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ABSTRACT

Smart home was originated in the 1980s and evolved from home electronics to
home automation. It comprises internet, sensors, control and other technologies.
Application of Smart home does not only focus on entertainment and control but also
on energy, health care, privacy, and safety issues. Although Smart home has been
developed more than thirty years, it is still not generally implemented because of the
special features considered in each related study of the literature. In these studies,
specific smart products are considered under limited environment, so they can’t be
applied to other environments with great accuracy and adaptability.

In literature review, this study follows Three Laws of Robotics proposed in the
literature. Secondly, we illustrate related literatures which support the design principles,
e.g. user-friendly interface and necessity of the gateway. Thirdly, we outline Motion
Study and Principle of Motion Economy under Work Study (Motion and Time Study)
which is related to some principles of this research. Moreover, we collect the following
data regarding four types of domestic humanoid robot: WHD, weight, DoFs, speed, etc..
In this research, we categorize present intelligent home products into 7 categories based
on whether or not they have a mobile base, visual system, limbs: i-gizmo, smart device,
i-appliance, cleaning robot, Func. Humanoid Robot, Entertainment Robot, and i-
furniture. Then we design principles for each of five different environments at home,
which are general principles (IDRobot must comply in any environment), principles of
living room, principles of kitchen, principles of bathroom and principles of bedroom.
Each types of principles corresponds to different kinds of smart product. In addition,
we slightly redesign the layout of home which is drawn by Revit 2016 to compare the
3D models before improvement and that after improvement in order to compare its
discrepancy and limit the scope of Func. Humanoid robot when it breaks down. This
research reduces the limitation of various home environments through the principle
designing which was supported by previous studies in the literatures, and these
principles thus improve the efficiency of operations of robots at home. Furthermore,



the proposed principles in this research are not only adaptive for the special case, but
also for different kinds of home.

Keywords: Smart Home, Home Robots, Humanoid Robots, Principle Design
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Bl 4.3 The Moley Robotic Kitchen
7ok kR : ” Robot chef coming to a kitchen near you in 2017,” by C.
REED, 2015, PBS NEWSHOUR.
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TR kR 0 “Multi-Camera Multi-Person Tracking for EasyLiving” by
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2000, In Visual Surveillance, 2000. Proceedings. Third IEEE
International Workshop on (pp. 3-10). IEEE.
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GEERUERREFS -
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FAZRE RS2 AR BV EE Y TR i RRHREZTE
R E AR ZERALHERE -

Detect
Clean Store food surrounding

Smoke
Alarm
emperature
Dining Table & Garbage Ca m

Offer meal
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1879mm

The fourth section
(Must try to stretch out hand)

The second section
(Must raise the hand on t
he top of the shoulder )

The first section
( Be taken only When standing )

The third section
(Be taken when Forwarding
bends or crouching)

The fifth section
( Be taken only when
crouching down )

B 49 X i8R 7 B
7ok kR ¢ Yao-jun, S., & Nai-qun, W. (2016). Research on Innovative

Design of Shared Refrigerator. International Journal of Smart Home,
10(8), 19-28.
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BEA o R R AR Y P o

I KS—§7F A il 2PB8E8F GBREIFA

B IFE AP OBEFR o

BFISEA LI X EA 4t £ 7 7 o F 82 A g en3 #  (Thrun,
2004) praAzR - APHEAF ORREF L p BT P F AT R AL
B PRI FHE By L2 R (Danger: robots with knives,
2010) o — f&“:# & 22 4 3% Pl(speed and separation monitoring)” i35 jiF
7 HEMBRPE AT AR ATREY SRR
REARITPER] € p* % & 2% 1 # (% (Simonite, 2014) -
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s 2 RIS B 3.1 B R&eEY % - IF k& + - 2 Bathroom’
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e 3
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244 R FEEZ BRIV AR Fof R B TE
R E AR ZERALHERE -

| [ |
Detect
surrounding S

Shower Smoke
Nozzle Alarm
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= e
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Tk kR ¢ https:/www.americanstandard-us.com/bathroom/bathroom-

sink-faucets/colony-single-handle-4-inch-centerset-bathroom-faucet-
16904
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Bl 4.13 5 OHEA &4 » %k £ 50 #HR p dow i & & &
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7] gt
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%iF % %t%“% P 2 RBAPPTT RN L DHRr RZE -

B 4.13 OHEA % &

Tk kIR ¢ “This bed automatically makes itself three seconds after you
get up” by Shamsian, J., Griffin, K., 2016, Business Insider.
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425 # R AL UBE R FEFR

Bl 424 ¥ %9 HHZAAPEA T EH LR 28 BHED G
Bhier 2 R AT RFD TEF AL A AP EL G i
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A3NFERAEFFRA

Ao G RTE P2 RBl iRy - AR GRS R U
# 4.6 3 % 4.12-
% 4.6 i-gizmo 2_ i B
A% - :1-gizmo
Gl Robots must have to recognize who the user is.

a2 Better(simple) physical user interface, lower energy
consumption, but customization.
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Principle ID Principle descriptions

G6 Data backup and transference.

K1 Fire/Gas elements have to be replaced by electricity.

