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ABSTRACT 

One conceivable solution to the current shortage of construction workers is to introduce 

autonomous walking robots onto construction sites. The author has investigated the 

best of the current generation of walking robots and concludes that the most important 

technological requirements for the development of such robots are computer hardware 

that imitates the human brain and deep learning of the type that enables human 

development. Four steps of robot technology are defined according to function and a 

likely timeline for the realization of each step is estimated by comparison with the 

development of human capabilities from fetus to adult. 

1. INTRODUCTION 

A shortage of indigenous workers on Japanese construction sites has long been 

predicted. Whereas in other countries such shortfalls have been met by bringing in 

foreign workers, this is not possible in Japan because immigration controls currently 

prohibit the entry of such laborers. It is assumed that this immigration regime will 

continue into the future, so the use of robots on construction sites is seen as a means to 

solve the labor shortage (which is predicted to amount to 470,000 people by 2040). 

Unlike factories, construction sites present a situation where the work area changes 

daily, construction materials stored on the ground present obstacles to be dodged, rebars 

and similar materials need to be positioned and prepared by cutting, stairs have to be 

climbed, etc. Industrial robots that have been designed to operate in factories are 

unable to deal with such conditions. For construction sites, an autonomous walking 

robot is essential. 

Reading about robot technology in the media, including articles about the technological 

‘singularity’ that is a recent mass media buzzword, one might imagine that autonomous 

walking robots are just over the horizon. Meanwhile, even though information and 

communications technology (ICT) is advancing greatly on a day-to-day basis, it is still 

the case in construction that an engineer prints out drawings, which are the final result 

of ICT in everyday work, and then gives oral instructions to those who actually do the 

work. That is, manual labor is still done by humans. Why this last area of human 

manual labor remains and whether robots could automate it remain open questions. 

Based on this background, the author (as chairman of the JSCE’s Research 



 
 

Sub-committee of Autonomous Walking Robot to Replace Construction Workers) 

investigated the most advanced autonomous walking robots in the world today: Asimo 

(Honda Institute of Technology) in Japan, RHP-2 Reform (AIST) in Japan and ATLAS 

(Boston Dynamics, Inc.) in the United States. The author’s findings are that the 

development of autonomous robots depends on both hardware and software1). This 

document examines these two areas of development and considers when each function 

might be realized. 

2. HARDWARE CAPABILITY 

According to Moore's famous law, the density of components on computer chips doubles 

every two years. Although a limit to Moore’s law has been predicted with each new 

generation of technology, so far continues to apply. If technology continues to advance at 

this rate, there are those who say that computers will surpass the capability of the 

human brain by 2025 and surpass the capability of all human brains combined by 2045. 

Supercomputer simulations of the brain’s cortex2) are illustrated at N=1 line in Fig. 1, 

including the newest data from ‘K Computer’ and ‘Sunway ihuLight’3). As the figure 

shows, computers have yet to reach the performance of a human, but they have reached 

4.5% of human processing capability in 1/83 real-time. In the case of ‘K Computer’, it 

has almost the same processing ability as a human, but consumes 12.6MW of electric 

power (equivalent to the consumption of 30,000 houses) 4) and occupies a volume of 

1.29x107L (volume of computer building = 4,300m2 x 3m = 12,900m3 = 1.29x107L) 5). 

On the other hand, the target power consumption of an autonomous walking robot is 

1kW, equivalent to that of a human brain, and the desired volume is 2L. This means 

that consumption must be reduced to 1/13,000 and volume to 1/6,500,000. With current 

K computer 
Sunway ihuLight 

Notes: With addition of the latest data (K computer and Sunway ihuLight) 
Fig. 1 Cortex simulations by supercomputer2) 



 
 

Fig. 2 Road map for replacement of human construction worker by autonomous walking 
b t

power consumption, if the volume could be reduced to 2L, the heat generated would 

melt the robot’s brain. 

In an attempt to overcome the issue of performance and heat generation by reverse 

engineering, DARPA is pursuing its SyNAPSE Program6). The human brain operates at 

20Hz. On the other hand, the computer being used by the author operates at 1GHz. By 

getting a computer to operate at the same 20Hz as the human brain, the heat 

generation issue could be solved. Hence this effort entails structuring a computer 

similarly to the neural structure of the human brain. To realize such a simulation of the 

neural structure, deep learning software will be needed to support the hardware. A road 

map toward an autonomous walking robot able to replace a construction worker based 

on this approach is shown in Fig. 2. The neurons of rat and cat is planed to increase 

from 1,000,000 in 2013 to 100,000,000 in 2017. If this pace of development continues up 

to 2x1010 neurons, which is the human neuron count, performance and heat generation 

equivalent to the human brain will be realized in 2022 at the hardware level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

3. SOFTWARE CAPABILITY 

In the field of artificial intelligence (AI), weak AI and strong AI are specific branches. 

Most AI researchers are fans of board games such as the Japanese game Go (igo) and 

their efforts are directed at improving AI capabilities in this area7). This is a form of 

weak AI and is something that computers are very good at. On the other hand, strong AI 

applies to everyday human activity in the form of manual work. For example, it might 

involve selecting a tool, conveying the tool from workshop to site, using the tool to cast 

concrete and adjusting the work process to suit site conditions. 

In the 2 billion years since life began on earth, the brain has not developed to be 

particularly good at playing board games. However, it is well adapted to act, think and 

innovate in the world in which it finds itself. This is an ability that AI has yet to 

achieve. 

In researching the ways in which robots are controlled, the author found that each 

motion is controlled by an individual program. The resulting motion is very smooth, but 

if the robot is faced by new circumstances, a new program is needed. For example, in the 

case of climbing construction scaffolding, each movement of a foot, arm, hand, or waist 

must be controlled by a new program. In envisaging that a robot that can move around a 

construction site, climb steps and scaffolding, cope with wet ground, and clamber over 

pipes, a separate program is needed for all conceivable cases for every site condition. 

The task is huge and very costly. 

A more realistic approach is deep learning. With deep learning, a robot will develop 

capabilities through a form of self study. 

