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The hu man oid is in ves ti gated for the me chan i cal and phys i cal as pect in the nu clear di sas ter,
es pe cially for a se vere ac ci dent, which in cludes the core melt ing. There are some me chan i cal
stud ies of the leg and hand of the hu man oid in which the hu man mim ick ing fea tures are de -
scribed. The man age ment of the task is ac com plished by the three re gional prep a ra tions. The
ro bot is made of the ra di a tion-re sis tance sub stance. There fore, it could work on the nor mal
task of a hu man for the re moval of the bro ken de bris in a col lapsed build ing. How ever, there is 
a lim i ta tion for the use in the re ac tor core build ing due to very high tem per a ture of the nu clear 
fuel. The re gional clas si fi ca tion of the site is stud ied for the prac ti cal pur poses. The post-ac ci -
dent anal y sis is ac com pa nied with multidisciplinary re search for the hu man oid de vel op ment
in the nu clear in dus try.
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IN TRO DUC TION

The hu man oid is in ves ti gated for di sas ter con -
trol in a nu clear ac ci dent like the Fukushima case. The
ra dio ac tive ma te rial at the ac ci dent site is one of the
im por tant fac tors to find out the scale of the dam age
pro duced by the re lated ex plo sion, heat, pres sure,
struc ture de bris, and some more mat ters. The con cen -
tra tion of the ra di a tion could re flect the de gree of the
ac ci dent, too. The re la tion ship be tween the dam age
and the ra di a tion con cen tra tion is stud ied by the hu -
man oid in volve ment where the move ment of the ro bot
can give the in for ma tion about the space that hu mans
can not ap proach due to the fa tal ra di a tion ex po sure
from the nu clear fuel de bris.

Since there are some dif fer ences be tween a ro bot 
and a hu man oid, hu man oid is used for the sub sti tu tion
of the hu man's be hav ior. There is a rea son for us ing
hu man oid, to sub sti tute a real per son in a nu clear
power plants (NPP) ac ci dent. In the  NPP and those re -
lated build ings, the space is equipped suit able for the
hu man's liv ing, con sid er ing the height of the rooms
and the paths. Hence, al though there are many kinds of 
ro bot types, the hu man oid could be a best ma chine for
con trol ling the re ac tor and its re lated ar eas in the case
of a NPP ac ci dent.

Re gard ing the Fukushima nu clear di sas ter, the
de fense ad vanced re search pro jects agency (DARPA)
in the USA had or ga nized a com pe ti tion for a ro bot and
its soft ware team, in or der to de velop ro bots, which
could work as hu man as sis tants in re spond ing to any di -
sas ter like the Fukushima case [1]. There were ten kinds 
of ob sta cles to over come in the con test in 2015, which
are shown in tab. 1 [2]. In the com pe ti tion, the most of
the move ments were done by leg and hand, where walk -
ing and fin ger ma nip u la tions were im por tant skills. To
mas ter these func tions were was a some sig nif i cant
tasks for the better func tions functionalityby of a hu -
man oid ap pli ca ble for the a di sas ter. This is com pared in 
the pa per, be cause the con test was on the ma nip u la tion
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Ta ble 1. List of the ten kinds of ob sta cles 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



of a hu man oid in a nu clear di sas ter, which was a  spe -
cific in dus trial ac ci dent.

