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1. Background 

1.1 Plant Accident Response  

There have been a large number of case reports on explosion accidents, pipe and tank 

infrastructure deterioration, as well as chemical leakages due to aging or loose bolts at flange joints in 

industrial plants from a range of sectors (including yet not limited to manufacturing facilities, oil 

refineries, steel/food/chemical production factories, etc.). The introduction of robots enables swift 

emergency response while guaranteeing the safety of workers and emergency responders after an 

accident. However, robots are required to operate in a harsh environment, including assessing a 

situation where fire and smoke may generate post-accident, communication faults, and obstructed 

pathways due to debris and scattered pipe parts.  

 

The robot technologies used in plant disaster response tasks and plant inspection tasks have much 

in common. In case of an explosion in a plant facility, the necessary tasks to assess disaster induced 

damages surrounded by smoke, securing a pathway through clearing up scattered debris, and 

preventing further damage by closing valves, is also effective for investigations, debris removal, and 

search and rescue operations in dangerous environments like collapsed building, flammable or toxic gas, 

etc. In addition, monitoring technologies for confined spaces that use inspection robots are needed for 

assessments and maintenance of closed and confined spaces in social infrastructures, as well as 

surveying dangerous areas. Therefore, through the commonality shared between frequently used 

maintenance robot technologies in social infrastructures and emergency response robot technologies, 

emergency response robots can be seen as a way to improve and sophisticate daily use inspection 

technologies, while also ensuring the economic viability of implementing disaster response robots.  

 

1.2 The Introduction of Digital Twin in the Plant Disaster Challenge 

The WRS2025 Plant Disaster Challenge aims to advance disaster response and prevention by 

introducing the Plant Robot Digital Twin System, a system concept that combines the Digital Twin of 

the robot and Digital Twin of the plant. The concept of the competition is damage assessment and 

emergency response in the event of an accident. Therefore, competition missions include “to digitalize 

inspection results and provide immediate reports in the Digital Twin System”, or “to be able to respond 

quickly to orders sent from the Digital Twin System.” 

 

Figure 1: Plant Explosion Accident 



In addition, the competition subject tasks are information gathering and operation in a harsh 

environment, meaning the competition will manifest a set of events expected in the aftermath of an 

accident, like scattered debris or unidentifiable obstructions, smoke, and communication faults.  

As visualized in Figure 2, the Plant Robot Digital Twin is a concept that refers to one whole system 

that unifies the Digital Twin of the plant and the Digital Twin of the robot.  

The Plant Digital Twin is the data collected from remote sensors (including that of the robot) that 

is sent to the virtual space, used to build a digital model of the plant and reproduce the operating 

conditions in the plant, and performs early detection of equipment deterioration and damages, predicts 

accidents and disaster risks, and optimizes facility operations.  

The Robot Digital Twin is the digital model that is reproduced in the virtual space using the data 

collected by the robot of the robot’s internal condition and external environment, where the virtual space 

builds the intelligence of the robot through environmental modelling, sensing, actuation, action planning, 

autonomous intelligence, human interface, etc. The robot’s intelligence is constructed as a Digital Twin 

in the virtual space, whilst the real robot acts based on the action plan provided by the Digital Twin.  

 

Figure 3 provides an image of the Plant Robot Digital Twin system used in the WRS2025 Challenge. 

The aim is to build a Plant Robot Digital Twin System that utilizes a bidirectional communication as a 

common specification to create an archive, where the Digital Twin would send task commands to the 

robot (emergency response tasks/survey and inspection tasks), and the robot will send gathered 

information results report back to the Digital Twin.   

In the Plant Disaster Challenge, the competitors (participating teams) will suggest methods of 

inspection/survey, and the procedure to digitalize those methods.  On the other hand, the participants 

will utilize the Digital Twin system to display the robot (position and orientation) and information 

gathering results (competition records) on the plant model screen. By dispatching the robot to do 

disaster response activities, the competitors will convey to the audience the advantages of combining 

robot technologies and the Digital Twin, like the possible integration of both information obtained by the 

robot and the robot’s actions in the Digital Twin, while also demonstrating the future of next-generation 

facilities to individuals in the industry, like the technology’s ability to assess equipment degradation 

through a multiple result archive and data accumulation system. 

Figure 2: Plant Robot Digital Twin System：Plant photo and two Digital Twins systems 



 

 

2. Plant Inspection and Emergency Response Abilities 

Required by the Robot 

The theme for the Plant Disaster Challenge is inspections/surveys of manufacturing, oil refining, 

and steelmaking plants, abnormality diagnosis, and emergency response in case of abnormality 

detection. The competition, as well as the competition missions and tasks, were designed to not only 

show the ability to conduct internal inspections/surveys, but also requires the robot to demonstrate 

the capacity to respond to disaster situations. 

The required abilities (functions) the robot should have for plant inspection/survey: 

 To complete an emergency response mission and patrol of a damaged plant and return using 

remote operating and or autonomous control 

 Ability to maneuver in elevated, confined, and closed spaces, climb and descend on a staircase, 

on uneven ground and over debris 

 Environment conditions: water, oil, medicine spills, gas leakage, smoke/steam, sewer spillage, 

strong wind, reflections, high and low temperatures, high humidity, and so forth. 

 Eliminating, clearing, cleaning and decontaminating obstacles 

 Sensing (images, thermal imagery, sound, gas concentration, radiation, non-destructive 

inspections, mapping, etc.) 

 Search for people needing assistance 

 Equipment adjustments and emergency repairs 

Figure 3: A Plant Robot Digital Twin System Concept Flow-Chart  



 Information gathering for equipment installation work, and installation work. 

 Survey and inspection results digitalization/archiving and reporting 

 

The section below describes the basic performance abilities the robot is required to possess to 

implement the tasks above: 

- Maneuvering (mobile adaptability/robust performance): 

The ability to maneuver with special constraints (plumbing (spacing (width, height limit), 

thickness, shape), inside plumbing, inspection walkways (confined, height), pathway 

constraints (turning corners, stairs (ladders)), surface pathway (grating, checker plate, 

concrete). 

- Work Task Abilities 

Tip-positioning control performance (confined and high spaces) when using end effector and 

arm manipulation, degree-of-freedom control system, camera, sensors, etc., and ability to 

maintain the robot’s attitude during the inspection/survey target in environments where 

attitude control is required (unstable robot attitude (inclined/uneven road surface, vibration)). 

End effector refers to valve opening/closing and adjustments (levers, handles, switch 

operation), palpation (valve movement check), gripping ability of measuring tools, and so forth. 

- Interaction Abilities (Usability): 

Ability to operate robot in confined, closed, and dim spaces, time needed to learn to operate 

the robot (operating simplicity), operating assisting abilities (data presentation performace 

(simplicity), autonomous control abilities.    

- Survey/Inspection Abilities: 

Alternative capacity for visual and percussion inspection. 

Abnormality and post-disaster situation surveying abilities. 

-  Evaluation Diagnosis Abilities: 

Ability to conduct evaluation and diagnosis of equipment using measuring devices and utilizing 

data analysis (used as comparison when conducting health assessments). 

- Results Reporting: 

Survey area (position) and mapping of results ability (SLAM), operator operation/ survey and 

inspection results showcasing abilities on the manager’s PC (viewing, digitalization: web 

sharing and communication through email), ability to produce reports, analysis and 

assessment (past results comparison), ability to identify events, linkable with the Digital Twin 

System, and ability to share the abovementioned information in the Digital Twin System. 