Deep learning reminds the author of his/her own growth. Learning from parents and 

teachers is important, but self study and learning from experience is also very 

significant. 

The teaching provided by parents and teachers might be seen as a main control 

program or operating system. Self study and experience is then what we call deep 

learning. Deep learning begins in the fetal stage of life. The fetus kicks against the 

mother’s belly, getting feedback between brain neurons and leg motion and allowing a 

form of calibration. After birth, thumb sucking and observing the movement of an arm 

are also part of deep learning. While crawling, pulling themselves into a standing 

position, and taking first steps, infants’ brains are studying motion and balance by deep 

learning as the arm and leg muscles grow. 

The successful development of AI based on deep learning, which imitates the way the 

brain learns, is a crucial factor in replacing a construction worker with an autonomous 

walking robot. 



 
 

4. COMPARING GROWTH OF THE HUMAN BRAIN AND THE DEVELOPMENT OF 

ROBOTS 

The development of an AI robot will follow the growth steps of a child through the 

process of deep learning. The relationship between the stages of human brain 

development and motor skills, manual skills, emotions/language/social nature, and 

lifestyle are laid out in Table 1 to 4 8) 9) 10) 11), divided into the main developmental steps: 

fetus, up to one year old, infant (1 to 6 years old), child (6 to 12 years old), adolescent (13 

to 19 years old) and adulthood. The table shows the large and small of difficulty of 

realizing each function. For example, the infant’s ability to walk alone (motor skill in 

Table 2), which corresponds to the ability of a robot to walk on two legs, is realized at 

around 12 months and knowing the mother’s face (others in Table 2), which 

corresponds to current levels of image recognition, is realized in infants of 4 months. 

Therefore walking on two legs is more difficult for a robot to achieve than image 

recognition. 

The author has divided into four steps the development of autonomous walking robots 

able to replace construction workers, as follows. 

(1)Step 1: Robots travel along worker access routes carrying lightweight items.  

(2) Step 2: Robots work alone to do concrete compaction work using a vibrator. 

(3) Step 3: Robots collaborate to do concrete compaction work using a vibrator. 

(4) Step 4: Robots are capable of responding to discrepancies between drawings and 

actual site conditions as well as other unexpected situations (works manager) 

Looking at the functions required at each robot development step and comparing them 

with the motor skills, manual skills, emotions/language/social nature, lifestyle, and 

other aspects of human growth laid out in Table 1 to 4, those items relating to the robot 

development steps are extracted as shown in Table 5. 
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c
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c
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c
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 c
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c
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c
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 b
e

H
e
 i
s 

de
lig

h
te

d 
w

h
e
th

e
r 

h
is

 m
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 b
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c
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c
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 c
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c
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.
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 p
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e
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c
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c
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C
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C
an
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u
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 p
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c
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R
e
c
o
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c
e
.

- -

S
ig

n
if
ic

an
t 

d
e
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p
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p
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b
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 c
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e
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o
o
d
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T
h
e
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n
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n
t 

n
o
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c
e
s 

th
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n

o
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e
c
t 

c
o
n
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n
u
e
s 
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 e
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n
w

h
e
n
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o
t 
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e
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n
c
e
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f
o
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e
c
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C
an

 u
n
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n
d 
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d 

m
e
m

o
ri
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a 
c
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l 
e
ve

n
t 

c
h
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n
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Table 2 Relationship between the stages of human brain development and motor skills, manual skills,

emotions/language/social nature, and lifestyle (infants) 
8) 9) 10) 11)



infants (1 to 6 years old)

1 Year 2Years 3Years 4Years 5Years 6Years

B
ra

in
 d

e
ve

lo
pm

e
n
t

-

B
y 

th
e
 a

ge
 o

f 
3
 y

e
ar

s,
 m

ye
lin

at
io

n
 o

f
si

te
s 

re
la

te
d 

to
 t

h
e
 e

ss
e
n
ti
al

 h
u
m

an
m

o
ve

m
e
n
ts

 i
s 

c
o
m

pl
e
te

.

T
h
e
 h

u
m

an
 b

ra
in

, 
w

h
ic

h
 i
s 

n
o
w

ab
o
u
t 

8
0
%
 c

o
m

p
le

te
, 
h
as

 a
re

m
ar

ka
b
le

 a
b
ili

ty
 t

o
 d

e
ve

lo
p

la
n
gu

ag
e
, 
e
sp

e
c
ia

lly
 i
n
 g

ir
ls

, 
du

e
 t

o
th

e
 d

e
ve

lo
pm

e
n
t 

o
f 
la

n
gu

ag
e

c
e
n
te

rs
.

T
w

o
 m

aj
o
r 

c
h
an

ge
s 

st
ar

t 
to

 o
c
c
u
r 

in
th

e
 b

ra
in

. 
O

n
e
 i
s 

a 
c
h
an

ge
 i
n

re
sp

o
n
se

 t
o
 n

e
u
ro

tr
an

sm
it
te

rs
 ,
 a

n
d

th
e
 o

th
e
r 

is
 a

 c
h
an

ge
 i
n

n
e
u
ro

tr
an

sm
it
te

rs
 .
 W

it
h
 t

h
e
se

c
h
an

ge
s,

 u
n
n
e
c
e
ss

ar
y 

c
o
n
n
e
c
ti
o
n
s

be
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e
e
n
 n

e
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e
 c

e
lls

 a
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 e
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in
at

e
d

an
d 

o
n
e
 o

u
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u
t 
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 p

o
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ib
le

 f
o
r 

o
n
e
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e
c
e
 o

f 
in

fo
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at
io

n
 (
in

pu
t)

.

- -

M
o
to

r 
sk

ill
s

-

C
an

 m
ak

e
 t

w
o
-
le

g 
ju

m
p 

(n
am

e
d

go
o
 j
u
m

p
). 

C
an
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o
ll 

o
ve

r 
o
n 

m
at

s
et

c 
(c

o
rm

o
ra

nt
 g

o
ur

d
).

