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The humanoid is investigated for the mechanical and physical aspect in the nuclear disaster,
especially for a severe accident, which includes the core melting. There are some mechanical
studies of the leg and hand of the humanoid in which the human mimicking features are de-
scribed. The management of the task is accomplished by the three regional preparations. The
robot is made of the radiation-resistance substance. Therefore, it could work on the normal
task of a human for the removal of the broken debris in a collapsed building. However, there is
alimitation for the use in the reactor core building due to very high temperature of the nuclear
fuel. The regional classification of the site is studied for the practical purposes. The post-acci-
dent analysis is accompanied with multidisciplinary research for the humanoid development

in the nuclear industry.
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INTRODUCTION

The humanoid is investigated for disaster con-
trol in a nuclear accident like the Fukushima case. The
radioactive material at the accident site is one of the
important factors to find out the scale of the damage
produced by the related explosion, heat, pressure,
structure debris, and some more matters. The concen-
tration of the radiation could reflect the degree of the
accident, too. The relationship between the damage
and the radiation concentration is studied by the hu-
manoid involvement where the movement of the robot
can give the information about the space that humans
cannot approach due to the fatal radiation exposure
from the nuclear fuel debris.

Since there are some differences between a robot
and a humanoid, humanoid is used for the substitution
of the human's behavior. There is a reason for using
humanoid, to substitute a real person in a nuclear
power plants (NPP) accident. In the NPP and those re-
lated buildings, the space is equipped suitable for the
human's living, considering the height of the rooms
and the paths. Hence, although there are many kinds of
robot types, the humanoid could be a best machine for
controlling the reactor and its related areas in the case
of a NPP accident.

* Corresponding author; e-mail: thwoo@cuk.edu

Regarding the Fukushima nuclear disaster, the
defense advanced research projects agency (DARPA)
in the USA had organized a competition for a robot and
its software team, in order to develop robots, which
could work as human assistants in responding to any di-
saster like the Fukushima case [1]. There were ten kinds
of obstacles to overcome in the contest in 2015, which
are shown in tab. 1 [2]. In the competition, the most of
the movements were done by leg and hand, where walk-
ing and finger manipulations were important skills. To
master these functions were was a some significant
tasks for the better functions functionalityby of a hu-
manoid applicable for the a disaster. This is compared in
the paper, because the contest was on the manipulation

Table 1. List of the ten kinds of obstacles in DARPA

Obstacle Content
1 Drive a vehicle
2 Get out of the vehicle
3 Open a door and travel through the opening
4 Move debris or climb over it
5 Use a tool to cut a hole in a wall
6 Reach through an opening and open valve
7 Cross over a field of loose debris and pipes
8 Insert a cylindrical plug into a receptacle
9 Climb stairs with a rail on one side
10 Surprise manipulation task
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of a humanoid in a nuclear disaster, which was a spe-
cific industrial accident.

In the previous human-like robot study, Zannatha
et al. [3] studied a stroke rehabilitation system for the up-
per limbs which was developed as an interactive virtual
environment based on a commercial 3-D vision system
(a MicrosoftKinect), a humanoid robot (an Aldebaran's
Nao), and devices producing ergonometric signals.
Kanehiro et al. [4] worked for the reaching motion, plan-
ning and execution framework, tailored by human-oper-
ated humanoid robots, in some places like a NPP. In addi-
tion, Ricardez ef al. [5] investigated a reactive strategy
for human safety, which is called Asymmetric Velocity
Moderation. Cho and Woo [6] studied the flying robot,
the drone, in the nuclear disaster, for the cases of safety
and security. Furthermore, the snake-like robot was ap-
plied for the Fukushima bay area cleaning [7]. Kong et
al. [8] worked on the effluent monitoring of the environ-
ment, for radiation hazards. Cho and Woo [9] also
worked on the nano-scale robot for the nuclear industry.
The radioactive material concentrations and positions of
the humanoid robot were investigated, in order to study
behaviors in the disaster areas.