K2 The swinging door should be avoided for the refrigerator.

4 All the kitchenware and seasoning should be arranged
orderly.

K When someone is close to the cooking robot arm which
1s working, it must stop working.

Ké Cooking robot arm must have ability to automatically
clean its surrounding and its own.

Bal All the intelligent device must be waterproof.

= Exhaust fan should be turn on automatically when the

a
moisture exceeds the limits.
% 4.7 smart device 2. i }|
F8%8 = - smart device
Principle ID  Principle descriptions

Gl Robots must have to recognize who the user is.

@ Better(simple) physical user interface, lower energy
consumption, but customization.

G6 Data backup and transference.

a7 Panoramic cameras should be installed on ceiling in each
room, except in bathroom.

Bal All the intelligent device must be waterproof.
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# 4.8 i-appliance 2. i B

% = - 1-appliance
Principle ID  Principle descriptions

Gl Robots must have to recognize who the user is.

2 Better(simple) physical user interface, lower energy
consumption, but customization.

oy For the pick-and-place robots, vision system is
indispensable.

G6 Data backup and transference.
Object designing should not only conform to human to

GI13 use, but also to the robot to pick-and-place and
distinguish.
Robot with physical Human Robot Interaction should

Gl15 equipped with tactile/force sensors and non-stiff
structure.

K1 Fire/Gas elements have to be replaced by electricity.

K2 The swinging door should be avoided for the refrigerator.

K4 All the kitchenware and seasoning should be arranged
orderly.

K5 When someone is close to the cooking robot arm which
1s working, it must stop working.

K6 Cooking robot arm must have ability to automatically
clean its surrounding and its own.

Bal All the intelligent device must be waterproof.
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#. 4.9 cleaning robot z_ i P

fa%E 2 : cleaning robot
Principle ID  Principle descriptions
@ Better(simple) physical user interface, lower energy
consumption, but customization.
G6 Data backup and transference.
G10 The robot cannot actively approach resident when it is
not performing the task.
13 The less miscellaneous objects on the floor, the higher
mobility for robot.
Bal All the intelligent device must be waterproof.

% 4.10 Func. Humanoid Robot 2z_ J B

#8587 : Func. Humanoid Robot

Principle ID  Principle descriptions

Gl Robots must have to recognize who the user is.

& Better(simple) physical user interface, lower energy
consumption, but customization.

a3 Information (data, image, voice) Gateway is necessary,
and all robots must can connect with it.

A For the pick-and-place robots, vision system is
indispensable.

G5 Humanoid robots are better to have foot, not only with
mobile base.

G6 Data backup and transference.

G8 Humanoid robot may play the role of central gateway.
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Principle ID  Principle descriptions

Humanoid robot must equip with two or more

G9 replaceable batteries, and which can be autonomously
replaced.
G10 The robot cannot actively approach resident when it is

not performing the task.

Gl The humanoid robot should keep 50cm or more away
from resident when it is moving.

G12 Keep balance after getting dash.

Object designing should not only conform to human to

G13 use, but also to the robot to pick-and-place and
distinguish.

G14 Humanoid robot should have ability to process virous
inputs of sensors.
Robot with physical Human Robot Interaction should

GI15 equipped with tactile/force sensors and non-stiff
structure.

G16 Humanoid robot should not be allowed to enter every
area.

5 The wheel on the end table is able to connect with
humanoid robot.

13 The less miscellaneous objects on the floor, the higher
mobility for robot.

Bal All the intelligent device must be waterproof.

Bel Robot could pick and place the pillow and quilt.
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% 4.11 Entertainment Robot 2_ J R

#&%¢ - © Entertainment Robot
Principle ID  Principle descriptions
Gl Robots must have to recognize who the user is.
2 Better(simple) physical user interface, lower energy
consumption, but customization.
oy For the pick-and-place robots, vision system is
indispensable.
G6 Data backup and transference.
G10 The robot cannot actively approach resident when it is
not performing the task.
Object designing should not only conform to human to
GI13 use, but also to the robot to pick-and-place and
distinguish.
Robot with physical Human Robot Interaction should
GI15 equipped with tactile/force sensors and non-stiff
structure.
13 The less miscellaneous objects on the floor, the higher
mobility for robot.
Bal All the intelligent device must be waterproof.

% 4.12 i-furniture B B

fa#— © i-furniture

Principle ID  Principle descriptions

Gl Robots must have to recognize who the user is.

@ Better(simple) physical user interface, lower energy

consumption, but customization.
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Principle ID Principle descriptions

G6 Data backup and transference.
G10 The robot cannot actively approach resident when it is
not performing the task.
L1 Every furniture should be attached with strong wheels.
L2 The wheel on the end table is able to connect with
humanoid robot.
K1 Fire/Gas elements have to be replaced by electricity.
K3 Cabinet should not be installed too high or too low.
Bal All the intelligent device must be waterproof.
Ba3 Traditional faucet should be replaced by digital interface.
Bed Every clothes should be hanged in the wardrobe, not
e
folded.
Be3 Hanger should be designed as smart plug and attached
© with RFID.
Be4 Wardrobe should be designed as conveyer.
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