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Multi-modal Sensor System and Database for Human Detection
and Activity Learning of Robot in Outdoor

Taeyoung Uhm*, Jeong-Woo ParkH, Jong-Deuk LeeH, Gi-Deok, Bae”, Young-Ho Choi'’

ABSTRACT

Robots which detect human and recognize action are important factors for human interaction, and
many researches have been conducted. Recently, deep learning technology has developed and learning
based robot’s technology is a major research area. These studies require a database to learn and evaluate
for intelligent human perception. In this paper, we propose a multi—-modal sensor-based image database
condition considering the security task by analyzing the image database to detect the person in the outdoor
environment and to recognize the behavior during the running of the robot.
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Fig. 1. Multi-modal sensor system configuration,

Aol =5
7= 944 4o
Me AodA oA Thdt X Bl
= AEstr] fs) B REAlA
Zpekal o] & o]t tae] AbE
A& g Qe Holguo| =8 75
g ol& sl aHE A Ve

< 97 dleolErlo]

&
x

e

—|—‘—f
_|_,_,|‘_|_,

l‘-lElo>4 §°

E_,

et
al
M g AR

B K
o
o §

X

it
tlo
w2 ot

2
I~Hr

o o o 1 lo

[o

of 7L v At 2%l A Hol M
el 2A g AlztE dElRgAs 2E
3 FOﬂH 2R RES ®ASY Ho

I ARE 2% 283
l oJEH| o] =& Ho]aL 5ol A

2
o A

ﬁd
rﬁi'&ﬂf“

w2 rfr o
(<]
A
r°4'

rr
¥

i B [> rie —E £ 5ot
o
Sl
o,

I
oﬁmmlo
2
oA 3
on‘,
n:E

in}
r
o

RGE & Depth Carmu

- '
[irvte] [n.m:l
Realsense D435

5

USE type-c 3.0

Pok HUB

2. HE[REHIM 2E
2.1 HE[REHM ALY 7Y

282 e Alaw T4 otuhol Fig. 13}

?&E}.

2.2 ZE|ZEHNM 25 27

e RPN BEY £

s el £ ALgol Tbed B 94
sh okt

« A9/ TN AHEol Fhsaorac

E

tlo
e

« 250 F Folx shviete] 58S Has
o2kt

A =3l gHA AAE 13 BEEEANA ZE
o] RIElH o] ~% ofef 9] Fig. 13} 2t EE-2 RGB-

D 7iel}, Yol EnA et 27), 438 7hvletE

Z3g3la POE Qe #H o] 2~9} USB 3.0& AH&314
ZiW gl A 2 vo]HE A gt @, YolE

v Fhgl= 12VDC Ado] 3712 Fasith <Fig. 2

Night Vision
Carnera

nghl 'u'lwn

°% oy

[Runecam)
A Night Eagh 2 Pra A

NTSC
Widio signal

.
I
i
I wtsc
vidio signal
i
i
]
L]
]
L

l- bl TR

USE 3.0 type A

ETHERNET

Fig. 2. Multi—-modal sensor module interface,
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Fig. 6. The mulitimmodal sensor module mounted on ro—
bot platform,
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Fig. 7. An example of mulit—-modal sensor data, Proposed method, (c) Experimental Platform
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Table 1, The behavior definition in normal and abnormal
situations

Algorithm

Normal situation | Abnormal situation

Lying down Sit down and fall
Standing Standing and falling
Walking Walk down
Behaviors Running Run down

Sitting on a

. Lie seizure
chair / floor

Holding a cup /

bag / umbrella
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Table 2, The database configuration
Purpose Conditions
Take - - - :
Situation Learning Time / Weather Place
1 Normal & Abnormal Detection / Recognition Day&Night/Sun Park
2 Abnormal Detection Day/Sun Driveway
3 Normal & Abnormal Detection / Recognition Day/Rain Driveway
4 Normal & Abnormal Detection / Recognition Day/Sun Park

Fig. 9. Take 1: Day and Night time database in the lawn playground.
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Fig. 10. Take 2: Lying database in the driveway.
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