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of Fukushima Daiichi Nuclear Power Station



The Great Eastern Japan Earthquake and the Tsunami

Earthquake
Å14:46, Mar 11, 2011
ÅMagnitude: M9.0
ÅMaximum Seismic 
 Intensity Scale: 7

Seismic Center: 

 130Km away from Sanriku Coast

 24Km deep

Dead: 15900

Missing: 2520

(at Feb. 29, 2024)

FYI Hanshin-Awaji Earthquake, 1995
    M7.3      Dead and Missing: 6437

Tsunami
Å30-60 min after
ÅMaximum Wave Height: 40.5[m]
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Accident of Fukushima Daiichi Nuclear Power Station

¸ Earthquake (14:47) 
¸ Loss of Power Supply
¸ Activation of Emergency Diesel 

Generator
¸ SCRAM

Stop Reactors

¸ Tsunami 
¸ Damage of Fuel Tanks and 

Generators
¸ SBO (Station Black Out) (15:39)
¸ Failure of Cooling System of Reactors 

and Fuel Storage Pool
¸ Loss of Cooling Water
¸ Melt down
¸ Hydrogen Explosion (Mar. 12-15, Unit 

1, 3, 4)  

Fukushima Daiichi Nuclear Power Station

Seismic Center
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Current Situation of 4 Units

https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/mp202401.pdf

Spent Fuel and New Fuel in Spent Fuel Pool

Fuel Debris (Melt-down Fuel) Jan. 25, 2024



Mid-and-long-Term Roadmap Summary
(TEPCO)
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Needs (Tasks) for Remote Technology

ÅWater injection
ÅRemoval and transportation of rubbles, fuels (including 

fuel debris), and contaminated water, etc. (Cutting, 
suction, handling)

Å Investigation, measurement, and mapping (images, 
radiation, etc.)

ÅSampling (dust, contaminated water, concrete core, fuel 
debris, etc.)

ÅDecontamination and Shielding
ÅFixing of contaminated water leakages
ÅHandling, transportation, removal, setup of devices, 

instruments, equipments, etc.
ÅWaste and contaminated water management
ÅDismantling of facilities
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Robots newly developed for Investigation of inside PCV

7

Investigation of inside the pedestal (Unit 3)

Two types of shape -changing, remote -controlled, crawler robots for investigation

Investigation of outside the pedestal (Unit 1)

When driving 
the narrow part

Advancing 
direction

Crawlers 
(two 
units)Camera for guide pipe 

advancement

During 
investigation

Thermometer

Dosimeter

Camera for 
investigation

Shape changing

CRD rail

During investigation

Investigation of inside the pedestal (Unit 2)

During investigation

During 
investigation

Additional 
lighting

Rear camera and 
lighting

Crawler

Front camera and lighting

Hanging camera 
  on extension rod
(Telescopic type)

Front 
camera

Light

Up-down 
thruster

Driving 
thruster

Small ROV
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Visualization of PCV pedestal of Unit 2
2019.2.28 TEPCO
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Putzmeister

Concrete Pump Truck

iRobot Packbot

Honeywell

T-HAWK

QinetiQ Talon

QinetiQ Bob Cat

Brokk-90

Brokk-330

iRobot Warrior

Pentek Moose

Remotely controlled machines utilized for
the response of accident of nuclear power plant

(Foreign Machines)

iRobot Kobra Createc RISER
Firstlook

Tensile Truss
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ROV

FRIGO-MA

Survey Runner

ASTACO-SORA

Quince 2 Quince 3 JAEA-3Quince

Sakura

Rosemary

Manipulator

MEISTeR

UUV

Underwater Floor
Mobile Robot

Remotely Controlled 
Construction Machines

Remotely controlled machines utilized for
the response of accident of nuclear power plant

(Domestic Machines)

Robot for 
Decontamination

Inspection Robot
Of upper part of S/C

Water Surface
Inspection Robot

Quadruped Robot 
& Inspection Robot 

Inspection robot 
for high location

Robot for Measurement
of S/C Water Level

PMORPH Mini ROV

Inspection Robot for
Lower part of S/C

Scorpion Robot
Transform

Arounder

Stack Demolition RobotActive Scope Camera
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Trial Retrieval of Fuel Debris in PCV of unit 2
(Fall 2022, IRID & TEPCO)

Hajime Asama

Telescopic arm

Horizontal offset

wrist

Short wand Length: 18 [m] (except for the wand)

Weight: 4.6 [t]

Payload: 10 [kg]
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Transform

Lessons learned

Unrecoverable Robots
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Factors of failures

ÅDirect factors

ïCommunication failures

ïMisoperation

ïMalfunctions by radiation

ÅOther factors

ïPrototypes (not products)

ïUnknown environment
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Measures for Direct Factors

ÅCommunication failures

ïCombination of wired & wireless communication

ï Implementation of wireless com. infrastructure

ÅMisoperation

ïTraining

ï Improvements of Human Interface (situation awareness)

ÅMalfunctions by radiation

ïRad-hardened devices, mechanical systems (not use semi-
conductor)

ïDesign of robust systems

ïRedundant and functionally degradable
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Bird-eye View
ÅRobot visualization method using third person view
ïBird-eye view (third person view) are virtually created 

from four fish -eye (wide FOV) cameras on the robot.