METHOD
The mechanics of movement

Following the necessity of the human-substitu-
tion robot in a nuclear disaster, the humanoid is to be
developed in harsh conditions, where the extremely
radioactive contaminated areas are presented, in
nearly all the places at the plant site, with locally high
temperature and pressure. Therefore, the robot should
endure high temperature and pressure including very
serious radiation exposure. Basically, the functions of
humanoid need to include the movements such as the
DARPA contest's tasks, with several detection systems
for radiation, temperature, and pressure. However, ina
real workplace, the force and moving abilities of the
robot need to be much greater than those of a real hu-
man. First of all, the force of the hand as grapping, lift-
ing, pulling, and pushing, and the force of the leg as
walking, running, and kicking, should be sufficient to
control the removal or arrangement of the broken
building structures. Although, the robot could use any
other heavy machinery, it is necessary to make them
stronger. Figure 1 shows the normal feature of the
NPP. In the accident like the Fukushima case, the
buildings would be collapsed following the hydrogen
explosion. Therefore, it is important for the humanoid
to remove the debris in the highly radiation contami-
nated areas.

In order to study the moving mechanics of the ro-
bot, one should know the basic mechanics of a moving
object. Figure 2 shows the six degrees of freedom for
the robot movements [ 10]. The important things of the
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Figure 1. Simplified configuration of a NPP

Up

Back

Pitch
Forward

Right

Down

Figure 2. Six degrees of the freedom for the robot
movement [10]

robot movements are the hand movement and
walk-running behaviors. These are the basic features
in the DARPA contest. Table 2 explains the relation-
ship between the contest and the hand-leg mechanics.

The mechanics of legs

There is the mechanics for walking in the hu-
manoid. This mimics the walking of a human, which is
shown in fig. 3. The 3-D divergent component of mo-
tion is described as follows [11]

s=x+cx ()

: T
where the transpose matrix forms as s = [sy, sx, 5x]

X=1[x,y 2" and X =[x, »,2]". Then
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Table 2. Classification of the hand-leg mechanics in
DARPA contest

Obstacle Used mechanics portion Region
1 Hand 1
2 Leg 1
3 Hand and leg 2
4 Hand and leg 2.3
5 Hand 2
6 Leg 2
7 Leg 2.3
8 Hand 2
9 Leg 2.3
10 Leg 2

Figure 3. Simplified mechanics for walking of the
humanoid

x= 1 (x+s) )
c
where ¢ > 0. Also, the external force is as follows
F-"(x-1) 3)
c

where m is mass and ¢ is torque.

The mechanics of hands

Figure 4 shows the simplified finger mechanics
of the humanoid's hand. Abdallah et al. [12] studied
the mechanics of the hand of humanoids. Let us think
the configurations as &, ¢, d, and fare the column matri-
ces of joint angles, actuated joint torques, column ma-
trices of tendon positions, and tensions, respectively
[12]. So,

{=Rf @)

dZ‘ “_-..'. L 5

a4
.
a4 Saians® o
d, K,

Figure 4. Simplified finger mechanics of the humanoid’s
hand

where R has the elements of the signed pulley radii in
the tendon routing path [13]. In addition, by the princi-
ple of virtual work for the inextensible tendons [14],

d=R"k (5)

The calculation of radiation
source position

This chapter explains the needs of the task of the
humanoid where the NPP damage is related to the radia-
tion leaks, because the exploded reactor is in contami-
nated, radioactive environmental. The radiation source
is in the reactor core where the continuous radioactive
material leaks and eventually is spread into the environ-
ment atmosphere, in the case of the core melting acci-
dent. Therefore, it is important to detect the damage de-
gree in the core including its related facilities. The
radiation quantity could be a clue for the damages of the
core and nuclear fuel. The exact position and quantity of
damaged reactor core are mathematically obtained by
the following calculation. The leak radiation quantity is
much more important compared to the leak position, be-
cause the position should be at the core surface. In fig. 5,
there are three positions of the robotics where each po-
sition is shown as Position 1 (X}, ¥}, Z,), Position 2 (X,
Y,, Z,), and Position 3 (Xj, Y3, Z3). Therefore, the posi-
tion is the meeting point of the estimated source posi-
tion circles, shown in fig. 6. In addition, the distance of
the source is calculated from the direct line as it is in fig.
7. The distance between the position 3 and source is ob-
tained by the exponential decay law [15]