In the pre vi ous hu man-like ro bot study, Zannatha
et al. [3] stud ied a stroke re ha bil i ta tion sys tem for the up -
per limbs which was de vel oped as an in ter ac tive vir tual
en vi ron ment based on a com mer cial 3-D vi sion sys tem
(a MicrosoftKinect), a hu man oid ro bot (an Aldebaran's
Nao), and de vices pro duc ing ergonometric sig nals.
Kanehiro et al. [4] worked for the reach ing mo tion, plan -
ning and ex e cu tion frame work, tai lored by hu man-op er -
ated hu man oid ro bots, in some places like a NPP. In ad di -
tion, Ricardez et al. [5] in ves ti gated a re ac tive strat egy
for hu man safety, which is called Asym met ric Ve loc ity
Mod er a tion. Cho and Woo [6] stud ied the fly ing ro bot,
the drone, in the nu clear di sas ter, for the cases of safety
and se cu rity. Fur ther more, the snake-like ro bot was ap -
plied for the Fukushima bay area clean ing [7]. Kong et
al. [8] worked on the ef flu ent mon i tor ing of the en vi ron -
ment, for ra di a tion haz ards. Cho and Woo [9] also
worked on the nano-scale ro bot for the nu clear in dus try.
The ra dio ac tive ma te rial con cen tra tions and po si tions of
the hu man oid ro bot were in ves ti gated, in or der to study
be hav iors in the di sas ter ar eas.

METHOD

The me chan ics of move ment

Fol low ing the ne ces sity of the hu man-sub sti tu -
tion ro bot in a nu clear di sas ter, the hu man oid is to be
de vel oped in harsh con di tions, where the ex tremely
ra dio ac tive con tam i nated ar eas are pre sented, in
nearly all the places at the plant site, with lo cally high
tem per a ture and pres sure. There fore, the ro bot should
en dure high tem per a ture and pres sure in clud ing very
se ri ous ra di a tion ex po sure. Ba si cally, the func tions of
hu man oid need to in clude the move ments such as the
DARPA con test's tasks, with sev eral de tec tion sys tems 
for ra di a tion, tem per a ture, and pres sure. How ever, in a 
real work place, the force and mov ing abil i ties of the
ro bot need to be much greater than those of a real hu -
man. First of all, the force of the hand as grapping, lift -
ing, pull ing, and push ing, and the force of the leg as
walk ing, run ning, and kick ing, should be suf fi cient to
con trol the re moval or ar range ment of the bro ken
build ing struc tures. Al though, the ro bot could use any
other heavy ma chin ery, it is nec es sary to make them
stron ger. Fig ure 1 shows the nor mal fea ture of the
NPP. In the ac ci dent like the Fukushima case, the
build ings would be col lapsed fol low ing the hy dro gen
ex plo sion. There fore, it is im por tant for the hu man oid
to re move the de bris in the highly ra di a tion con tam i -
nated ar eas.

In or der to study the mov ing me chan ics of the ro -
bot, one should know the ba sic me chan ics of a mov ing
ob ject. Fig ure 2 shows the six de grees of free dom for
the ro bot move ments [10]. The im por tant things of the

ro bot move ments are the hand move ment and
walk-run ning be hav iors. These are the ba sic fea tures
in the DARPA con test. Ta ble 2 ex plains the re la tion -
ship be tween the con test and the hand-leg me chan ics.

The me chan ics of legs

There is the me chan ics for walk ing in the hu -
man oid. This mim ics the walk ing of a hu man, which is
shown in fig. 3. The 3-D di ver gent com po nent of mo -
tion is de scribed as fol lows [11] 

s x cx= + & (1)

where the trans pose ma trix forms as s  = [sx, sx, sx]
T, 

X = [x, y, z]T, and & [&, & , & ]X x y z T= . Then
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Fig ure 1. Sim pli fied con fig u ra tion of a NPP

Figure 2. Six de grees of the free dom for the ro bot 
move ment [10]



& ( )x
c

x s= - +
1

(2)

where c > 0. Also, the ex ter nal force is as fol lows

F
m

c
x t- -

2
( ) (3)

where m is mass and t is torque.