- Environmentally Robust (Adaptive) Performace: 

The ability to adapt to environmental changes (disturbances) under harsh environment 

(outdoors) when completing inspection or survey tasks.  

Disturbance types include the state of the surface (wetness, sand/gravel, mud), 

communication disturbances, poor visibility (smoke, sunlight (direction, 

reflection/brightness), meter malfunctions (salt damage, rust, condensation), 

temperature (high and low temperatures), wind, sound (noise), and electrical faults. 

The ability to collect emergency disaster information (damage, gas leakage distribution, fire, 

explosion site identification) under harsh conditions (in the event of a disaster/in an unknown 

environment). 



Emergency response (clearing debris, valve operation, search for people requiring rescue) 

under harsh environment (in the event of a disaster/in an unknown environment). 

- Task Achievement and Autonomous Navigation 

The ability to locate its position in the maneuvering environment (self-location estimation) 

Autonomous patrol abilities (the ability to patrol a designated target of inspection and to return 

to base). 

Object recognition and manipulation by the robot itself.  

Automatic gripping torque control performance. 

 

To have a robot perform disaster response missions, the robot must exceed the basic abilities that 

are mentioned above and possess abilities to find and cultivate innovative solutions to tasks that were not 

mentioned in the earlier sections. We have prepared several competition missions that will be used to 

evaluate the basic abilities listed above. The basic abilities the robot is required to possess will be 

evaluated through the degree of achievement of the competition tasks. To further evaluate the robot’s 

disaster response abilities, disturbance factors will be prepared. 

 

Reference: Definition for Autonomous Mobility 

Automatic Meter Reading: Required 

Refers to technology that takes raw data from cameras and sensors as input and output 

figures to be entered in a report without any human discernment. However, human intervention is 

allowed when triggering data acquisition. 

 

Automatic Evaluation and Diagnosis: Required 

Refers to technology that uses raw data from cameras and sensors as input and output 

numerical values related to the results of structural diagnosis without any human discernment. 

However, human intervention is allowed when triggering data acquisition.  

 

Autonomous Navigation: 

Refers to technology whereby the robot itself grasps the environment without detailed 

commands from humans, and the robot safely patrols the designated inspection equipment/operation 

target and returns to base. 

 

Autonomous Manipulation: 

Technology whereby the robot itself recognizes the shape of the grasped object, automatically 

controls the grasping torque, rotates the handle/lever or removes debris, etc., without detailed 

commands from humans. 

 

Automatic Recognition/Detection: 

Refers to technology that recognizes and identifies the inspection/operation object as well as 

its location without the need for human discernment. 

 

Measurement, Evaluation and Diagnostic Device Integration: 



An integrated technology that aims to automate fault/abnormality detection, evaluation, and 

diagnosis by incorporating sensors and other equipment to quantify (digitize and quantify) operating 

equipment conditions and structural soundness. 

 

 
3．Competition Scenario 

 

The theme of the WRS2025 competition is survey and inspection, and emergency response to 

abnormalities in old and aging plant sites. Below are key-sentences for the WRS2025 competition. 

- Utilizing the Plant Robot Digital Twin system. 

- Prioritizing emergency response in the aftermath of an explosion accident.  

- Assuming a harsh environment (example: low visibility due to smoke, communication faults, etc.). 

 

Based on the mentioned above, the WRS2025 competition scenario is as follows. 

 

In this Plant Disaster Challenge, by utilizing the Plant Robot Digital Twin System, perform 

periodical surveys of the plant’s internal equipment and structure, and evaluate/perform a diagnosis 

on the soundness of the infrastructure. Under confined spaces and harsh environment, the robot will 

report in real time using the Digital Twin System the state of the plant’s internal equipment and 

structure during strong wind and rain conditions, communication faults, and while in a state of poor 

visibility due to smoke, and assist in detecting abnormalities from an early stage. Furthermore, the 

robot will quickly and accurately report the survey and inspection results to the Digital Twin System to 

identify abnormalities early, carry out orders from the Digital Twin, and be able to respond in a rapid 

and accurate manner. Finally, in the case an accident occurs, the robot will carry out assessing the 

disaster situation, clearing rubble, commencing person search, and take action to avoid further 

escalation of the disaster as part of its emergency response while taking the role of a first responder.  

 

 4．Competition Area 
 

The competition will utilize the 6 floors of the mock plant tower (simulating a real plant tower) 

located in Fukushima Robot Test Field in Fukushima prefecture, Minami Souma. Every floor height is 

5m. The following will describe the contents of each floor. The competition will utilize the space up until 

the 4th floor. 

1F: Basic equipment (pumps, boiler, small-size tank, plumbing structure) 

2F: Plumbing structure  

3/4F: Medium and large-size tank 

5/6F: Smokestack-type structure  



 

The competition mission is to complete specified inspections of the equipment in the 

designated mission zones on each floor of the Fukushima Robot Test Field as presented in the Digital 

Twin System. In all of the competition missions, the competitors will operate and control the robot in 

the designated operation areas. The operation area is planned to be the outdoor section of the first 

floor of the Plant Mock Tower.   

 

Mission Zones: (*1F(a) refers to the east area, while 1F(b) refers to the west area) 

P1: 1F(a) or (b) 

       Equipment, pipe, pump(x3), small tank (x2), boiler 

P2: 1F(a) or (b) 

       Equipment, pipe, pump(x3), small tank (x2), boiler 

P3: 3/4F 

       Equipment, medium/large tank 

P4: 1F(a)(b) 

      Equipment, pipe, pump (x3), small tank (x2), boiler 

P5: Tunnel (for test purposes) 

P6: 1F(a) or (b) 

      Equipment, pipe, pump (x3), small tank (x2), boiler  

 

  

Figure 4: A Mock Plant Tower ＠The Fukushima Robot Test 

Field Facility 



5. Competition Missions 

Based on the competition scenario, there will be 6 missions prepared to evaluate the robot’s 

plant inspection abilities as described in Chapter 2. 

 

P1：Inspection and Maintenance 

P2：Fault Detection 

P3：Diagnosis: Tank  

P4：Accident Response: Remove Debris/Close Valve 

P5：Disaster Response: Tunnel 

P6：Emergency Response: Search 

 

Every competition mission will have competition tasks (survey/inspection, work tasks) that 

adhere to the mission descriptions, which in turn will require the competitor to complete several 

inspection commands that will be provided through the Digital Twin System. 

Every mission will be conducted in the designated zone (mission zone), and the robot will carry 

out each mission in the start area of each mission zone, will complete each competition task, follow the 

inspection work task commands, and will return to the starting area once it has completed all 

competition tasks. Thus, the robot is required to produce a report on the work tasks and the 

inspection/survey results during the competition time limit. Any report that is produced/given after the 

designated time limit will receive 0 points.  

The ranking for the preliminary competition will be determined by the overall score, the 

combined points obtained from each mission. The competition score is the grand total of the points 

earned on the mission, technique, and time. A detailed explanation on scoring can be found in Chapter 

8. In the case where competition missions will be performed using autonomous control, the operator 

will be permitted to intervene in the ‘Maneuvering’, ‘Inspection (work task)’, and ‘Report’ phases. 