A
c
c
o
rd

in
g 

to
 m

u
si

c
, 
h
e
 c

an
 w

al
k

fa
st

e
r,
 s

lo
w

ly
 w

al
k,

 r
u
n
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n
d 

st
o
p
.

C
an

 c
lim

b
, 
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o
ss

 a
n
d
 g

et
 o

ff
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m

o
th

er
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 h
an

d
 w

it
h
 a

 t
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le
 w

it
h

a 
h
e
ig

h
t 

su
c
h
 a

s 
th

e
 b

al
an

c
e

b
e
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. 

C
an

 m
ak

e 
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o
-l

eg
 j
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p
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ed

go
o
p
e
r 

J
u
m

p)
.

C
an
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al
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u
n
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o
p,
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n
d 

c
an

te
r
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c
o
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g 
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u
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c
.

C
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 c
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b
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o
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d
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 o
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n
c
e
 b
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n
e
.

C
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 m
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e
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w
o
-
le

g 
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m
p 
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e
d
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n
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u
m

p
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C
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 m
o
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o
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d
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a 

m
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 e
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.
W
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ki

n
g 

n
o
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n
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 b
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an
c
e

b
e
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h
o
u
t 

h
e
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t 
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p
ic
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h
t.
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g 
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m

n
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t.

C
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u
n
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n
 a
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g.

C
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 m
o
ve
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o
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d
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n
d
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o
ll 

o
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r
m
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s 

e
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C

an
 c
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b 
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e
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u
n
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e
 g
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.

A
c
c
o
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in
g 

to
 m

u
si

c
, 
m
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c
h
, 
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n
,
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o
p
, 
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, 
c
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 b

e
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 w
al
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n
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c
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o
d
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al
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n
g.

C
an
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u
m

p
 f
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m
 a

 h
ei

gh
t 

o
f 
ab

o
ut

7
0
 c

m
.

C
an

 c
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b 
to

 t
h
e
 t

o
p 

o
f 
th

e
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n
gl

e
 g
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.

M
an
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l 
sk
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-

H
o
ld

in
g 

 s
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ss
o
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 c
o
rr

e
c
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y 

an
d 

m
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in
g 

a
st
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ig

h
t 

c
u
t 

o
f 
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o
u
t 

2
 c

m
. 
C

u
t 

a 
pi

e
c
e
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f
o
ri
ga

m
i 
b
y 

ha
n
d
 .
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A

t 
th

is
 a

ge
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le
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 a

nd
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ig
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h
an
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 c

an
n
o
t 
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t 

be
 m

o
ve

d
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k 

an
d
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o
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h.
)

R
o
ll 

u
p
 o

ri
ga

m
i. 

H
e
 i
s 

in
te

re
st

e
d
  
in

 b
u
ild

in
g

bl
o
c
ks

 a
n
d 

c
an

 s
ta

c
k 

fi
ve

 p
ie

c
e
s 

h
ig

h
.

H
e
 c

an
 h

o
ld
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h
e
 s

c
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 c
o
rr

e
c
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y 

an
d 

m
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e
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h
t 

c
u
t 

o
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o
u
t 

5
 c

m
. 
H

e
 c
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k 

u
p
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u
e
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t 

o
n
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e
r 

an
d 
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k 
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H

e 
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n
 d

o
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n 
o
ri
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m
i 
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o
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 (
Δ
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□

).
 H

e
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s 
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e
d 
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u
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g 
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o
c
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c
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im
it
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h
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e
s 

w
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h
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u
t 
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 p
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c
e
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H

e
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s 

in
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e
d 

in
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u
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s 
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d 

c
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c
o
m

p
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 c
o
n
si

st
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o
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c
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 c
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n
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e
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H
e 
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n
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ss
o
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 c
o
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y 
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d
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c
u
t 
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c
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c
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bo

u
t 

1
0
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m
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n
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e
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e
 c
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ve
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n
g 
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r 
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p
e
. 
H

e 
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n
 f
o
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o
r 
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m
i. 

In
te

re
st

e
d 

in
 b

u
ild

in
g 
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o
c
ks
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n
d

u
n
de
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n
ds

 t
h
e
 e
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e
n
c
e
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f 
h
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n
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u
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g
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o
c
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H

e
 c
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e
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o
p
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H

e
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s 
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e
d
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u
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s 
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d 

c
an

 c
o
m
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e
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s
c
o
n
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o
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 t

o
 1

2
 p
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c
e
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 s
h
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e
s 

c
o
n
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st
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g
o
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 t

o
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 p
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c
e
s.

C
o
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e
c
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y 

u
se

 v
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u
s 

to
o
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u
c
h
 a

s 
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so

rs
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u
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in
g 
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e
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 c
u
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e
s,
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u
e
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e
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n
c
h
e
s,
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c
k 
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u
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.

F
o
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o
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m
i 
an

d 
c
an
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e
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o
n
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u
t 

th
e
 f
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u
re

c
o
n
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gu

ra
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o
n
.

H
e 

ca
n
 k
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t 

st
ri
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 a
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 r
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b
o
n.

C
an
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n
o
t 

st
ri
n
g,

 t
ie

 r
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n
s,

 p
re

se
n
t 

ti
e
s 
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yo

u
c
an

 s
o
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e
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t.

C
an

 b
u
n
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e
 w

it
h
 t

h
in

gs
 w

it
h
 a
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u
b
b
e
r 

b
an

d
.

C
an

 c
o
m

p
le

te
 a

b
o
ut
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e
 d

if
fe

re
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 o
ri
ga

m
i

fi
gu

re
s

E
m

o
ti
o
n
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 l
an

gu
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e
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n
d 

so
c
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l
n
at

u
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C
an

 e
xp
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ss
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e
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e
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 p
o
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n
g.