N@x)=N_e ™ (6)

So, x, N(x), and A are known and N, is calculated

by
N, =N(x)e™ (7)
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Figure 6. Finding the radiation position

Therefore, the radiation source position and
quantity are obtained. However, the humanoid is away
from the reactor core and the positions of the detector
are very close outside of the core. In this case, the other
robots could be used with multiple humanoids or
drone, the flying robot, which is seen in fig. 8. For the
three positions of robots, the source is not at zero point.
Therefore, the source is located in the 3-D space. Us-
ing the decay equations, the radiation concentrations
are shown as

N, =N, (x)e 7%l (8)
N, =N, (x)e ol 9)
Ny =N, (x)e ol (10)
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Figure 7. Finding the radiation position distance
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Figure 8. Combinations of humanoids and drones

Then,
Ny =N, @)e™
N =N (x)ei‘xz_x"‘
o *V2
N, =N, (x)el‘x3 |
Therefore,

N2 (x)ei‘xz—xu‘ :Nl (x)e/l‘xl—xu‘

N3 (x)ei‘)q—xu‘ :Nl (x)e/l‘xl—xu‘

e/l‘xz—xu‘ _ Nl (x) e/l‘xl—xu‘
N (x)

Taking the log of eq. (16),

‘xz —xo‘ . In Ny ()
A Ny(x)

+ [y —x,|

an
(12)
(13)

(14)
(15)
(16)

(17)
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then, source quantity N, is obtained as follows,
Ny =Ny @)e ™

By the same way,

_lln Nl (x)

= - 18
wl=gin e )

\x3 -

N, =Ny (x)e™s

where x, is obtained using the center of mass,

o~ 3
Similarly , the y, and z, are obtained. In the cal-
culations, the wind speed and direction are not consid-
ered, because this space is in the small place as the only
plant site. Although the space opens to the environ-
ment, the simple equation is used such as for the labo-

ratory system. For example, if the '*’Cs is considered,
with half-life of 30.17 years. So,

},—y— In2
T/, 3017years

(19)

X

(20)

The management of the
cleaning up

It is also needed to find the task object in differ-
ently contaminated areas, which is shown in fig. 9.
That is, the external region, which is called Region 1,
needs to be cleaned up by picking up the debris and
vacuuming on the ground, because there is not much
waste material. In the Region 2, it is necessary to use a
machine like the crane to lift up some heavy stuff.
Lastly, in the highly radioactive contaminated area, the
humanoid should avoid the heat produced by the nu-
clear fuel. Several thousand degrees of temperature
could melt the humanoid. In such cases, there is a need
to use a machine operated with a remote control. There
are regional classifications of the hand-leg mechanics
in DARPA contest incorporated with the used mechan-
ics portion in tab. 2.

RESULTS

The humanoid is investigated for mechanical
and physical aspects in a nuclear disaster, especially
for a severe accident accompanied with the core melt-
ing. There are mechanical studies of the leg and hand
of'the humanoid, in which the human mimicking is de-
scribed. The management of the task is accomplished
by the three regional preparations. Although the robot
is made of radiation-resistant substance, it is a kind of
machine that could be melted by a very high tempera-
ture. Figure 10 shows the humanoid action in Region
1, 2, and 3, where walking and standing are important

Power lines
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Reactor building
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L

Region 2

e e e e e

Facilities

Figure 9. Classification of the three regions in the site

LN

Figure 10. The humanoids for Region 1, 2, and 3

behaviors together with the flying robot-drone. Espe-
cially, the Region 3 has highly contaminated exposure
arca. Hence, the humanoid needs the automatic ma-
chine like the crane. Therefore, the robot would be ina
standing position. For the radiation calculations, fig.
11(a) shows the distribution of NV,. In fig. 11(b), the N,
is shown. It is assumed that the dose is normalized
from 0.0 to 1.0. There are the radioactive material dis-
tributions as shown in figs. 11(c) X, 11(d) ¥, and
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11(e) Z, The three positions of the robots in each place
are obtained by the three kinds of random numbers. In
the 27" minute, (X, ¥,, Z,) is (0.3401, 0.5709, 05454)
where the position is made by the arbitrary axis in this
study. In the same way, the other positions can be cal-

culated.