  



Mission P1: Inspection and Maintenance 

Inspection of the plant's operational status is carried out in accordance with inspection work 

instructions provided in the Digital Twin, in an environment with spatial constraints like wind, rain, piping, 

etc. The robot should rapidly and accurately collect automatically meter readings of pressure gauges 

and other meters and report to the Digital Twin System, and open/close valves to achieve the desired 

condition presented by the Digital Twin, all in the midst of visual obstructions like extraneous light, 

dirt/stains, steam, etc. 

 

 

 

 

 

 

Figure 5: Mission P1 

Competition Task Description: 

The competition tasks related to daily inspections are carried out based on the inspection work 

instructions from the Digital Twin for each equipment to be inspected. This includes making rounds to 

confirm the operation status of equipment and machinery, image recognition of meter readings in the 

designated locations, and reporting of meter readings (automatic meter recognition is required). 

Furthermore, to achieve the desired operational status, the robot will complete equipment and machinery 

maintenance.  

 

Pipe 

(1) Pressure gauge readings: 10 points/site 

The robot will report to the Digital Twin the meter readings of the pressure gauges specified by the 

Digital Twin, requiring the robot to read the scale on the pressure gauge. The image used to 

automatically read the meter is also to be submitted to the Digital Twin. 



(2) Valve maneuvering: 20 points/site 

Align the valve handle as specified by the Digital Twin (for circular – rotate 180 degrees, for lever – 

rotate 90 degrees). Completed instructions are to be reported in the Digital Twin.  

 

Pumps (x3) 

(1) Pressure gauge readings: 10 points/site 

The robot will report to the Digital Twin the meter readings of the pressure gauges specified by the 

Digital Twin, requiring the robot to read the scale on the pressure gauge. The image used to 

automatically read the meter is also to be submitted to the Digital Twin. 

(2) Valve maneuvering: 40 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

Small Tanks (x2) 

(1) Valve maneuvering: 20 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

Boiler 

Under Inspection Walkway (confined space) 

(1) Pressure gauge readings: 10 points/site 

The robot will report to the Digital Twin the meter readings of the pressure gauges specified by the 

Digital Twin, requiring the robot to read the scale on the pressure gauge. The image used to 

automatically read the meter is also to be submitted to the Digital Twin. 

(2) Valve maneuvering: 30 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

Over Inspection Walkway (stairs) 

(1) Pressure gauge readings: 20 points/site 

The robot will report to the Digital Twin the meter readings of the pressure gauges specified by the 

Digital Twin, requiring the robot to read the scale on the pressure gauge. The image used to 

automatically read the meter is also to be submitted to the Digital Twin. 

(2) Valve maneuvering: 50 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

※ Each pressure gauge and handle valve has a barcode on the pipe surface relating to its installation site. 

Automatically read the barcode information and report to the Digital Twin in conjunction with the work 

completion report. 

 

Harsh Environment Challenge Components:  

(1) Repeatability under conditions of wind and rain, high/low temperature  

- Robustness under environmental interferences is required 



 - Environmental resistance and durability are required 

- Extended period of patrolling/returning, stacking countermeasures, and recovery abilities are 

required 

(2) Operating/maneuvering in narrow spaces 

- Maneuvering under spatial constraints (like narrow enclosed spaces, steep stairs, and 

inspection walkways) is required 

- Versatile mobility (adaptability to various travel spaces and road surface configurations) 

(3) Inspection and maintenance work under visually obstructed environment dependent on time and 

place, like extraneous light, condensation/water droplets/dust and other contaminants, steam, etc. 

 - Remote operating support and autonomous navigation is required 

- Automating image reading technology, like scale/meter readings, and object recognition, 

during environmental restraints robustness is required 

  



Mission P2: Fault Detection  

Inspection of the plant's operational status is carried out in accordance with inspection work 

instructions presented by the Digital Twin with spatial constraints like wind, rain, piping, etc. The robot 

should rapidly and accurately report to the Digital Twin under visual obstructions like extraneous lighting, 

contamination, steam, etc. The robot will receive newly recognized fault detections. To avoid an accident, 

the robot should react quickly to the orders from the Digital Twin, and report the work records to the 

Digital Twin.  

 

 

Figure 6: Mission P2 

 

The competition tasks related to daily inspections are carried out based on the inspection work 

instructions from the Digital Twin for each equipment to be inspected. This includes making rounds to 

confirm the operation status of equipment and machinery, image recognition for meter readings in the 

designated locations, and report meter readings (automatic meter recognition is required). In the case 

where the robot has received an abnormality detection report from the Digital Twin, to avoid an accident, 

the robot will carry out the specified work tasks. 

 

Pipe 

(1) Pressure gauge readings: 10 points/site 

The robot will report to the Digital Twin the meter readings of the pressure gauges specified by the 



Digital Twin, requiring the robot to read the scale on the pressure gauge. The image used to 

automatically read the meter is also to be submitted to the Digital Twin. 

(2) Valve maneuvering: 20 points/site 

The robot will confirm the specified instructions from the Digital Twin regarding the state of the valve 

(open/close). The state of the valve will be reported to the Digital Twin. 

 

※ Each pressure gauge and handle valve has a barcode on the pipe surface relating to its installation location. 

Automatically read the barcode information and report to the Digital Twin in conjunction with the work 

completion report. 

 

After the Commands from the Digital Twin: 

The robot will carry out its disaster response (valve operation) to avoid an accident. 

 

Pumps (x3) 

(1) Valve maneuvering: 40 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

Small Tanks (x2) 

(1) Valve maneuvering: 20 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

Boiler 

Under Inspection Walkway (confined space) 

(1) Valve maneuvering: 30 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

Over Inspection Walkway (stairs) 

(1) Valve maneuvering: 50 points/site 

Align the valve handle as specified by the Digital Twin (rotate 90 degrees). Completed instructions 

are to be reported in the Digital Twin. 

 

※ Each pressure gauge and handle valve has a barcode on the pipe surface relating to its installation location. 

Automatically read the barcode information and report to the Digital Twin in conjunction with the work 

completion report. 

 

Harsh Environment Challenge Components:  

(1) Repeatability under conditions of wind and rain, high/low temperature  

- Robustness under environmental interferences is required 

 - Environmental resistance and durability are required 



- Extended period of patrolling/returning, stacking countermeasures, and recovery abilities are 

required 

(2) Operating/maneuvering in narrow spaces 

- Maneuvering under spatial constraints (like narrow enclosed spaces, steep stairs, and 

inspection walkways) is required 

- Versatile mobility (adaptability to various travel spaces and road surface configurations) 

(3) Inspection and maintenance work under visually obstructed environment dependent on time and 

place, like extraneous light, condensation/water droplets/dust and other contaminants, steam, etc. 

 - Remote operating support and autonomous navigation is required 

- Image reading technology, like automatic scale/meter readings, and object recognition 

during environmental restraints robustness is required 

(4) Real time adaptability to Situation Changes Abilities 

 - Appropriate and rapid inspection reporting to the Digital Twin abilities are required 

 - Adaptability to respond to commands from the Digital Twin is required 

 

 

 

 

 

 

 

 

 

  



Mission P3: Diagnosis: Tank 

An inspection of large size tanks to locate abnormalities in the wall surface caused by aging 

(cracks and metal loss). The robot is to report back inspection results of designated locations to the 

Digital Twin. 