U
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n
e
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w

o
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e
n
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n
c
e
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u
c
h
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"
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S
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o
n
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c
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 b
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h
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te
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e
d 

in
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ri
e
n
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 a
n
d 

c
an

 s
pe

n
d 

ti
m

e
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it
h
 t

h
e
m

 w
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h
o
u
t
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st
an
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f 
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s 
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s 
c
o
m
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e
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U

se
s 

w
o
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s 
an

d
ge

st
u
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n
e
c
e
ss

ar
y 

fo
r 

pl
ay
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”
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e
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e
 d

o
”
, 
“
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 m

e
”
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“
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k
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u
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C
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n
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r 
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m

p
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 q
u
e
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n
s 
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o
u
t 

n
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e
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e
/
 e
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R
e
p
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o
n
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e
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c
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y 
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m
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 D
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o
o
d
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“
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e
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“
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h
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k 

an
d

lis
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n
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h
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in
g 

e
ye

 c
o
n
ta

c
t.

C
an

 d
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n
gu
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h
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e
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e
e
n
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e
al

it
y 

an
d 

im
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in
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io
n
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o
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e
c
ti
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an
d 

su
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e
c
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n
d 

be
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n
s 

ly
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g 
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 h
e
 c

an
 u

n
de

rs
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n
d 
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o
th

e
rs
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e
 e
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o
n
e
o
u
s 
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c
o
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n
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te
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st
e
d 

in
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ri
e
n
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n
d

c
an

 p
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y 
w

it
h
 t

h
e
m
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it
h
o
u
t 
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st
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c
e
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n
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h
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 f
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e
n
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c
o
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e
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e
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C
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 u
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h
e
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o
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n
e
c
e
ss

ar
y 
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r 
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ay

 (
“
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t 
m

e
in

”
, 
“
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e
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e
 l
e
n
d 

m
e
”
, 
“
pl

e
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e
 d

o
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“
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e
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e
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“
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an
k
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w
ar
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n
e
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n
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u
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 p
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c
e
s 
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e
e
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u
ie
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 d

o
e
s

n
o
t 
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n
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o
u
c
h
e
s 

c
o
n
c
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te
 t

h
in
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 a

n
d 

e
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re
ss

e
s

c
h
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te

ri
st

ic
s 

in
 w

o
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 s
o
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u
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o
u
gh
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e
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.
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 t

e
rm

s 
o
f 

th
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ki
n
g,

 w
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 u
n
d
e
rs
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n
d
 t

h
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th

e
rs
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e
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 d
if
fe

re
n
t 

an
d

u
n
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u
e
 m

e
n
ta

l 
w

o
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d.
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a 
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su
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e
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o
n
al

 c
o
m

m
u
n
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n
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o

b
e
c
o
m

e
s 
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o
m

p
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x.
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n
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d
d
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 b
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c
o
m

e
s 

p
o
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o
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n
d
e
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n
d
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e
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o
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c
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M

o
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y 
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d 

so
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n
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c
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o
n
 l
e
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n
e
d
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y 
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vo
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e
m

e
n
t

w
it
h
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e
n
d
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n
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u
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 p
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n
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h
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e
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"
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h
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e
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 l
o
t 
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n
d
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p
h
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s 
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 r
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ti
o
n
sh

ip
s 

w
it
h
 s

u
rr

o
un

d
in

g
p
e
o
p
le

. 
In

te
re

st
e
d
 i
n
 f

ri
e
n
d
s 

an
d
 c

an
 g

e
t 

al
o
n
g 

w
e
ll 

w
it
h
 t

h
e
m

. 
C

an
u
n
de

rs
ta

n
d 

o
rd

e
rs

 a
n
d 

is
 a

bl
e
 t

o
 w

ai
t.
 C

an
 a

n
sw

e
r 

qu
e
st

io
n
s 

su
ch

 a
s

n
am

e
, 
ag

e
, 
bi

rt
h
da

y,
 a

n
d 

so
 o

n
. 
C

an
 e

xp
re

ss
 i
n
te

n
ti
o
n
s 

w
it
h
 w

o
rd

s.
 C

an
c
re

at
e
 a

 s
to

ry
 b

y 
o
b
se

rv
in

g 
a 

pi
c
tu

re
. 
C

an
 s

e
ar

c
h
 f

o
r 

sa
m

e
 h

e
ad

 w
o
rd

an
d 

sa
m

e
 t

ai
l 
w

o
rd

 .
 T

o
u
c
h
e
s 

c
o
n
c
re

te
 t

h
in

gs
 a

n
d 

e
xp

re
ss

e
s

c
h
ar

ac
te

ri
st

ic
s 

in
 w

o
rd

s 
(h

ar
d,

 s
o
ft

, 
fl
u
ff

y,
 r

o
u
gh

).

In
te

re
st

e
d
 i
n
 f

ri
e
n
d
s 

an
d
 c

an
 m

ak
e
 g

o
o
d
 f

ri
e
n
d
s 

au
to

n
o
m

o
u
sl

y.
 H

as
 f

u
n

p
la

yi
n
g.

A
w

ar
e
 o

f 
m

an
n
e
rs

 i
n
 p

u
b
lic

 p
la

c
e
s 

(u
n
d
e
rs

ta
n
d
in

g 
o
f 

m
o
ra

ls
).

A
n
sw

e
rs

 q
u
e
st

io
n
s 

su
c
h
 a

s 
n
am

e
, 
ag

e
, 
bi

rt
h
da

y,
 a

dd
re

ss
, 
te

le
ph

o
n
e

n
u
m

be
r,
 k

in
de

rg
ar

te
n
, 
pa

re
n
ts

, 
se

as
o
n
s 

e
tc

 w
it
h
 p

h
ra

se
 s

u
c
h
 a

s 
"
Y
e
s,

 i
t

is
 ~

"
. 
C

an
 e

xp
re

ss
 i
n
te

n
ti
o
n
s 

w
it
h
 w

o
rd

s 
in

 t
h
e
 f

o
rm

 o
f 

se
n
te

n
ce

s.
 C

an
lo

o
k 

at
 a

 p
ic

tu
re

 a
n
d 

e
xp

re
ss

 m
im

e
ti
c
 w

o
rd

s 
an

d 
o
n
o
m

at
o
p
o
e
ic

 w
or

d
s 

in
w

o
rd

s.
 (

S
u
c
h
 a

s 
za

se
r,
 s

h
ik

u
sh

ik
u
, 
fl
u
ff

y 
e
tc

. 
) 

C
an

 c
re

at
e
 s

to
ri
e
s 

b
y

o
b
se

rv
in

g 
tw

o
 p

ic
tu

re
s.