The me chan ics of hands

Fig ure 4 shows the sim pli fied fin ger me chan ics
of the hu man oid's hand. Abdallah et al. [12] stud ied
the me chan ics of the hand of hu man oids. Let us think
the con fig u ra tions as k, t, d, and f are the col umn ma tri -
ces of joint an gles, ac tu ated joint torques, col umn ma -
tri ces of ten don po si tions, and ten sions, re spec tively
[12]. So,

t = Rf (4)

where R has the el e ments of the signed pul ley ra dii in
the ten don rout ing path [13]. In ad di tion, by the prin ci -
ple of vir tual work for the inextensible ten dons [14],

& &d R kT= (5)

The cal cu la tion of ra di a tion
source po si tion

This chap ter ex plains the needs of the task of the
hu man oid where the NPP dam age is re lated to the ra di a -
tion leaks, be cause the ex ploded re ac tor is in con tam i -
nated, ra dio ac tive en vi ron men tal. The ra di a tion source
is in the re ac tor core where the con tin u ous ra dio ac tive
ma te rial leaks and even tu ally is spread into the en vi ron -
ment at mo sphere, in the case of the core melt ing ac ci -
dent. There fore, it is im por tant to de tect the dam age de -
gree in the core in clud ing its re lated fa cil i ties. The
ra di a tion quan tity could be a clue for the dam ages of the
core and nu clear fuel. The ex act po si tion and quan tity of 
dam aged re ac tor core are math e mat i cally ob tained by
the fol low ing cal cu la tion. The leak ra di a tion quan tity is
much more im por tant com pared to the leak po si tion, be -
cause the po si tion should be at the core sur face. In fig. 5, 
there are three po si tions of the ro bot ics where each po -
si tion is shown as Po si tion 1 (X1, Y1, Z1), Po si tion 2 (X2,
Y2, Z2), and Po si tion 3 (X3, Y3, Z3). There fore, the po si -
tion is the meet ing point of the es ti mated source po si -
tion cir cles, shown in fig. 6. In ad di tion, the dis tance of
the source is cal cu lated from the di rect line as it is in fig.
7. The dis tance be tween the po si tion 3 and source is ob -
tained by the ex po nen tial de cay law [15]

N x N x( ) = -
oe l (6)

So, x, N(x), and l are known and  No is cal cu lated
by

N N x x
o e= ( ) l (7)
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Ta ble 2. Clas si fi ca tion of the hand-leg me chan ics in
DARPA con test

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. Sim pli fied me chan ics for walk ing of the
hu man oid

Figure 4. Sim pli fied fin ger me chan ics of the hu man oid’s
hand



There fore, the ra di a tion source po si tion and
quan tity are ob tained. How ever, the hu man oid is away 
from the re ac tor core and the po si tions of the de tec tor
are very close out side of the core. In this case, the other 
ro bots could be used with mul ti ple hu man oids or
drone, the fly ing ro bot, which is seen in fig. 8. For the
three po si tions of ro bots, the source is not at zero point. 
There fore, the source is lo cated in the 3-D space. Us -
ing the de cay equa tions, the ra di a tion con cen tra tions
are shown as

N N x
x x

1
1=

- -
o e o( )

l
(8)

N N x
x x

2
2=

- -
o e o( )

l
(9)

N N x
x x

3
3=

- -
o e o( )

l
(10)

Then,
N N x

x x
o 1 e o=

-
( )

l 1 (11)

N N x
x x

o 2 e o=
-

( )
l 2 (12)

N N x
x x

o 3 e o=
-

( )
l 3 (13)

There fore,

N x N x
x x x xo o

2 1
2 1( ) ( )e e

l l- -
= (14)

N x N x
x x x xo o

3 1
3 1( ) ( )e e

l l- -
= (15)

e e
l lx x x xo o

N x

N x
2 11

2

- -
=

( )

( )
(16)

Tak ing the log  of eq. (16),

x x
N x

N x
x x2

1

2
1

1
- = + -o o

l
ln

( )

( )
(17)
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Figure 5. Con fig u ra tion for the ra di a tion de tec tion

Figure 6. Find ing the ra di a tion po si tion

Figure 7. Find ing the ra di a tion po si tion dis tance

Figure 8. Com bi na tions of hu man oids and drones



then, source quan tity No is ob tained as fol lows,

N N x
x x

o 2 e o=
-

( )
l 2  

By the same way,

x x
N x

N x
x x3

1

3
1

1
- = + -o o

l
ln
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( )
(18)