※For safety purposes, in the case a robot is required to climb the stairs, eye bolts and sling belts 

attached to the robot will be used to fasten a tow rope. 

Competition Task Description: 

The robot is to carry out diagnostic analysis on the soundness of the wall surface of the middle/large 

sized tanks based on the inspection commands from the Digital Twin. The robot is to quantify every 

abnormality through an imagery processing (automatic analysis/evaluation).  

For each inspected area, the robot is to report to the Digital Twin the inspected area number and 

the evaluation and diagnosis results with regard to the following inspection items. 

 

(1) Presence/absence of cracks: 10 points/site 

Report to the Digital Twin the width and length of the crack according to the inspected area and 

image processing. In test piece boards that do not have cracks, report [0mm]. 

(2) Presence/absence of metal loss: 30 points/site 

Equip the robot with portable measuring tools (ultrasonic thickness gauge: 27MG (Olympus, 

Ultrasonic Transducer: D799) and probes which will be provided by the competition administration, 

measure the minimum thickness of the relevant test piece board, and report measured values and 

area inspection results to the Digital Twin. 

※Every measuring tool and probe are to be equipped on the robot before the competition starts 

(please refer to the section “6.4 Portable Measuring Tools” for further details). The removal of 

measuring tools during the competition is not permitted.  

 

Measures to prevent falls when traversing spiral staircases: 

 Tow ropes will be secured to the robot’s eye bolts, applying tension to the front of the robot to avoid 

toppling (as shown in the image below). The competition time count will stop when securing or releasing the 

tow rope from the robot.  



 

Figure 7: Mission P3 

Harsh Environment Challenge Components: 

(1) Diagnosis of large structures under windy and rainy conditions 

- Maneuvering abilities in high places and spiral staircases is required 

- Maneuvering and (high efficiency) inspection abilities for large areas are requires 

- Environmental restraints robustness is required. 



(2) Inspection Reporting Accuracy 

- Accurate predictions of abnormality locations (3D self-positioning estimation), identification 

and assessment of different abnormalities (high resolution quantification) reporting abilities 

are required. 

- Image reading technology for environmental restraints robustness is required 

  



Mission P4: Accident Response: Remove Debris 

A boiler explosion accident has occurred. Follow the orders of the Digital Twin and carry out a 

disaster situation inspection and debris removal. Furthermore, in response to the possible danger of 

gas leakage, follow the commands given by the Digital Twin to operate the valve, and report work task 

completion results to the Digital Twin. 

 

Figure 8: Mission P4 

Competition Task Description: 

Report the status of the scattered debris, boiler area, pumps, and pipes to the Digital Twin, 

and carry out clearing any scattered debris. Afterwards, operate the valve according to the orders from 

the Digital Twin. Once scattered debris is cleared and the valve operation is complete, send a work 

completion report back to the Digital Twin. 

 

(1) Disaster status report: 10 points/site 

Survey the areas designated by the Digital Twin and report regarding the disaster status 

situation to the Digital Twin (pictures). 

(2) Debris removal: 20 points/site 

Clear the debris scattered in the reported disaster situation area (remove from the designated 

area). Once the debris is removed, send a work completion report to the Digital Twin. 

 



(3) Valve operation: 40 points/site 

Carry out valve operation as signified by the Digital Twin. Once the valve operation task is 

completed, send a work completion report to the Digital Twin. 

 

※Each handle valve has a barcode on the pipe surface relating to its installation location. Automatically read 

the barcode information and report to the Digital Twin in conjunction with the work completion report. 

 

Harsh Environment Challenge Components: 

(1) Real time adaptability to Environmental Changes 

- Rapid and relevant inspection report (to the Digital Twin) abilities regarding the altered 

environment are required 

- Emergency response adaptability and (Digital Twin) command adherence abilities regarding 

the altered environment are required  

(2) Ability to Complete Work Tasks with (Delayed/Blocked) Communication Faults 

-Autonomous navigation abilities like maneuvering until the communication returns or escape 

from signal disrupted areas is required 

- Adaptability to remote operating difficulties as a result of deteriorated communication 

devices, causing data deficiencies or delayed communication, is required 

- Terrestrial adaptability to navigate unknown maneuvering spaces as a result of scattered 

debris and the blocked pathways is required 

- Debris removal to secure pathways and clearing of work area is required   

 

  



 

Mission P5: Disaster Response: Tunnel 

An earthquake strikes the area, and there is a report that a tunnel collapsing accident has 

occurred, and a car trapped in the tunnel. The competitors are required to respond to the call and carry 

their robots to the scene and confirm the situation inside the tunnel. 

 

 

 

Figure 9: Task Image of the P5 Mission Zone 

 

Competition Task Description: 

(1) Jet Fan Inspection: 10 points/site 

Inspect the jet fans located on the ceiling of the tunnel and assess the soundness of the fans. The 

targets used as the subjects of inspection (QR codes) are placed and utilized as inspection points, 

and the robot will report target content and location. Targets are places on the ceiling in areas that 

are hard to see, therefore investigation using drones is expected. 

 

Figure 10: Examples of Inspection Points for the Jet Fan Inspection Task 

 

(2) Upper Damage Transit (mainly for drones): 10 points 

Panels/cables hanging from the gantry trusses will simulate large-type trucks, as demonstrated in Figure 

11. The robot is required to navigate around the obstacles, by passing over or around the obstacles. The 

space over the gantry trusses and under the tunnel is 2m wide and 1m high, while the space between 

the sides of the gantry trusses and the tunnel is approximately 1m wide and 1m high. These obstructions 

are directed mainly towards drones. 

 

④Car inspection 

①Jet Fan Inspection 

②Upper Damage Transit 

②Overground Damage Transit 



Figure 11: An Image of the Upper Obstruction as Seen in the Tunnel Blueprint (Colored in Yellow) 

 

(3) Overground Damage Transit (mainly for UGV use): 10 points 

Maneuvering over props such as debris, earth, and sand from a simulated cave-in event. Debris 

props may be made from wood, concrete, plastic pipes, etc. 

 

Figure 12: Ceiling Damage Image 

 

(4) Car Investigation: 10 points/site 

Investigate the car and the human dummies in the car. The targets used as the subjects of inspection 

(QR codes) are placed and utilized as inspection points, and the robots will report the target content 

and location. Veneer boards, lightweight blocks, etc., will be places over the car and used as 

obstructions from the simulated cave-in. There may be cases where the obstructions will need to be 

removed to inspect the human dummies. The weight of the movable obstruction will range from 

3~10 kg. 

 

Figure 13: Objects of Inspection, Human Dummies 

 

Target Report: 

 It is unnecessary to report to the Digital Twin during mission P5. 

 The target content is the description that is written into the QR codes. 

 The target sites will be shown using 3D coordinates, using the tunnel entrance as the starting point.  



 Submit a report containing information collected on the targets to the judges during the 30 minutes after 

the end of the mission.  

