ R, FHESANHEHL <,
ST — 28D, ZD7=8, Logistics League D
MzERITHRL, T2 zeHi> 28T, FillF—24
DB AZRTHEPRREINT WS, T % Technical
Entry Challenge (TEC) & FER. TEC Tl, ZEHRE
MeLTHODRFIIZHEL, 22X LT3
WO OHGEEZEL TS (R1B]) . 52002
¥, 1) BE) (Driving) , 2) i (Positioning) ,
3) #dik (Detecting) , 4) #24F (Gripping) , 5) #fE
(Communication) ¥7#-oTW3. &F—2L, HiHibils
BICZAF N ZERL, PRS2, BOL 2%, 5%
R, KLz I 3HEHRKT 2 2T
x5.

2020 4 9 AICHEBRRFTENM L 7z RoboCup Japan
Open 2020 Logistics League [14] 1%, Z® TEC Z#k-
T3, HEEDH DD L DFEKRIT Robotino TS
MUTW 3 B4 F—L0FBML, BAKFED
BabyTigers-R[15] £ &HHT5 F— A TR ZH - 7.

& B X I

7, EETEMT 2 CH-DRILGTH IE/RE
EEBMF -4 YR =3y MEHTORSHLE
BHB. 2y V=27 OEHRRETR 1ITRT. aRy
FRTLZDD DDA TEELN— RV T D
P, ROy N7 — I AOEFICHEL TIERS
TOANFRREE L. ZTRODIEEE BNV HE
HB2ARy 773 T, METFRELZELT 3.
BF— LD REBG R V&R —F vy P TORE, b
TARBREZHHL CEFDBRGA X v 7 1H5R—%
HL, 2L TOREERITS AIETH 5.

2

1725



% 1: RoboCup Logistics League Technical Entry Challenge DR [13]

Topics
Level | Points || Driving ‘ Positioning | Detecting | Gripping | Communication
3 50 Nbr 13 Nbr 23 Nbr 33 Nbr 43 Nbr 53
2 30 Nbr 12 Nbr 22 Nbr 32 Nbr 42 Nbr 52
1 10 Nbr 11 Nbr 21 Nbr 31 Nbr 41 Nbr 51

K 1: KESGBERF—LEDBDRy b U — 7 A X —YK

7B, ETZER (R) 1k34 X —xv M
ARy —=dzhzhEizh, V7 vz 7OflRS
iz 25y rv7—2r7abhareR—roflRH NS
NTT, ZNHITHT 2 EREE S —HICHED 2 H)
TERIoT.

A4 ML TERBIREILIE, B#T - EHY - F
HOENTHDBRTEZZDLBEND 5D, T2z
nzho 25 (B LI 3 M) ToRhED 2 E
b, ZNOOHEEERR 2 IIRT

F72, 2020 F 9 AICHEM L2 KETIE, LD 7 14—
NVREFIC8 DDA R T HFHEL, AV I74 v REY
AT LTH 5 zoom WCFNEFNDH X T R LT 2.
BT FIFRIC zoom ICHHE L, FEEEZEIRT I TH
X T DORBo>TNBENRNY AV EERNILETREZWVE
REZHENDS LS. 4%Id Virtual Reality (VR)
ERAL, EERH2DR5I0E X5 IEME R
BEEZEIICTRILT, FAEMTOLTRZEE
zZohs. BHRa Ry MICVRHADI X 5 2&KET
32T, 2BNEEHICKEIT 2 FEDAEETH B
LEZ5.

3 F&o

ORy MRS TEOGFICBWTREELTWL
M, FNFNOTHICFHELL TWa 0, Hifiz®

X 2: B 7 4 — )V ROREFICARATERBEL, A7
A VRBIAT DTES,. BEEIIXSOT T
FEEIRT 2 Z e CHEZKE T35 2 LHATHE.

BN Z e AL K o TWB. 2D, TS
P CRHE Y XN B EEN LR 2B D AA T RE R H
BI2Zrickb, SHMOMMNRLESTE 2 X
STk B e, ZooBEMiEEE RIEZ 5 Z 228
TZX5X21kh3. ZoEH IR Ra Ry M
DTFT7 77 b+ RRVE—=FPREE ENTWBHT,
BOEF D BEEHE I W= Hifomis s (Ke)
ERETHIEREDT 777 b AR X — RMueiHt
EIF3 Y27 MBEATWS, —5T, COVID-19
DR LTITICE > T, vRy 2RO LT 25
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£2 o4 RE
B ETEEEORHED (EFH»D

- N—FZEls ik

o HIHIDIRIL DR
— kYD A4 XPROER

o v b —2 (CFifl) ~OMIG

HEEADEREIE)

e N—Fvx7 (uhRy btr¥, DTS 0%

HHECBIETZ 27 X 7 (BIEIIBHR % > 775)?%’?35 &7 o THR)
- bV oE, WMOHMNIME, vRy NREME, 7

Ry b2 74— F OV OOLEBIRDIER

DT ORETF - HE

FH| DA EL B £R

— T ¥ D%

(Brbrorht RY)

— MR LAN @8I Cahy b EBETERY (5 —20%8)

7L EH
HEEE D TE (m Ry MZE

[EK;2 = B4 v

B OET-FHEOPLDMD (D o ETADEREIH)

o JERBADBEDH N

BEENRIEZ LRV & 28T 2 7715

7 Y X LARERY 774 XEHe BFICRE LWL

o HIRIFE DM ENE CEFTRREEIMEEE T 27:0)

B EE-FHEOR DD
o MiE L HITHHIT WS 7DIEREZED S0,

REFFFWAF IR o7 D IEHICZ 572D LTW3
BF—LTRARY bEHFNLT, ZH2HifTszr
THHEEITORE DD 20, NEEOHEIEHE L .
D & 57 COVID-19 DFZETICBWT, FEn Ky b
DREZFMT 272012, EEFHEZITo72. 7Ry
FERBGITED, EFRERBOEERA Ly 7D b
DLCEEILLBIMT 2T, NEEEHEEL-D
Ay MEREAERE RS, UL, EENREETSNT
27, SETORREFAFOEZRIAT 5 Z LIEK
ZHEELWV., ZHIN LT, BF, EE, FHozrhe
OV TESETORR LRI UEZRFES 5 TR
HTHd. ZThoOHAEDEZITIC, BRELRIE
REMGT L 7.

Cﬂ#%@:lwnnf®ﬁﬁfd EoRy b
DRBFEBIAT O L TIRGTIRERTER W
B, EMFEETRY P EEHHILTT A JHUE (FhiF
BifE) T2REDHECKR > TV EEZILNDS. &
GCEREEZI:MDP LRE ORI ZEMT 272012, K
MO BEREHNEEY S, dLanFIHL T
b, BHNORBIETFRLETEEH L 2L THBINTE
2HEL B0, FEODZaKRy s DRKZDIE
FHECRZeEZLNS.

-
—
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2L, BNEM RO 5 AHE

BRGICBIT B EEs (/— by arvo~eA 70\_/4‘)(733%5)
>, zoom 7% ¥ DiEFHEREREEDFIH)
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