CONCLUSIONS

The humanoid is studied for the severe NPP ac-
cident situations where a human cannot control of the
cleaning up. It should be able to accomplish normal
tasks of a human for the removal of the debris in the
collapsed building. There are some important points of
this study as follows,

e The humanoid robot is investigated for its role in
the nuclear accident.

e The effective and radiation-resistance resistant
task could be accomplished.

e Biology incorporated multidisciplinary technol-
ogy is applied.

e Post-nuclear accident is controlled by the robot.

This study shows the multidisciplinary strategy
for the human-like robotics where the biomechanics,
radiological technology, power plant, and post-acci-
dent analysis are combined in fig. 12. Until now, the
nuclear accident analysis has been focused mostly on
the before-accident analysis. The post-accident analy-
sis could be done very effectively using the robotics
technology, because it can work like a human in nor-
mal work places. The highly radioactive exposure in
the severe accidents, like the Fukushima and
Chernobyl cases, cannot give the humans a chance to
work in the radiation contaminated areas. Therefore,
the human workers should be substituted with the ro-
bots where the humanoid will work as much as a hu-
man in normal conditions, at work places.

The combinational work with drone is one of the
best methods at the accident place. The applications of
the robotics should be done by several kinds of robot-
ics, including the flying and walking robotics. Hence,
the adaptability to the accident place would be en-
hanced significantly. It is also needed to study the rela-
tionship between the electrical function and radiation
damage. The high dose of radiation could effect the
electrical assembly of the robot, even though the dam-
age would not be high.

The other kinds of the robots could also be imag-
ined — like the swimming robot. This could be used in
the core where the coolants are fully or partially filled
in the broken structures. Such a robot could send the
information of the primary loop including the temper-
ature and pressure. The information would be ana-
lyzed for estimation of the damage of the reactor and
the external radiation rate. The animal mimicked ro-
bots could give good remedies in the severe accident
of NPP. In the future, the general strategy for the
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Figure 12. Multidisciplinary research for the humanoid
development in the nuclear industry

post-accident could be accomplished by combinations
of many kinds of robots with reference to this paper,
where the humanoid and drone are suggested to be
used in NPP accident.
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Kjynr bae HAHT, Tae Xo BY

AHAIM3A XYMAHOUJIHOI POBOTA CA YTPALEHOM BUOMEXAHHMKOM 3A
YIIPAB/BAIBE Y CIYYAJY HYKIEAPHE KATACTPO®E

Mexannyka u (pu3MUKa CBOjCTBA XyMaHOMJHOT poOOTa MCTpaskeHa Cy y Clydajy HyKyeapHe
Katactpode, HApOUNUTO y TEIIKOM aKIUICHTY KOjU YKIbyuyje Tolbeme jesrpa. [locroje cryguje o ucnu-
THBay MEXaHMUKIX KapaKTEPUCTUKA HOTE U IIIaKe XyMaHOu/a Y KOjiMa Cy OIICcaHe OCOOMHE OMOHAIIAkA
YoBeKa. Y IPaBJbake 3aIaTKOM je U3BPIICHO KPO3 HIPUIPEMy TP pernoHanHe obnactu. Po6oT je n3paben
OJI MaTepHjajia OTIOPHOT Ha 3padere, Te 6 MOrao OUTH KOpHITheH yMecTo yoOn4ajeHor pajia YoBeKa pn
yKIIamkaly OocTaTaka ypylleHe 3rpajie. MebyTum, nocToju orpanndese y ynotpebu y 3rpaju ca je3rpoM
peaxkTopa 300r BeoMa BUCOKe TeMmIlepaType HyKiieapHor ropuBa. Kiacugukanuja obnactu okanyje je
NpoyYaBaHa U3 IPAKTHYHHUX PA3/I0Ta, a aHaIN3a HaKOH aKIIeHTa IponpaheHa je My I THANCIUINITHAPHAM
UCTpaXXMBambeM pajyl pa3Boja XyMaHOWAa Y HyKJIeapHOj HHAYCTPHjH.

Kmwyune peuu: poboiti, xymanouo, Kaacuipoga HyKaeapHe eaeKiipane, CuzZypHocCii