 

Harsh Environment Challenge Components: 

(1) Ability to do maneuvering work under a visually obstructed environment 

 - Navigation in a lightless/dark environment in required 

(2) Ability to maneuver and work under communication disruptions (delays/block) 

- Ability to work in a GPS signal absent environment with communication delays/block from 

the pilot is required 

-   Autonomous or semi-autonomous abilities or an additional robot used to secure the 

communication route is required 

(3) Navigation robustness to physical damage abilities 

- Under environmental conditions like wind damages to drones, dirt, sand, and debris 

damages to UGV, navigation robustness abilities are required 

(4) Ability to work and maneuver in narrow locations  

-  Maneuvering in a narrow space, like survey of ceiling mountings, navigation through narrow 

obstructing objects, inspection of a narrow car interior, removing debris from the car roof, 

navigation and work abilities are required 

- Work that involves photo sharing among a number or robots is expected  

  



Mission P6: Emergency Response 

The competition is integrated, where the robot’s accident response serves as the main theme. 

In the midst of following inspection work task commands from the Digital Twin System, an accident or 

operational abnormality restraints occurs. While collection rapidly collection data on the plant’s internal 

disaster situation after the accident, carry out the emergency response tasks assigned by the Digital 

Twin, and report the investigation results and work completion to the Digital Twin. 

 

Figure 14: Mission P6 

 

Competition Task Description:  

The daily inspection tasks conform with the tasks in the P2 mission. After receiving message from 

the Digital Twin that an accident has occurred, the goal is to search and find remaining plant workers left 

behind in the plant using information provided by the Digital Twin.   

 

(1) Pressure gauge readings: 10 points/site 

The robot will report to the Digital Twin the meter readings of the pressure gauges specified by the 

Digital Twin, requiring the robot to read the scale on the pressure gauge. The image used to 

automatically read the meter is also to be submitted to the Digital Twin. 

(2) Disaster status report: 10 points/site 

Survey the areas designated by the Digital Twin and report on the disaster status situation to 

the Digital Twin (pictures). 

(3) Debris removal: 20 points/site 

Clear the debris scattered in the reported disaster situation area (remove from the designated 

area). Once the debris is removed, send a work completion report to the Digital Twin. 

 

(4) Search for Missing Persons: 40 points/area 



Carry out search of missing persons in the area designated by the Digital Twin System. Report to 

the Digital Twin the presence/absence of persons in need of rescue. 

 

※Each pressure gauge and handle valve has a barcode on the pipe surface relating to its installation location. 

Automatically read the barcode information and report to the Digital Twin in conjunction with the work 

completion report. 

 

Harsh Environment Challenge Components;  

(1) Real time adaptability to unpredictable and fluid environmental and situation changes 

- Rapid and relevant reporting abilities to the Digital Twin in the event of unpredictable and fluid 

situational changes are required 

- Emergency response abilities and the ability to follow orders from the Digital Twin system in 

the event of unpredictable and fluid situational changes is required 

- Human search and human identifying location (self-positioning estimation) abilities in 

unforeseeable circumstances are required.  

(2) Inspect under a visually obstructed environment caused by smoke, steam, etc. 

 - Situation grasping and reporting abilities in a low visibility environment is required 

 - Remote operating support or autonomous navigation in a low visibility environment is requires 

(3) Emergency response under communication disruptions (delay/block) 

-Autonomous navigation abilities like maneuvering until the communication returns or escape 

from signal disrupted areas is required 

- Adaptability to remote operating difficulties as a result of deteriorated communication 

devices, causing data deficiencies or delayed communication, is required 

- Terrestrial adaptability to navigate unknown maneuvering spaces as a result of scattered 

debris and the blocked pathways is required 

- Debris removal to secure pathways and clearing of work area is required 

  



6. Competition Field 

6.1 Outline of Plant Structure and Equipment 

6.1.1 Pipe: 1F (a/b) 

6.1.1.1 Horizontal Pipes 

Structure Specifications:  

JIS-SGP pipes (80A), JIS-SS (10K) flange, JIS-SS steel 

welded elbow (bend) 

Pressure gauge, ball valve (80A), gate valve (80A), rubber 

seated valve (80A) 

Survey/Inspection Items: 

(1) Pressure gauge (P1, P5): the three types of 

ranges used are 0.25, 1.0, 1.6 MPa. Reading 

accuracy is within ±5%. Height of structure is 

from 600mm to around 1800mm. 

(2) Valve Opening/Closing (P1, P5): (length of 

400mm) and circular shaped valves. 

 

Report contents (judging criteria): 

Pressure/temperature measurements: within a±5% accuracy 

Valve opening/closing angle (round valve- 180 degrees, lever – 90 degrees) 

 

6.1.1.2 Vertical Pipe  

Structure Specifications: 

JIS-SGP pipe (80A), JIS-SS (10K) flange, JIS-SS steel 

welded elbow (bend) 

Pressure gauge, ball valve (80A), butterfly valve (80A), 

rubber seated valve (80A) 

Survey/Inspection Items: 

(1) Pressure gauge (P1, P2, P5): the three types of 

ranges used are 0.25, 1.0, 1.6 MPa. Reading 

accuracy is within ±5%. Height of structure is 

from 600mm to around 1800mm. 

(2) Valve Opening/Closing (P1): lever (with a length of ～400mm) and a circular valve. 

Report contents (judging criteria): 

Pressure/temperature measurements: within a±5% accuracy 

Valve opening/closing angle (round valve- 180 degrees, lever – 90 degrees) 

 



6.1.2 Pump: 1F (a/b) 

Structure Specifications: 

Single suction centrifugal pump (100 × 80, 7.5kW 

caliber) 

JIS-SGP pipe (80A, 100A), JIS-100A flange (10K, 

suction side), JIS-80A flange (output side, 10K), 

pressure gauge, 80A ball valve. 

Installed on a trestle with a height of ～125mm.  

 

Survey/Inspection Items: 

(1) Pressure gauge (P1, P2, P5): the range is 1.0 

MPa. Reading accuracy is within ±5%. Height of structure is  

～1500mm. 

(2) Valve Opening/Closing (P1, P4): lever handle (～400mm length、structure height ～1200mm). 

Report contents (judging criteria): 

Pressure/temperature measurements: within a±5% accuracy 

Valve opening/closing angle (lever – 90 degrees) 

 

6.1.3 Small Sized Tank: 1F (a/b) 

Structure Specifications: 

JIS-SS steel plate welded assembly structure (φ1,200×H1,900mm) 

Ladder (no safety fence, effective width ～400mm, space between steps ～300mm, 7 steps) 

Hatch for inspection (ceiling, diameter ～300mm, swing-bolt fixed demountable hatch) 

Hatch for inspection (substructure, diameter ～600mm, bolt-fastening demountable hatch) 

Tank side water level gauge (tubular liquid level gauge) discharge section 50A ball valve 

 

 Survey/Inspection Items: 

(1) Hand-valve maneuvering (P1) 

Report contents (judging criteria): 

Valve opening/closing angle (lever – 90 degrees) 

 

 

 

 

 

 

 

 

 

 

 

 



6.1.4 Boiler: 1F (a/b) 

Structure Specifications: 

Small-sized boiler (φ1,300×H1,550mm) 

JIS-SGP pipe (50A, 80A, 250A) JIS-250A flange fitting (10K) x 1, JIS-80A flange fitting (10K) x 2, pressure 

gauge over 4, temperature gauge 1, 50A ball valve (lever) x 2, 80A ball valve (lever). 