W
h
ile

 p
la

yi
n
g,

 c
an

 m
ak

e
 r

u
le

s 
o
f 
p
la

y.
 C

an
 r

ea
d
 a

n
d
 w

ri
te

  
w

o
ad

s.
 C

an
 g

at
h
e
r 

to
n
gu

e
s,

 c
ol

le
c
t 

ta
il 

w
o
rd

s,
 a

n
d
 p

la
y

"
sh

ir
it
o
ri
"
 w

it
h
 r

u
le

s.
 C

an
 w

ri
te

 n
am

e
 c

o
rr

e
c
tl
y.

 C
an

u
n
de

rs
ta

n
d 

o
pp

o
si

te
s 

(b
ri
gh

t 
⇔

 d
ar

k,
 u

p
 ⇔

 d
o
w

n,
 r

ai
se

 ⇔
re

c
e
iv

e
 ,
 c

lo
se

 ⇔
 o

pe
n
 e

tc
.)
 C

an
 c

re
at

e
 s

to
ri
e
s 

by
 o

bs
e
rv

in
g

fo
ur

 p
ic

tu
re

s.

L
if
e
st

yl
e
 

A
tt

e
m

p
ts

 t
o
 u

se
 a

sp
o
o
n
fo

rk
 w

it
h
o
u
t 

h
e
lp

.
T
ak

es
 o

ff
 s

o
ck

s 
an

d
sh

o
e
s 

w
it
h
o
u
t 

h
e
lp

.
C

an
 w

as
h
 o

w
n
 h

an
d
s.

R
e
m

e
m

b
e
rs

 h
av

in
g 

sl
e
pt

.
（
re

m
e
m

be
r 

sl
e
e
ve

 r
o
ll 

)

A
tt

e
m

pt
s 

to
 u

se
 c

h
o
ps

ti
c
ks

w
it
h
o
u
t 

h
e
lp

. 
C

an
 c

h
an

ge
 o

u
t

o
f 

p
aj

am
as

 w
it
h
o
u
t 

h
e
lp

. 
C

an
fa

st
e
n
 t

h
re

e
 o

r 
so

 f
ro

n
t

b
u
tt

o
n
s 

(l
ar

ge
) 

an
d
 s

n
ap

fa
st

e
n
e
rs

. 
A

tt
e
m

p
ts

 t
o

c
o
rr

e
c
t 

in
si

de
-
o
u
t 

c
lo

th
e
s.

C
an

 r
e
m

o
ve

 s
h
o
e
s 

w
it
h
o
u
t

h
e
lp

 a
n
d
 a

tt
e
m

p
t 

to
 p

u
t 

th
e
m

o
n
.

D
e
ta

c
h
in

g 
c
lo

th
e
s 

an
d

c
lo

si
n
g 

do
w

n
 c

lo
th

e
s 

.
C

an
 p

u
t 

o
n
 s

o
c
ks

 a
n
d

sh
o
e
s 

w
it
h
o
u
t 

p
ro

b
le

m
.

C
an

 e
at

 u
si

n
g 

c
h
o
ps

ti
c
ks

.
C

an
 c

le
an

 u
p
 f
o
o
d
 s

p
ill

s.
C

an
 u

se
 a

n
d 

sq
u
e
e
ze

 o
u
t

c
lo

th
s 

an
d 

to
w

e
ls

.
A

ft
e
r 

ta
ki

ng
 o

ff
 s

ho
es

,
c
an

 p
u
t 

th
e
m

 a
w

ay
 i
n

go
o
d
 o

rd
e
r.

C
an

 w
ip

e
 i
t 

w
it
h
 a

h
an

dk
e
rc

h
ie

f 
to

 p
ro

p
e
rl
y 

w
as

h
h
is

 h
an

ds
 .
C

an
 u

n
de

rs
ta

n
d

e
ve

n
ts

. 
C

an
 u

n
de

rs
ta

n
d 

th
e

da
ys

 o
f 

th
e
 w

e
e
k.

 C
an

 r
e
ad

th
e
 c

al
e
n
da

r.
 C

an
 r

e
ad

 t
h
e

ti
m

e
. 
(○

 h
o
u
r,
 ○

 h
o
u
r 

an
d
 3

0
m

in
u
te

s)

O
th

e
rs

In
de

pe
n
de

n
c
e
 a

n
d 

st
u
bb

o
rn

 c
o
n
fl
ic

t 
w

it
h
 o

w
n
 e

m
o
ti
o
n
s 

an
d

in
e
xp

e
ri
e
n
c
e
 o

f 
w

o
rd

s.
 I
f 
an

o
th

e
r 

pe
rs

o
n
 i
s 

lo
o
ki

n
g 

fo
r

so
m

e
th

in
g 

d
if
fe

re
n
t 

fr
o
m

 h
im

se
lf
, 
it
 w

ill
 b

e
c
o
m

e
 a

p
p
ar

e
n
t.

U
nd

e
rs

ta
nd

s 
th

at
 a

 p
ic

tu
re

 i
s 

si
m

p
ly

 a
 r

ep
re

se
nt

at
io

n 
o
f

so
m

e
th

in
g.

 B
as

e
d
 o

n
 s

ta
ti
st

ic
s 

an
d
 p

ro
b
ab

ili
ty

, 
it
 b

e
c
o
m

e
s

po
ss

ib
le

 t
o
 i
n
fe

r 
h
u
m

an
 p

re
fe

re
n
c
e
.

C
an

 i
m

it
at

e
 t

h
e
 s

am
e
 w

o
rd

s 
by

 m
e
m

o
ri
zi

n
g 

w
o
rd

s 
pr

o
n
o
u
n
c
e
d

as
 "

ap
pl

e
s"

.
C

an
 f
o
llo

w
 w

h
ic

h
 u

pt
u
rn

e
d 

c
u
p 

c
o
n
ta

in
s 

sw
e
e
ts

.