ïWe can easily understand the relation between the robot 
and the surrounding environment only from one bird -eye 
view image.

Create VIRTUAL
Bird-eye view image

Operator

Fish-eye camera

Fish-eye         Bird -eye

Robot

Fish-eye camera
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Bird-eye View
ÅReal-time visualization from top view using 

image processing technique.

Maze- like environment



Teleoperation of Robot Using Arbitrary Bird-eye View 

Third Person View Using Multiple Cameras
̔ Robot visualization method using third person view without 

    external cameras
̔ Bird-eye view (third person view) are virtually created from

    multiple wide-FOV (fish-eye) cameras equipped on the robot

Teleoperated robot Concept of proposed method

3D reconstruction of surrounding environment is required



Teleoperation of Robot Using Bird-eye View 

3D Reconstruction of Indoor Environment Using LRF
̔ Using assumption that walls are perpendicular to floor

̔ LRF is used to measure distance between robot and walls

Visualize in real-time: 25 fpsˢ=0.04 sˣ Vaio Z Core i7-6567U
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Measures for Direct Factors

ÅCommunication failures
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Keiji Nagatani, Seiga Kiribayashi, Yoshito Okada, Kazuki Otake, Kazuya Yoshida. Satoshi Tadokoro, Takeshi Nishimura, Tomoaki 
Yoshida, Eiji Koyanagi, Mineo Fukushima, Shinji Kawatsuma, "Emergency Response to the Nuclear Accident at the Fukushima 
Daiichi Nuclear Power Plants using Mobile Rescue Robots", Journal of Field Robotics, Volume 30, Issue 1, pp. 44-63, (2013)

Irradiation Test of Devices used in Quince



Gamma irradiation experiment

2016/4/5

23

üThe gamma irradiation was conducted in the 

Technology Development Center of ATOX Co., Ltd. 

Fish-eye cameras

500 mm
50°

Radiation 
source

Radiation source ṕ #ÏṖ

Cameraể

600 mm

600 mm

CameraỄ

Cameraễ
CameraỆ

800 mm

Box made with 
aluminum frames

Experimental environment Experimental layout seen from above

Camera model : AXIS M3007-PV



Gamma irradiation experiment : Movie

2016/4/5

24

Bird's -eye view

üAfter 23 min irradiation
Cameraể

ṕmalfunction after 
23 minutes ṖCamera

Ễ

Cameraễ CameraỆ

Bird's -eye view generation

corresponding to 

camera malfunction



Gamma irradiation experiment : Result(1)

2016/4/5

25

üCamera 1 malfunctioned after 23 min irradiation ṕIntegral dose: 192.1 GyṖ

CameraểCameraỄ

CameraễCameraỆ

üCamera 2 malfunctioned after 54 min irradiation ṕIntegral dose: 141.3 GyṖ

4 cameras Camera 1
malfunctioned

Proposed method

3 cameras Camera 2
malfunctioned

Proposed method

Camera
Ễ

CameraễCameraỆ



Gamma irradiation experiment : Result(2)

2016/4/5

26

üCamera 4 malfunctioned after 82 min irradiation ṕIntegral dose: 224.1 GyṖ

CameraễCameraỆ

üCamera 3 malfunctioned after 94 min irradiation ṕIntegral dose: 162.9 GyṖ

2 cameras Camera 4
malfunctioned

Proposed method

Cameraễ
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Measures for Other Factors

ÅPrototypes (not products)

ïRisk assessment for failures

ïTesting

ÅUnknown environment

ïAdvance investigation

ïAssumption of various situation
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Test fields and Mockup facilities



JAEA Naraha Center 
for Remote Control Technology Development

7 Water pool

Test assembly (1/8 cut) : IRID

Mock-up staircase
Motion capture camera

Test building

(W60m× D80m× H40m)
Research 

management 

building

Robot Simulator

Virtual Reality System

Demonstration test area for the technique to repair a water leakage at the PCV and 
development and demonstration test area for the remote controlled devices are 
prepared in Test building 

Å Facilities