For deck inspection: 

Walkway width 1,000mm 

Skeleton staircase (Full width 700mm (effective width 600mm), step depth 240mm, Kick up height 227mm, 

slope degree of ～40 degrees) 

 

Survey/Inspection Items: 

(1) Pressure gauge (P1, P4): two types of ranges prepared, 1.0 and 1.6 MPa. The installation height is 

～500mm from the floor and ～1500mm from the inspection walkway. 

(2) Handle maneuvering (P1, P4)：opening/closing water and fuel pipes/pressure adjustment. The 

installation height is ～1500mm from the inspection walkway.  

 

Survey/Inspection Items: 

Pressure power/temperature values: within a ±5% accuracy 

Valve opening/closing angle (lever – 90 degrees) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6.1.8 Medium Size Tank: 4F 

Materials: Steel (Hot-dip galvanized dobbing), radius 1.9m、panel thickness 9mm、height ～5m、spiral 

stage (width 1m) 

Abnormalities: cracks, metal loss 

6.1.8 Large-Size Tank: 3F 

Materials: Steel (Hot-dip galvanized dobbing), radius 2.8m, panel thickness 9mm, height ～5m, spiral 

staircase (width 1m) 

Abnormalities: cracks, metal loss 

 



6.2 Inspection/Adjustment Targets: Overview 

6.2.1 Pressure Gauge 

A JIS B 7505-1 Bourdon Tube Pressure Gauge will be used. The Naganokeiki Co., Ltd. model General 

Industrial Pressure Gauges (General purpose pressure gauge), AC20-181-2000 (Type A / Lower 

connection・φ75), with a measurement range of 0.25, 1.0, 1.6 MPa will be used. 

 

Ex. on the bottom right,  

Manufactured by Seikisha  

General purpose pressure gauge S-31-1MP 

 (Nagano Keiki Co., Ltd.)、長野計器（株） 

http://www.naganokeiki.co.jp/ 

 

 

 

6.2.2 Valves 

Lever Valve: 

KITZ Co., Ltd. model 10K Cast Iron Ball Valve, 10FCTB (50A、80A) 

 

Circle Valve: 

TOMOE VALVE Co., Ltd model Rubber Seated Valve, 700Z-2F (80A) 

 KITZ Co., Ltd. model Class 150 Cast Bronze Gate Valve (bronze gate valve), EBH (80A） 

From the left: Ball Valve, Rubber Seated Valve, Gate Valve 

 

KITZ Corp., http://www.kitz.co.jp/english/ 

TOMOE VALVE CO., LTD., www.tomoevalve.com/english/index-e.html 

 

Reference: Required Torque for Rotation 

(1) Handle ～0.8Nm 

KITZ model, Class 125 Brass Gate Valve FR 1B (25A) 

(2) Lever ～2.0Nm 

KITZ model, Type 600 Brass Ball Valve TK 1B(25A） 

 

 

 

 

http://www.naganokeiki.co.jp/
http://www.kitz.co.jp/english/


6.3 Abnormalities 

Cracks, metal loss 

Reference the appendixes for further details 

On the left: crack test board piece, on the right: metal loss test board piece 

 

Example of an Installed Test Board Piece 

 

6.4 Portable Measuring Devices 

 

Ultrasonic Thickness Gauge（27MG, Olympus） 

https://www.olympus-ims.com/en/27mg/ 

Details on usage will be published separately. For 

further information, reference the User’s Manual 

(27MG_users_manual.pdf). 

 

Dual Element Probe for Thickness Gauge（D799: 

U8450021, Olympus） 

Cable Length: 1.5m，Tip Diameter: 11mm 

 

Details of the probe will be published separately. Please reference the Olympus Ultrasonic Transducer 

Catalog, p. 30. 

https://www.olympus-ims.com/en/27mg/


(Pana_UT_EN_201908_Web.pdf) 

 

Warning: The probe should be pressed perpendicular to the probe surface. 

 

6.5 Road Surface Types 

Concrete, grating, checker plate, step difference 

Pipe crossing ramps (width 900mm, slope 15 deg） 

Plumbing-wall staircase (width 900mm, step depth 150mm(climbing)/200mm (descending), Kick up height 

227.3mm (3 steps), slope of ～56°) 

 

6.6 Debris 

In Missions P4 and P5, there will be debris prepared for the simulated explosion accident. Specifics will be 

kept unpublished. 

 

Reference; the mock pipe debris used in the pre-competition event. 

 

 

6.7 Tunnel Facility 

Tunnel Used in the Challenge 

Structure: Dome shaped, length 50m, road width 6m, inner air section (W8.8m×H6.36m). 

Details on the Structure URL: https://www.fipo.or.jp/robot/en/facility-en/detail#in 

 

(a)Normal Lighting          (b)No light         (c)No light＋car lights 

Tunnel: Lighting Conditions 

 



7. Competition Schedule 

One day for set-up (robot inspection hearing), three days for preliminary competition rounds, 

and one day for the competition finals.  

Rainy weather is expected (water-proof measures for robot and operator console are 

required). 

- The competition area has no walls; Therefore, rain is expected to fall into the area on rainy days. 

- Rain may drip from the upper tier. 

 

Competition Time: 

Preliminaries: Every mission is 30 minutes (5 minutes for setting up, 20 minutes for the mission, 5  

minutes for packing up). 

※P3 and P4 missions are 50 minutes (5 minutes for setting up, 40 minutes for the 

mission, 5 minutes for packing up). 

Finals: 40 minutes (5 minutes for setting up, 30 minutes for the mission, 5 minutes for packing up). 

 

8. Evaluation and Scoring 

The competition points will be the total number of “Mission Points (MP)”, “Advanced Points 

(AP)”, and “Time Points (TP)” for each mission. 

 

8.1 Mission Points (MP): Mission Achievement Level Evaluation 

Every point received from completing missions in the competition during the missions will counts 

as mission points. Mission points are used to assess the level of achievement of each mission. 

 

8.2 Advanced Points (AP): Robot Technology Evaluation 

Teams that demonstrate high-quality technological aptitude will receive Advanced Points. 

Advanced points are awarded for tasks performed during the competition for technologies that have 

been assessed during the robot inspection hearing by the judging panel beforehand. To receive points, 

a demonstration during the hearing and during the competition is required.  

※During the competition, please declare to the judges when beginning the autonomous/automatic 

maneuvering. 

 

Below are some examples: 

(i) The robot is able to carry out autonomous navigation to a designated area/location of 

operation object and patrol. 

(ii) The robot is able to locate and automatically confirm the handle, and autonomously turn 

the handle. 

Regarding environmental resistance, the total scored points are multiplied by a factor 

according to formula (1). If the robot can deal with adverse environments (water/dust proof (IP) 

(Ingress Protection, explosion proof), please submit proof twice: in the application, and during the 

hearing with the judges. 

※ The presence/absence of response aptitude is judged based on submitted proof (certificate of 

accreditation, etc.). 



 

8.3 Time Points (TP): Assessment for Time of Mission Achievement 

Points will be awarded according to the time taken to complete each mission. 

 

8.4 Score Tally and Qualifying Conditions for the Finals 

The total score of the competition consists of competition points multiplied by a coefficient, as 

described in formula (1) – the scoring calculation formula.  

 

Formula (1): Total Score = competition points (MP+AP+TP) x Coefficient (1+α1+α2) 

 

α1=0.5：Ingress Protection (IP64 and over) 

α2=1.0：Explosion Proofing 

 

The points obtained by each team for each mission, normalized by the highest score for the 

mission in question, shall be the ‘procured mission points’ for each team. The preliminary competition 

results (the ranking defined by procured mission points) will decide the 4 teams that will compete in the 

finals.  