N N x
x x

o 3 e o=
-

( )
l 3

where xo is ob tained us ing the cen ter of mass,

x
x x x

o =
+ +1 2 3

3
(19)

Sim i larly , the yo and zo are ob tained. In the cal -
cu la tions, the wind speed and di rec tion are not con sid -
ered, be cause this space is in the small place as the only 
plant site. Al though the space opens to the en vi ron -
ment, the sim ple equa tion is used such as for the lab o -
ra tory sys tem. For ex am ple, if the 137Cs  is con sid ered,
with half-life of 30.17 years. So,

l = =
ln ln

./

2 2

30171 2T years
(20)

The man age ment of the
clean ing up

It is also needed to find the task ob ject in dif fer -
ently con tam i nated ar eas, which is shown in fig. 9.
That is, the ex ter nal re gion, which is called Re gion 1,
needs to be cleaned up  by pick ing up the de bris and
vac u um ing on the ground, be cause there is not much
waste ma te rial. In the Re gion 2, it is nec es sary to use a
ma chine like the crane to lift up some heavy stuff.
Lastly, in the highly ra dio ac tive con tam i nated area, the 
hu man oid should avoid the heat pro duced by the nu -
clear fuel. Sev eral thou sand de grees of tem per a ture
could melt the hu man oid. In such cases, there is a need
to use a ma chine op er ated with a re mote con trol. There 
are re gional clas si fi ca tions of the hand-leg me chan ics
in DARPA con test in cor po rated with the used me chan -
ics por tion in tab. 2.

RE SULTS

The hu man oid is in ves ti gated for me chan i cal
and phys i cal as pects in a nu clear di sas ter, es pe cially
for a se vere ac ci dent ac com pa nied with the core melt -
ing. There are me chan i cal stud ies of the leg and hand
of the hu man oid, in which the hu man mim ick ing is de -
scribed. The man age ment of the task is ac com plished
by the three re gional prep a ra tions. Al though the ro bot
is made of ra di a tion-re sis tant sub stance, it is a kind of
ma chine that could be melted by a very high tem per a -
ture. Fig ure 10 shows the hu man oid ac tion in Re gion
1, 2, and 3, where walk ing and stand ing are im por tant

be hav iors to gether with the fly ing ro bot-drone. Es pe -
cially, the Re gion 3 has highly con tam i nated ex po sure
area. Hence, the hu man oid needs the au to matic ma -
chine like the crane. There fore, the ro bot would be in a
stand ing po si tion. For the ra di a tion cal cu la tions, fig.
11(a) shows the dis tri bu tion of N1. In fig. 11(b), the No

is shown. It is as sumed that the dose is nor mal ized
from 0.0 to 1.0. There are the ra dio ac tive ma te rial dis -
tri bu tions as shown in figs. 11(c) Xo, 11(d) Yo, and
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Figure 9. Clas si fi ca tion of the three re gions in the site

Figure 10. The hu man oids for Re gion 1, 2, and 3



11(e) Zo. The three po si tions of the ro bots in each place
are ob tained by the three kinds of ran dom num bers. In
the 27th min ute, (Xo, Yo, Zo) is (0.3401, 0.5709, 05454)
where the po si tion is made by the ar bi trary axis in this
study. In the same way, the other po si tions can be cal -
cu lated.

CON CLU SIONS 

The hu man oid is stud ied for the se vere NPP ac -
ci dent sit u a tions where a hu man can not con trol of the
clean ing up. It should be able to ac com plish nor mal
tasks of a hu man for the re moval of the de bris in the
col lapsed build ing. There are some im por tant points of 
this study as fol lows,

· The hu man oid ro bot is in ves ti gated for its role in
the nu clear ac ci dent.

· The ef fec tive and ra di a tion-re sis tance re sis tant
task could be ac com plished.

· Bi ol ogy in cor po rated multidisciplinary tech nol -
ogy is ap plied.

