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Design of Compliant Strategy & Mechanism for Home-use Object Transfer/Storage Robot System

Rui Fukui, Taketoshi Mori, Tomomasa Sato

This research describes strategic and mechanism design methodology to realize a robot system that transfers and stores

daily use objects in our living space. Unlike industrial applications, there are three specific problems in the home ap-
plication: (1) variation of living environment, (2) diversity of daily use objects, (3) dispersion of human activity. First,
we presented a concept of strategic compliance as a basic solution for these problems and extracted three fundamental
functions (Regulation, Assist/Enforce, and Navigation) for the strategy. Second, we aimed to realize a robust robot motion

by introducing adequate mechanisms which can be suitable for the strategy. The mechanisms are; (1) passive mechanical

compliance and (2) object constraint methodology with “Caging”. As an actual prototype system, a home-use logistical
support robot system implemented with those strategies and mechanisms are constructed. By experiments, validity of the

presented methodology was confirmed.

Key words: Home robot, Manipulation, Compliance, Closure, Logistics system, Intelligent environment
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Table 1 Analysis of automobile history and extraction of key strategies

History of environmental
arrangement for
automobile

(1) Establishment of traffic
rules (Left-hand traffic,
Separation of walk way
and road way)

Basic function
of strategies

Generalization of
arrangement

Regulation
Establishment of basic rules in | (1) Task regulation
machine motion area (2) Role regulation
(3) Space regulation

Configuration of environments

that support machine capability ResiE

(2) Pavement of road

(3) Installation of signal, Promotion of rule or law

traffic sign and white line | compliance Navigation

Configuration of environments
that elicit machine potential

(4) Construction of high way Assist, Enforce
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Table 2 Home-use specific problems, solutions, and strategies

Basic function

Problems | Solutions of strategies

Environmental arrangement for

Variation of stable measurement Assist, Enforce

living Cooperation of multiple equipments

environment Arrangement of a specific space where

robots can concentrate on their task Space regulation

Definition of robots’ operation target as Task & Role

Diversity of a container (Not objects themselves) regulation

daily use Installing special structure or informative
objects equipment to the container

Each object is equipped with RFID tag Assist, Enforce

Dispersion of | Mechanical or informative navigation of Navigation,
human activity| human casual motion Role regulation
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Fig. 4 Snapshot of the intelligent containers
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Table 3 Specification of the intelligent containers

Class S Class A Class E
(Daily use) (Weekly/Monthly use) | (Long period storage)
Size, payload 370*270*188 [mm], maximum 5 [kg]
Weight 2.8 [kg] | 1.7 [kg] | 1 kgl
Grasping guide POM tapered guide plate (Hole D11[mm], Taper angle 45 [deg])

Fork insertion Fork gap: 20.5 [mm], Fork width: 206 [mm]
Red LED 4 points; blinking 7.5 [Hz]
Wireless comm. | Bluetooth Ver2.0, Class2, Serial 57.6 [kbps]

Load sensor

Position marker

Photo reflector type x4: each max range 6 [kg]
Aluminum (A5052) | ABS/MDF board

Main material Cardboard/MDF board
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Fig. 5 Snapshot of the ceiling mobile unit

Table 4 Specification of the ceiling mobile component

Drive mechanism

Two drive wheels and two support ball casters

Body size : 340 * 320 * 150 [mm]
Position estimate accuracy Position: 0.33 [mm], Direction: 0.30 [deg] (S.D.)
Weight 10 [kq] Min rotation radius 0[mm]
Maximum drive force | 35[N] Maximum speed i 125 [mmis]

Ceiling hanging| |

/ component i
. | Crane winding
component

/| Expansion and
l contraction
component

Fig. 6 Snapshot of the container handling unit

Close up view of grasping mechanism

Fig. 7 Overview of the manipulation component
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With force
(A) Isolation behavior in expansion mode

Without force

With force
(B) Isolation behavior in contraction mode

Without force

Fig. 8 External force isolation behavior

Table 5 Specification of the container handling unit

Size 340 * 320 * 610 [mm] (Contraction state)

Pay load
Grasping mechanism
Compliant capability

Mechanisms for :
external force isolation :

8 [kg] (Including container weight 3 [kg])

Jamming free crank connection pin x2
Horizontal: 10 [mm], Roll/Pitch: 10 [deg]

Torque limiter, constant load spring and
permanent magnet for decoupling

10 [kg] Lift stroke i 610 - 1,835[mm]
: 100 [mmis] | Lifting mech. : Steel beltwinch

Safe working load

Lift-up speed
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Table 6 Specification of the home-use automated warehouse

Basic structure

Elevator type

Size W1,500 * H2,300 * D450 [mm]
. Separated motion layout
Motion layout ' (Linear actuator and horizontal transporter)
Rail type Mono rail. Cantilever state.

Pick / Place method

Fork and simple lock method

Maximum payload

8 [kg] (Including container weight 3 [kg])

Transport speed

Slow for safety (horizontal: 0.2 [m/s])

Container recognition

RFID tag and antenna

Space occupation

1 Small (Escape mode is available)

Human pick/place

Available

Compliance to errors

High compliant

Obstacle recognition

! Infra-red sensor and contact switches

(2) Camera for local
1

Fig. 13 Snapshot of the container position recognition system
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Table 7 Specification of the container position recognition system

Two phase | (1) Global measurement with distributed cameras (iSight)

measurement | (2) Local measurement with a wireless camera (AXIS207W)
on the container transfer robot

Accuracy Global measurement: maximum horizontal error 67 [mm]
Local measurement: maximum horizontal error 7.3 [mm]
Processing | Global measurement: 1.5 [min] (Process for 4 cameras)
time Local measurement: 1 [min]

Environment | Recognition and measurement is available in spited of
resistance | illumination condition variations
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Fig. 17 Snapshot of grasping experiment
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Fig. 18 Snapshot of roll or pitch inclined container grasping
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[Characteristics]

(1) Residence, office and
shops are installed in the
same building.

(2)All objects in container is
stored in public storage
and can be monitored or
controlled via our
presented system.
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> } generation plant,
4 Air conditioner,
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Elevator
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Fig. 22 Conceptual sketch of a future residence installed with our pre-
sented system
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