 

9. Team Members 

The team members are to be decided and written in the TDP application, with a maximum of 8 people 

allowed to sign up per team. Only team members are allowed to enter the paddock area (team control 

room) and competition area.  

 

The following describes the roles available for each team. 

- Team Leader (1 person):  A member responsible for organizing the team. Appeals against the 

competition results must be made through the team leader. 

- Robot Operator (2 persons): A member that operates the robot. The operators have the right to 

enter the operation area. 

- Network Manager: A member that is in charge of managing the network.   

- Safety Manager: A member that accompanies the robot as it is in motion, and secures the area (1 

person/robot). The member is responsible for the safe operation and safe use of the robot, and is 

attentive that no harm is caused to the environment, equipment, and people (team member, 

audience, judges, etc.). The member is required to wear an arm band to be easily recognizable in 

the field (the arm band will be provided by the competition administration). 

- Assistants: Transport the robot between the paddock areas and the start areas, and between the 

restart and start areas, and after the competition, to assist in clearing the robot back from the 

competition field. 

 

During the competition, the only members permitted to enter the operation field are the team leader 

and the operators. It is possible for members to hold more than one role. Excluding the role of team 

leader, it is also possible to swap roles between missions. 

 



 

10. Competition Robots 

 The robot used in the competition is free to have any shape/form, including but not limited to crawler-

type, drone-type, humanoid-type, legged-type and snake-types. 

 The remote operation and control of the robot can only be performed from the operation area.  

 There is no limit to the number of robots that can be used during the competition. However, the following 

limitations and conditions are to be followed: 

◆ The robot’s projected surface area measurements (direct contact with the ground) cannot exceed 

the total size of the starting area of 1.44 square meters (1.2mx1.2m). In case the robot is a robot 

containing multiple separate robots, the robots may be attached in any way the contestant wishes 

(mounted on the side, or over each other), as long as the projected surface area does not exceed 

the 1.44 squared meters starting area. 

◆ There are no height restrictions. 

◆ The robot may exceed the size limit of 1.44 meters squared once the competition commences. 

 The robot’s total weight must be a maximum of 130kg/robot. 

 Only competition robots and navigation systems that have passed the initial robot inspection hearing 

can be used during the competition. However, drones must demonstrate a separate safety test. Further 

details regarding the robot inspection hearing and drone safety test will be published at a later date. 

 It is permitted to exchange robots in-between missions. However, changing robots during the mission 

is not permitted.  

 It is required to use batteries that have been guaranteed as safe to use. 

 It is required to install an emergency shutdown switch for the robot. 

 The team is required to be prepared to respond in case a robot malfunctions (ignition, etc.). 

 The team is required to adhere to the Radio Law of the competition country (Japan). 

 As a safety measure for traversing stairs, the robot is required to have eye plates and eye bolts installed 

on the robot so that carabiners such as chain blocks and safety belts (lanyard, auto belays) etc. can be 

attached. If a robot does not have these bolts installed, it will not be able to take part in the missions. 

 

Selecting Eye Bolts 

Please be attentive when choosing the eyebolt, as the 

strength of the eyebolt mounted on the robot will be 

required to withstand different pulling direction that may 

range from lifting upward to pulling forward. Please choose 

eye bolts that fulfills the safety requirements, and can 

withstand the robot’s weight in case it topples over. Never 

choose an eyebolt based on the size of the carabiner or shackle provided by the competition 

administration. 

 

 There will be a restricted flight zone for drone (UAV) flying.  

 It is prohibited to repair the robot during the competition. However, it is permitted to mount, 

remove, or change parts (like batteries) as long as the robot is on the starting area. 

 



11. Further Information on Missions 

Mission Completion: 

To complete the mission, follow all the survey/inspection work tasks commanded by the 

Digital Twin System and return to the starting point by the designated time limit.  

 

Declaration of Mission Termination (Renouncing the Mission): 

In the case where a robot is unable to run or the robot has exhausted all its means to gain 

points, the team leader may declare the end of the mission. 

 

Restart: 

The team leader may apply for a restart in case the team leader declares the robot to be unfit 

to continue the mission because of reckless maneuvering or malfunctions.  

In addition, there may be times where, from a safety standpoint, the sub-referee may 

press/call the team to press the emergency shutdown switch. In this case, the referee will permit a 

restart. However, the referee may impose a penalty 2 minutes after the moment the restart was 

approved (all robots are to halt if a shutdown instruction is imposed). 

In the event of a restart, the Safety Manager and Assistants will carry the robot and return it to 

the starting point. The points gained up until the restart will count to the total score. However, all tasks 

before the restart will not be permitted to be attempted again. 

 

Operation Area and Methods to Contact Assistants 

To contact team members that are outside the operation area, you may use a voice 

communication device that is mounted on the robot or use the transceivers that will be prepared by 

the competition administration. In this case, you must communicate only information relevant to the 

competition. When contacting other team members, you must speak in a language comprehensible to 

the judges (English/Japanese). 

 

Dangerous Misconducts: any team that participates/conducts actions described below may result 

in a large reduction in points for the team or team disqualification. 

- Teams/robots are not to interfere in the mission of an opposing team 

- Robots are not to touch intentionally any of the pipework, equipment, unrelated to the competition 

field, or handle the competition equipment/plumbing in a violent matter. 

- Damaging the field that in a way that requires more than 10 minutes of repair time. 

- Any other action defined as dangerous by the judging panel. 

 

Other Warnings: 

- It is prohibited to enter the competition field (mission zones) any time except during the 

designated competition time and test runs.  

- During mission execution, a Safety Manager should accompany the robot in case of unforeseen 

circumstances. 

- Concerns and complaints regarding mission scores and results can be expressed to the judging 

panel through the team leader. 

- Computers for operation purposes need to have an HDMI port. 



 

12. Communication Network 

Every team is to prepare the communication to be used between the operator computer and 

the robot. It is permissible to use wireless and wired communication. Wired LAN outlets (network hubs) 

using the building's LAN facilities are provided on each floor for communication between each floor and 

the operation area. Any devices used in Figure 15 that are not marked in red are to be prepared by the 

teams. The conditions of the communication network (wireless LAN) shall comply with the regulations 

that will be provided separately.  

Depending on the mission, devices that will block/delay the communication network between 

the operator and the robot will be prepared.  

 

 

 

 

13.  

 

 

 

 

 

 

13. Plant Robot Digital Twin System 

In this competition, it is required to install and use the Plant Robot Digital Twin system 

provided by the competition administration. The Digital Twin system commands will be presented on a 

screen prepared by the competition administration. The report on inspection results and task work, the 

robot’s position, and the location information to the Digital Twin will be through the API which will be 

prepared by the competition administration. The Digital Twin System (database) will also be prepared 

by the administration. Special instructions on installing the Plant Robot Digital Twin System, securing 

the API system, and how to report to the Digital Twin system will be provided. 

 

14. Safety Management 

14.1 Responsibilities of the Safety Manager 

Each team will have at least one Safety Manager member. 

 

Figure 15: Network Configuration Figure in Competition 

Operator  

computer 

※The red marked section represents the plant’s internal LAN network system. 