· Post-nu clear ac ci dent is con trolled by the ro bot.
This study shows the multidisciplinary strat egy

for the hu man-like ro bot ics where the biomechanics,
ra dio log i cal tech nol ogy, power plant, and post-ac ci -
dent anal y sis are com bined in fig. 12. Un til now, the
nu clear ac ci dent anal y sis has been fo cused mostly on
the be fore-ac ci dent anal y sis. The post-ac ci dent anal y -
sis could be done very ef fec tively us ing the ro bot ics
tech nol ogy, be cause it can work like a hu man in nor -
mal work places. The highly ra dio ac tive ex po sure in
the se vere ac ci dents, like the Fukushima and
Chernobyl cases, can not give the hu mans a chance to
work in the ra di a tion con tam i nated ar eas. There fore,
the hu man work ers should be sub sti tuted with the ro -
bots where the hu man oid will work as much as a hu -
man in nor mal con di tions, at work places.

The com bi na tional work with drone is one of the
best meth ods at the ac ci dent place. The ap pli ca tions of
the ro bot ics should be done by sev eral kinds of ro bot -
ics, in clud ing the fly ing and walk ing ro bot ics. Hence,
the adapt abil ity to the ac ci dent place would be en -
hanced sig nif i cantly. It is also needed to study the re la -
tion ship be tween the elec tri cal func tion and ra di a tion
dam age. The high dose of ra di a tion could ef fect the
elec tri cal as sem bly of the ro bot, even though the dam -
age would not be high.

The other kinds of the ro bots could also be imag -
ined – like the swim ming ro bot. This could be used in
the core where the cool ants are fully or par tially filled
in the bro ken struc tures. Such a ro bot could send the
in for ma tion of the pri mary loop in clud ing the tem per -
a ture and pres sure. The in for ma tion would be an a -
lyzed for es ti ma tion of the dam age of the re ac tor and
the ex ter nal ra di a tion rate. The an i mal mim icked ro -
bots could give good rem e dies in the se vere ac ci dent
of NPP. In the fu ture, the gen eral strat egy for the
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Figure 11. The dis tri bu tion of (a) N1, (b) No, (c) Xo, (d) Yo,
and (e) Zo



post-ac ci dent could be ac com plished by com bi na tions 
of many kinds of ro bots with ref er ence to this pa per,
where the hu man oid and drone are sug gested to be
used in NPP ac ci dent.
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Figure 12. Multidisciplinary re search for the hu man oid
de vel op ment in the nu clear in dus try



K. B. Jang, et al.: Anal y sis of Hu man oid Ro bot ics for Nu clear Di sas ter ....
298 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2019, Vol. 34, No. 3, pp. 291-298

Kjung Bae \ANG, Tae Ho VU

ANALIZA  HUMANOIDNOG  ROBOTA  SA  UGRA\ENOM  BIOMEHANIKOM  ZA 
UPRAVQAWE  U  SLU^AJU  NUKLEARNE  KATASTROFE

Mehani~ka i fizi~ka svojstva humanoidnog robota istra`ena su u slu~aju nuklearne
katastrofe, naro~ito u te{kom akcidentu koji ukqu~uje topqewe jezgra. Postoje studije o ispi-
tivawu mehani~kih karakteristika noge i {ake humanoida u kojima su opisane osobine opona{awa
~oveka. Upravqawe zadatkom je izvr{eno kroz pripremu tri regionalne oblasti. Ro bot je izra|en
od materijala otpornog na zra~ewe, te bi mogao biti kori{}en umesto uobi~ajenog rada ~oveka pri
uklawawu ostataka uru{ene zgrade. Me|utim, postoji ograni~ewe u upotrebi u zgradi sa jezgrom
reaktora zbog veoma visoke tem per a ture nuklearnog goriva. Klasifikacija oblasti lokacije je
prou~avana iz prakti~nih razloga, a analiza nakon akcidenta propra}ena je multidisciplinarnim 
istra`ivawem radi razvoja humanoida u nuklearnoj industriji.

Kqu~ne re~i: ro bot, hu man oid, katastrofa nuklearne elektrane, sigurnost


