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Abstract Robots that autonomously drive and deliver food have the option of using the sidewalks.
However, only pedestrians, strollers, wheelchairs, and medical scooters are allowed on sidewalks as per
the regulation. Therefore, some companies are piloting tests in the regulatory sandbox systems.
However, the relevant product safety criteria must be prepared to improve the regulations, and there
exist no safety requirements formulated at present. In overseas, delivery robots are commercialized with
greater responsibility and authority under the Product Liability Laws, so the robots are forced to follow
the safety criteria. In addition, the risk of using delivery robots anywhere is high, and they must avoid
trees, bicycles, etc., in an urban environment. In this study, we define safety requirements for delivery
robot usage through a risk assessment As a result of the risk assessment, 16 safety requirements related
to the robot operation and autonomous driving were derived. Based on the composition of the
international standard, it was proposed to organize these requirements into ten detailed clauses. In
addition to the product safety requirements, four safety requirements must be regulated in the traffic
laws or safety culture. It is expected that this study will contribute to the establishment of regulations
for safety and increase the market for delivery robots.
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Table 3. Applicability of the safety requirements
items of the ISO 13482 standard for
delivery robot

Safety Requirements Appl.
5.1 General X
5.2 Hazards related to charging battery (0]
5.3 Hazards dL}e to energy storage and supply o
5.3.3 Power failure or shutdown
5.4 Robot start-up and restart of regular operation (0]
5.5 Electrostatic potential O
5.6 Hazards due to robot shape (6]
5.7 Hazards due to emissions o
(noise, vibration, substances and fluids, temperature)
5.8 Hazards due to electromagnetic interference (0]
5.9 Hazards due to stress, posture and usage X
5.10 Hazards due to robot motion
5.10.2 Mechanical instability o
5.10.4 Instability while carrying loads
5.10.8 Collision with safety-related obstacles
5.11 Hazards due to insufficient durability (0]
5.12 Hazards due to incorrect autonomous decisions and o
actions
5.13 Hazards due to contact with moving components X
5.14 Hazards due to lack of awareness of robots b o
humans
5.15 Hazardous environmental conditions X
5.16 Hazards due to localization and navigation errors O
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Fig. 1. Risk assessment procedure model for delivery
robot
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Table 4. The results of the identification model of safety-requirements

Risk
Hazard analysis estimation
Task 4 . Assocd.
No. & evaluation | Remark
phase clause
Hazardous Type / Situation / Event Hazard S| E| A| L
Obstruction of the progress of pedestrians and vehicles due to collision
1 R . . . . 1| 2] 1| N - -
excessive brightness and steering angle of the night lights stress
2 When the structure of the food storage box is not sufficiently falling a1l N _ _
designed to hold the food others :
3 The size of a robot that cannot sufficiently pass through narrow block 1l3] -] 1 _ ~
design roads due to street trees and bicycle lanes collision
4 Hazards that may arise from unsafe driving due to unbalanced wheel collision 3l 2 -l H P 511
wear, puncture, etc.
If the door of the food storage box is not automatically closed or jammed
5 . " N . 212 - M P 5.5.2
opened incorrectly or if the user does not close it carelessly. cutting
6 Hacking due to lack of cyber security system others 31 1] -|L - -
operati| Hazards of malfunction of the robot due to lack of response
7 uncontrolled | 3 1] -| L - -
on | personnel when remotely controlled by the control system
3 Hazards that may arise when delivering foods that are prohibited to others Y G ~
be loaded
If an electrical safety accident occurs when water cleaning is short-circuit
9 . 21 1) -|L - -
Setting | performed due to the hygiene problem of the food storage box burn

Hazards that may occur due to overheating of the battery or inability )
. . . fire
10 to operate the control due to an increase in the internal temperature 212 -|M P 5.5.2
g : fumes
of hot foods.

When control is impossible after an integrated control system error o

11 - . uncontrolled | 3| 2| -| H P 5.7.5
communication shadow area is entered

12 If a robot is suddenly operated while a pedestrian is trying to help (folhsu)n, 3020 -lul po 575
the robot by an obstacle, etc. jammed

13 If you mis-recognize the height of obstacles such as a berm rollover 212 -|M P 5.8.4

14 Derng‘ beyond safety without road surface information on uphill and rolloxfer 2121 -l 2D 581
downbhill roads trapping

15 If robots f‘all into a Place under constr-uctlon such as stairs or falling sl 2l -l H| 2D 5.82
manholes installed without a separate jaw. dropped

16 When the driving part and long-grown weeds get tangled uncontrolled | 1| 2| 2| L - -
Hazards that may arise from collisions with passing companions, crushing

17 . . ; L 212 - M P 5.8.4
abandoned animals, electric-wheelchair, stroller collision

18 driving Haza:rdsl that Can'occur-when unreasongble delivery is made without collision 32l -lul pD 5.8.1
confirming real-time rainfall and snowfall

19 When the driver cannot identify the delivery robot at the crosswalk nglsll;:;lﬁ 32| -|H P 5.8.3

20 When the battery is rapldly- discharged, or it C?nnot be sufficiently collision 13 -]t _ ~
moved to the standby location before discharging.

21 Whe'n driving is prohibited or entering a road where driving is not dropped 1l N _ ~
possible

2 If thet angle of V}exv 15' limited dL{e tl‘) an mtersestlon or obstacles, crus'h‘mg 3031 3]v P 592
entering the vehicle without confirming the traffic status collision
The entering a pedestrian crossing by mis-recognizing a traffic signal crushing

23 . e 1 . . L 313 2| H P 5.9.2
system or a right-turn traffic light as a pedestrian signal collision

24 When entering 'a crosswalk. without predicting the moving speed of crus'h‘ing 303 3| v P 593
high-speed vehicles and bicycles collision

25 Pedestrians intentionally get on top of the robot falling 11 1| -| N - -

waiting . . . o
2% Hazards of not stopping at an appropriate staging area after delivery collision 2l 2| ol m D ~

is complete
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Table 5. Product safety requirements for delivery
robot

Safety Requirements

5.1 General

5.2 Hazards due to electrical energy
5.2.1 Charging battery
5.2.2 Power failure or shutdown

5.3 Robot start-up and restart of regular operation

5.4 Hazards due to electromagnetic compatibility
5.4.1 Electromagnetic interference
5.4.2 Electromagnetic susceptibility

5.5 Hazards due to mechanism design
5.5.1 Shape and superficial finishing
5.5.2 Food locker

5.6 Hazards due to emissions
(noise, vibration, substances and fluids, temperature)

5.7 Hazards due to robot motion
5.7.1 Mechanical instability

5.7.2 Instability while carrying loads
5.7.3 Error condition

5.8 Hazards due to driving environment

5.8.1 Road condition(hill, hall, wet, frozen)

5.8.2 Collision with safety-related obstacles

5.8.3 Lack of awareness of robots by pedestrian and driver
5.8.4 Animal, electric-wheelchair and stroller on the road

5.9 Hazards due to autonomous driving

5.9.1 Incorrect autonomous decisions and actions
5.9.2 Recognition at the crosswalk and intersection
5.9.3 Vehicle and bike speed recognition

5.10 Hazards due to insufficient durability
5.10.1 Wheel durability

5.10.2 Vibration test

5.10.3 Property and material of tires
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