F
e
m

al
e
s 

c
h
at

 a
n
d 

h
av

e
 e

xc
e
lle

n
t 

c
o
m

m
u
n
ic

at
io

n
. 
M

al
e
s 

ar
e
 s

u
pe

ri
o
r 

in
sp

at
ia

l 
c
o
gn

it
io

n
 a

n
d 

ar
e
 m

o
re

 t
h
e
o
re

ti
c
al

. 
H

e
  

c
an

 r
e
m

e
m

be
r 

an
d

e
xp

re
ss

 w
o
rd

s 
su

c
h
 a

s 
"
ap

pl
e
s,

 b
an

an
as

"
 "

3
, 
6
"
 i
n
 o

rd
e
r.
 I
f 

it
 i
s 

2
 t

o
 3

p
ie

c
e
s,

 h
e
 w

ill
 b

e
 a

b
le

 t
o
 m

e
m

o
ri
ze

. 
P

re
p
ar

e
 t

h
re

e
 b

o
w

ls
 a

n
d
 p

re
pa

re
 t

w
o

ki
n
ds

 o
f 

it
e
m

s 
th

at
 a

re
 a

bo
u
t 

th
e
 s

iz
e
 t

o
 e

n
te

r 
th

e
 b

o
w

l. 
S
h
o
w

 m
e
 w

h
e
re

to
 p

u
t 

in
 t

h
e
 b

o
w

l 
an

d
 m

e
m

o
ri
ze

 w
h
at

 i
s 

in
 w

h
ic

h
 b

o
w

l. 
It
 i
s 

p
o
ss

ib
le

 t
o

th
in

k 
ab

o
u
t 

pe
o
pl

e
, 
th

in
gs

 a
n
d 

e
ve

n
ts

 t
h
at

 a
re

 n
o
t 

ac
tu

al
ly

 (
ph

ys
ic

al
ly

)
pr

e
se

n
t.
 C

an
 h

o
ld

 s
c
is

so
rs

 c
o
rr

e
c
tl
y 

an
d 

m
ak

e
 a

 s
tr

ai
gh

t 
c
u
t 

o
f 

ab
o
u
t 

5
c
m

. 
C

an
 p

ic
k 

u
p
 g

lu
e
, 
sp

re
ad

 i
t 

on
 p

ap
e
r 

an
d
 s

ti
c
k 

th
in

gs
 t

o
ge

th
e
r.
 C

an
d
o
 a

n
 o

ri
ga

m
i 
h
al

f-
fo

ld
 (

Δ
, 
□

).
 W

it
h
 t

h
e
 d

e
ve

lo
p
m

e
n
t 

o
f 

"
sy

m
b
o
lic

th
in

ki
n
g"

, 
it
 b

e
c
o
m

e
s 

p
o
ss

ib
le

 t
o
 u

n
d
e
rs

ta
n
d
 t

h
e
 r

e
la

ti
o
n
sh

ip
 b

et
w

e
e
n
 a

m
in

ia
tu

re
 r

o
o
m

 a
n
d 

th
e
 r

e
al

 r
o
o
m

. 
A

b
le

 t
o
 u

n
de

rs
ta

n
d 

si
m

pl
e
 c

au
sa

l
re

la
ti
o
n
sh

ip
s.

 S
e
lf
-
c
o
n
c
e
pt

s 
in

 b
e
h
av

io
ra

l 
as

p
e
c
ts

, 
su

c
h
 a

s 
"
I 
e
at

 r
ic

e
e
ve

ry
 d

ay
"
, 
"
I 
c
an

 r
u
n
 f

as
t"

 b
e
gi

n
 t

o
 f

o
rm

. 
B

e
gi

n
s 

to
 n

o
ti
c
e
 t

ha
t 

th
e

e
ss

e
n
c
e
 o

f 
th

in
gs

 d
o
e
s 

n
o
t 

c
h
an

ge
 e

ve
n
 i
f 

th
e
ir
 a

pp
e
ar

an
c
e
 d

o
e
s.

 F
o
r

e
xa

m
pl

e
, 
u
n
de

rs
ta

n
ds

 t
h
at

 a
n
 a

pp
le

 b
e
fo

re
 p

e
e
lin

g 
an

d 
an

 a
pp

le
 a

ft
e
r

pe
e
lin

g 
ar

e
 t

h
e
 s

am
e
 t

h
in

g.

A
b
le

 t
o
 d

is
ti
n
gu

is
h
 b

e
tw

e
e
n
 b

io
lo

gi
c
al

 p
h
e
n
o
m

e
n
a 

an
d

ph
ys

ic
al

 p
h
e
n
o
m

e
n
a 

an
d 

u
n
de

rs
ta

n
d 

th
e
ir
 r

e
sp

e
c
ti
ve

pr
o
p
e
rt

ie
s.

 T
h
e
 d

is
ti
n
c
ti
o
n
 b

et
w

e
e
n
 t

h
e
 s

u
bj

e
c
ti
ve

 w
o
rl
d 

an
d

th
e
 o

b
je

c
ti
ve

 w
o
rl
d 

is
 n

o
t 

ye
t 

c
le

ar
. 
C

an
 r

e
m

e
m

b
e
r 

th
e
 n

am
e

o
f 
ch

ar
ac

te
rs

 i
n
 a

 p
ic

tu
re

 b
o
o
k,

 t
h
e
 o

rd
e
r 

o
f 
th

e
 t

h
in

gs
 t

h
at

ap
p
e
ar

 i
n
 a

 s
to

ry
, 
an

d
 s

o
 o

n
. 
H

as
 t

h
e
 m

e
m

o
ry

 a
b
ili

ty
 t

o
re

m
e
m

b
e
r 

w
h
e
re

 s
o
m

e
th

in
g 

is
 h

id
de

n
 a

m
o
n
g 

fo
u
r 

u
pt

u
rn

e
d

c
u
ps

.

C
an

 m
e
m

o
ri
ze

 t
h
re

e
 e

le
m

e
n
ts

 o
f 
pi

c
tu

re
, 
po

si
ti
o
n
, 
c
o
lo

r,
pi

c
tu

re
, 
ta

lk
.