Any network system aside from the red area are to be prepared by the team. 

Robot/drone 

operating 

router 

Robot/drone  

Network Extending 

Structure 



14.2 Robot Design Safety Measures 

The design and built of the robot to be used during the competition must comply with the safety 

measures. The safety measures are not limited to those listed below, and team should consider its own 

precautions for each robot it utilizes. The safety evaluation results should comply with the “(Appendix 

1) Safety Checklist” provided at the end of the rulebook.  

(1) The robot should not exceed the size, weight, and energy use more than it requires. 

(2) The robot does not have any sharp areas that can possibly cut or pierce the finger or any other 

body part. 

(3) The robot’s charging section must not be exposed. 

(4) The robot’s design must take ergonomics into account and not impose extreme loads on the 

operator. 

(5) The robot has a shut-down mechanism in case of a malfunction. The shut-down mechanism 

must be easy to deploy. The robot must have an emergency shutdown switch that complies 

with the emergency shutdown switch standards. The robot must have a mechanism that would 

prevent it from moving when it is rebooted after an emergency or abnormality shutdown. 

14.3 Robot Operation Safety Measures 

Consideration should be given not only to the robot in operation in the competition field, but also to 

all phases of the robot's preparation, adjustment, transport, removal and storage in the paddock, etc. 

The “(Appendix 1) Safety Checklist” shall be filled and submitted to the competition administration. 

(1) Number of persons entering the field shall be limited to the required minimum. 

(2) To start moving the robot, a safety confirmation from the safety manager, as well as permission 

from the operator, are necessary. It is prohibited to maneuver the robot without the safety 

manager’s confirmation. The operator and safety manager are required to have a sign or gesture 

that will indicate startup and shutdown/halt.  

(3) The members that are to enter the competition field (Assistants and Safety Managers) are 

required to wear helmets and any appropriate safety wear. Therefore, please reference 

Appendix 3, prepared by the competition administration, to find further details on required safety 

gear/wear.  

(4) It is required to wear gloves when climbing and descending the stairs in the competition field. 

(5) During robot operation, Safety Officers (who are part of the competition administration) will be 

monitoring the robots in the field and the area, and hold the right and responsibility to halt the 

competition in case any potential danger is identified. In case a situation is declared dangerous, 

the Safety Officer will order the Safety Manager to halt robot operations, and the Safety Manager 

is required to communicate with the operators and halt all operations as quickly as possible.  

 



14.4 Emergency Situation Measures 

To anticipate possible emergency situations, please fill out “(Appendix 2) Handling and Anticipating 

Emergency Situations”. Please submit the form to the administration, and be sure to have all team 

member review the form. It is highly recommended to practice the scenarios before the competition. 

Instruction will be prepared and provided by the competition administration in the case of natural 

disasters or other events that originate outside the competition field.  



（Appendix 1）Safety Checklist 

         Team Name：            

# Check Items ✓ Comments 

Robot Design Safety Measures 

1 The robot should not exceed the size, weight, and 

energy use more than it requires. 

  

2 The robot does not have any sharp areas that can 

possibly cut or pierce the finger or any other body 

part. 

  

3 The robot’s charging section is not be exposed.   

4 The robot’s design takes ergonomics into account 

and does not impose extreme loads on the operator. 

  

5 The robot has a shut-down mechanism in case of a 

malfunction. 

  

6 The robot has a mechanism that would refrain it 

from moving when it is rebooted after an emergency 

or abnormality shutdown. 

  

    

Device Operation Safety Measures 

1 The number of persons entering the field is limited to 

the required minimum. 

  

2 The operator and safety manager have a sign or 

gesture that will indicate startup and shutdown/halt 

of the robot. 

  

3 The required safety gear/wear are decided and 

worn by the members that will be standing in the 

field. 

(helmets are mandatory) 

 【Required Safety 

Gear/Wear】 

protective goggles・

safety shoes・

gloves・face 

shield・other (  ) 



    

 

Safety Manager（Signature） 

 

 

(Appendix 2) Handling and Anticipating Emergency Situations 

          Team Name：            

# Emergency Situation 

Description 

Precautions Procedures in Case of 

Event 

1  

 

 

  

2  

 

 

  

3    

  

 

 

  

  

 

 

  

  

 

 

  

  

 

 

  

  

 

 

  



 

 

Safety Manager（Signature） 

 

 

  



(Appendix 3) Safety Gear/Wear During the Competition 

 

Type of Gear/Wear Role STM 

Challeng

e 

Plant/ 

Tunnel 

Disaster 

Challeng

e 

Example 

Rainproof clothing To improve the work efficiency 

during rainy weather. Wear that 

is for work use or outdoor use is 

recommended 

 〇 

https://workman.jp/shop/

g/g2300067582425/ 

https://www.yodobashi.co

m/product/100000001003

810032/ 

Helmet To protect the head in case of 

toppling, crashing, and falling of 

objects in the competition 

perimeters. Combines 

protection for free fall and 

crashing. 

〇 〇 

https://ec.midori-

anzen.com/shop/e/ef_win

d/ 

https://www.dic-

plas.co.jp/products/helme

t/izano2/index.html 

Safety Goggles 

(Safety guard 

attached to helmet 

is also acceptable) 

To protect the wearer from any 

harm from drone propellers. 

Glasses or sun glasses are 

prone to breakage, therefore are 

not permissible as 

replacements. 

〇 〇 

https://www.monotaro.co

m/g/04616843/# 

https://yk-

yamamoto.co.jp/product/d

etail/1073/ 



Protective Gloves To protect the hands from cuts 

and injuries by drone propellers 

and robots. Use cut-resistant 

gloves (EN388:2016, over cut 

label one).   〇 〇 

https://www.atom-

glove.co.jp/products/list/d

etail?id=733 

Safety Shoes To protect the legs from any 

toppling or objects or falling 

objects in the competition field 

area, please use shoes that are 

non-slip with a tip core. Shoes 

that are waterproof are urged. 

※Please refrain from wearing 

any heels, sandals, sneakers 

with slippery soles,  business 

shoes, etc. in the field area as 

that there is a danger of 

toppling. 

△ 

(recomm

ended) 

△ 

(recomm

ended) 

https://www.asics.com/jp

/ja-

jp/%E3%82%A6%E3%82%

A3%E3%83%B3%E3%82%

B8%E3%83%A7%E3%83%

96%C2%AEcp604-g-tx-

boa%C2%AE-

3e%E7%9B%B8%E5%BD%

93/p/1273A084-001.html 

 

https://www.monotaro.co

m/p/3339/4105/?cq_med

=pla&cq_plt=gp&utm_me

dium=cpc&utm_source=g

oogle&utm_campaign=24

6-833-

4061_20742617160_shop

ping&utm_content=15490

8128346&utm_term=_679

709595039_x_pla-

2380054455039&utm_id=

33394105&gad_source=1

&gclid=CjwKCAiA6t-

6BhA3EiwAltRFGB850Nwl

GW3MD_Ec-

sFYreO_QPN3QjIyrwOSd2

-

GwJuvJhL4ZNoGqxoCxnE

QAvD_BwE 

  



15. Winners 

Team winners will be decided based on the competition descriptions and the ranking. 

The ranking order will be based on the scoring described in Chapter 6. 

 

16. Miscellaneous 

During the competition, adhere to the judges and competition staff. 
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