C
an

 r
e
m

e
m

b
e
r 

th
e
 l
o
c
at

io
n
s 

o
f 
th

re
e
 t

o
ys

 u
n
de

r 
fi
ve

u
pt

u
rn

e
d 

c
u
ps

 a
ft

e
r 

m
o
vi

n
g 

th
e
m

 a
ro

u
n
d.

C
an

 d
ra

w
 a

 s
ti
ck

 f
ig

ur
e.

C
an

 u
n
de

rs
ta

n
d 

a 
se

ri
e
s,

 C
an

 u
n
de

rs
ta

n
d 

w
it
h
 c

o
n
c
re

te
th

in
gs

 a
n
d
 p

ri
n
ts

 .

C
an

 r
ea

so
n 

ab
o
ut

 t
he

 f
ig

ur
e 

co
nf

ig
u
ra

ti
o
n
.

U
n
de

rs
ta

n
ds

 t
h
e
 e

xi
st

e
n
c
e
 o

f 
h
id

de
n
 b

u
ild

in
g 

bl
o
c
ks

. 
C

an
m

ak
e
 p

ri
n
ts

 .
U

n
de

rs
ta

n
ds

 p
o
si

ti
o
n
 f
ro

m
 a

n
y 

o
ri
e
n
ta

ti
o
n
, 
in

c
lu

di
n
g 

m
ir
ro

r
im

ag
e
s,

 t
h
e
 r

o
ta

te
d 

im
ag

e
s.

Table 3 Relationship between the stages of human brain development and motor skills, manual skills,

emotions/language/social nature, and lifestyle (infants1to6) 
8) 9) 10) 11)



children adolescents adulthood
6Y to 12Y years 13Y to 19Yyears Bbeyond 20Y years
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Table 4 Relationship between the stages of human brain development and motor skills, manual skills,

emotions/language/social nature, and lifestyle(children, adolescents and adulthood) 
8) 9) 10) 11)



 

Table 5 Comparison between the process of human growth and each step of robot development 

Note: the four steps of robot development are    (1) carrying lightweight items along worker access routes,    (2) working alone with a concrete vibrator,    (3) working in collaboration with vibrators and    (4) works manager 

  
  

Fetus (robot 
functionality 
assumed by 
2022) 
  

Infant (0 years old) (robot 
functionality assumed by 2022 to 
2034) 

Infant (1 to 6 years old) (robot functionality assumed by 2034 to 2039  

Child (robot 
functionality 
assumed by 2039 
to 2045) 

Adolescent (robot 
functionality 
assumed 2046 to 
2052) 

Adult (robot 
functionality assumed 
beyond 2053) 

0 to 38 Week 
Birth to 
3Mont
h 

4M 5 to 11 
M 12M 1 Year 2Y 3Y 4Y 5Y 6Y 6Y to 12Y 13Y to 19Y beyond 20Y 

Motor 
skills     

(1) 
Walkin
g alone

  

 

 

 (2) Walking 
normally on a 
balance beam 
without help at 
typical table 
height. 
(2) Imitating 
gymnast 

 (3) 
According to 
music, march, 
run, stop, 
skip, canter, 
bear walking, 
crocodile 
walking 

       

Manual 
skills        

(1) Can 
grip 
small 
things 
betwee
n 
thumb 
and 
index 
finger 

  

(2) Can hold 
scissors correctly 
and make a 
straight cut of 
about 2 cm. 
 

 

 (3) Interested 
in building 
blocks and 
understands the 
existence of 
hidden building 
blocks. 
 

      

(4) Skilled artisans have 
the ability to acquire 
"skills" from many 
experiences and handle 
problems in an optimal 
way. This can be said to 
be an example of 
crystalline intelligence 
where learning and 
accumulation of 
experience is utilized. 

Emotion
s/langua
ge/social 
nature 

         

 (1)(2) Uses 
words and 
gestures 
necessary for 
play （”please 
do”, “give me”, 
“thank you”）. 
 

 (3) Can use the 
words necessary 
for play (“let me 
in”, “please lend 
me”, “please do”, 
“please give me”, 
“thank you”). 
(3) Touches 
concrete things 
and expresses 
characteristics in 
words (hard, soft, 
fluffy, rough, 
etc.). 

       

Lifestyle   

  
  
  
  

 
  
      

 (1) Takes off 
socks and shoes 
without help. 
 

  (2)(3) Can put 
on socks and 
shoes without 
problem. 

        

Other    

  
  
  
  

(1)(2) 
Recogn
izes the 
mother
’s face. 

     

 (3) Can follow 
which upturned 
cup contains 
sweets. 

 (3) It is possible 
to think about 
people, things 
and events that 
are not actually 
(physically) 
present.  

      

 

 



 
 

Fig. 3 Using a worker access route 

Step 1: Robots travel along worker access routes carrying lightweight items. 

A typical worker access route is shown in Fig. 3. 

Motor skills: A robot walking on two legs corresponds to the ability of an infant of 12 

months to walk alone. 

Manual skills: Carrying lightweight items corresponds to gripping small things 

between thumb and index finger, which an infant of 12 months can do. 

Emotions/language/social nature: Meeting on a walkway and giving way corresponds 

to the use of necessary words and gestures to play (“please do”, “give me”, “thank 

you”）by an infant of 2 years. 

Lifestyle: A robot able to switch attachments by itself (ex. foot attachments) 

corresponds to an infant of 2 years taking off socks and shoes. 

Others: Recognition of humans and objects by a robot corresponds to an infant of 4 

months recognizing the mother’s face. 

With regard to motor skills, the author considers that the technological level of a 

robot walking on two legs corresponds to an infant of 12 months walking unaided. At 

first glance, this is reasonable. However, a robot (which might cost over 1 million US 

dollars) will suffer damage if it falls, while an infant takes a passive stance as in judo 

and probably ends up with just a scratch and can pick itself up. This ability of an 

infant is a result of deep learning during the development of crawling and walking. 

 

 

  



 
 

Fig. 4 Concrete compaction work by one person 

Step 2: Robots work alone to do concrete compaction work using a vibrator. 

Compaction work by one person using a vibrator is shown in Fig. 4. 

Concrete compaction work can be considered the task of carrying the vibrator tool to 

the correct location and working alone in that specific place. 

Motor skills: A robot able to walk on the re-bar mesh, still-fresh concrete etc. and to 

turn around in small spaces corresponds to an infant of 4 years walking normally on a 

balance beam without help at typical table height and imitating a gymnast. 

Manual skills: A robot able to carry a vibrator and insert it into the correct position 

corresponds to an infant of 2 years holding scissors correctly and using them to make 

a straight cut of about 2 cm. 

Emotions/language/social nature: A robot that meets human workers in the work area 

and yields to human workers corresponds to an infant of 2 years using the words and 

gestures necessary to play (“please do”, “give me”, “thank you”). 

Lifestyle: When a robot moves between still-fresh concrete and a metal access route, it 

must change its foot attachments. This corresponds to an infant of 4 years putting on 

socks and shoes without problem. 

Others: A robot that can distinguish between humans, objects and different floor 

surfaces corresponds to an infant of 4 months recognizing the face of its mother. 

However, when operating with others in the same area, it is highly likely that a robot 

with this level of development could get its foot entangled in a wire or similar and fall 

down. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Fig. 5 Collaborative compaction work using vibrators 

Step 3: Robots collaborate to do concrete compaction work using a vibrator. 

Collaborative concrete compaction work using vibrators is illustrated in Fig. 5. 

This task can be considered to be carrying the vibrator tool to the correct position and 

working in collaboration with others to compact the concrete. 

Motor skills: A robot that can walk on still-fresh concrete etc., turn in small spaces 

and operate collaboratively corresponds to an infant of 5 years who can march, run, 

stop, skip, canter, walk like a bear and walk like a crocodile to music. 

Manual skills: A robot witch can understand that hidden wire from view is connected 

to remain standing without a hidden wire tangled around its foot corresponds to an 

infant of 4 years interested in building blocks and understanding the existence of 

hidden building blocks. 

Emotions/language/social nature: A robot that can operate collaboratively and 

communicate with others about the state of concrete corresponds to an infant of 3 

years who uses the words necessary for play (“Let me in”, “please lend me”, “please 

do”, “please give me”, “thank you”) and who is able to touch objects and characterize 

them in words (hard, soft, fluffy, rough, etc.) 

Lifestyle: When a robot moves between still-fresh concrete and a metal access route, it 

must change its foot attachments. This corresponds to an infant of 4 years putting on 

socks and shoes without problem. 

Others: A robot that is able to understand abstract instructions by another worker 

corresponds to an infant of 3 years thinking about other people, objects and events 

that are not actually (physically) present. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Step 4: Robots are capable of responding to discrepancies between drawings and actual 

site conditions as well as other unexpected situations (works manager). 

A robot at Step 4 corresponds to a skilled artisan who has the ability to acquire skills 

from varied experiences and handle problems in an optimal way. This can be said to 

be an example of crystalline intelligence where learning and accumulation of 

experience is utilized. 

5. SUGGESTED TIMELINE FOR REALIZATION OF EACH STEP 

Author suggests a timeline for the realization of each step in robot development in Table 

5 assuming time axis of the outline. 

The human brain, which has been developing for 500 million years, takes shape in the 

fetus by 38 weeks old. By the first year of life, the infant has the same number of 

neurons as an adult. Authentic deep learning begins, resulting in connections and 

disconnections among neurons as various functions are realized. These first months of 

life correspond to the time beyond 2022, when robots will achieve the same number of 

neurons as a human, according to assumptions drawn from the SyNAPSE Program. 

(Refer to Fig. 2.) 

If we assume that a year of robotics development beyond 2022 corresponds to one month 

of infant development, the first year of an infant’s life equals 12 years in robotics. 

Robots can be expected to have the characteristics of a one-year-old infant by 2034. 

Beyond, we can assume that deep learning will accelerate and the speed of robotics 

development will equal that of a child. This would make the robot equivalent to a child 

of 6 years in 2039, the beginning of adolescence in 2046 and the beginning of adulthood 

in 2053. 

Mortar skills, manual skills, emotion/language/social nature, lifestyle, others 

corresponding to the robot at each step are connected with dotted lines in Table 5. 

Hence the most right time is the realization time of robot at each step. 

Step 1: Robots travel along worker access routes carrying lightweight items. 

Robot corresponds to infant of 2 years and is assumed to be realized in 2035. 

Step 2: Robots work alone to do concrete compaction work using a vibrator. 

Robot corresponds to infant of 4 years and is assumed to be realized in 2038. 

Step 3: Robots collaborate to do concrete compaction work using a vibrator. 

Robot corresponds to infant of 5 years and is assumed to be realized in 2039. 

Step 4: Robots are capable of responding to discrepancies between drawings and actual 

site conditions as well as other unexpected situations (works manager) 

Robot corresponds to adult beyond 20 years old and is assumed to be realized beyond 

2053. Realization will be a long process. 



 
 

6.CONCLUSION 

A timeline for autonomous walking robots being able to replace human construction 

workers is set out by the author in terms of computer hardware and software 

development relating to deep learning. Four steps in the development of such robots are 

outlined by drawing a parallel with the process of human development through deep 

learning, including the required functions and the year in which they are expected to be 

realized. Step 1 is a robot that travels along worker access routes carrying lightweight 

items. This corresponds to an infant of 2 years and is assumed to be realized by 2035. A 

Step 2 robot can work alone to do concrete compaction work using a vibrator. This 

corresponds to an infant of 4 years and is assumed to be realized by 2037. In Step 3, 

robots will collaborate to do concrete compaction work using a vibrator. Such a robot 

corresponds to an infant of 5 years and is assumed to be realized by 2038. The final step, 

Step 4, represents robots that are capable of responding to discrepancies between 

drawings and actual site conditions as well as other unexpected situations (works 

manager). This corresponds to an adult over 20 years old and is assumed to be realized 

beyond 2053. Realization of this step will be a long process. 
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