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We would like to know about general mobility on
different surfaces, climbing/descending stairs.

In the autonomous operation mode, EX ROVR can
overcome a groove of 15cm width and the weir/step
of 15cm height, meaning EX ROVR can travel over
the most of grooves or obstacles at site. In the
remote control operation mode, EX ROVR can climb
over an even higher weir/step (maximum record is
approximately 40cm, climbing ability depends upon
the shape & surface condition of weir/step). EX ROVR
can ascend and descend stairs with vertical angles
from -45° to 45°and slopes with vertical angles from
-10° to 10°.

EX ROVR is designed for 20 degrees of rolling.
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We would like to know about the detection of voids or
holes in walking surfaces. How does it not fall off sides
of walkways or stairs?

EX ROVR can travel across grooves/holes 15cm wide.
If there are holes which EX ROVR cannot overcome,
then the route setting is made to avoid such holes,
or a bridge may be placed across holes so that EX
ROVR can go through. EX ROVR identify its own
location by 3D LiDAR and follow the route set during
the mapping & scenario setting; therefore, the risk of
falling from walkways or stairs is quite low.
However, it is recommended to set wire rope at the
handrail of stairs and walkway as an additional
precaution.

BESRIEED ?

Can EX ROVR move backwards?

BAHCEEMEY -MBEVOTERETEELL. BIRICH
ATNBOEFRIREIRS IS IEEIE

Yes, but it is only recommended for remote
operations mode. Since an obstacle detection
sensor is not equipped on the back side of EX ROVR,
moving backward during autonomous operation is

not recommended.
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On the other hand, a camera is equipped on the front
side and back side of EX ROVR; therefore, moving
backward during the remote operation is possible and
safe.

PSR FIEROESEOZE M ?

How is the sideways stability going up & down stairs?

P ES B PF S (CRIE (CEITE DM ER O (SRS L OFIMEIL TL)
50

EX ROVR system works to ensure it is parallel to the
angle of stairs and on the staircase axis before going
up or down.

EX ROVR (FFEE T BVSFACEIEIER VN ? BRI, 82, 12
FIL=F>T.,
RFGEEFD L TR>ESRDN ?

How does the EX ROVR do on terrain that is not flat?
For instance, how does it perform on sand, gravel,
grating ice, etc.

EX ROVR 0/0-3. 874033 MMRSFR T EiESH D LS(C
SHETLTWS. BRI, JL—F U (IRIRERVEE X BN, FZS5H)
WTEI0-ShE> TEDRVATEE NS D . BRAEE(CDWVTIE
FRARETETVRWN, JO-5TL g 20T, Hig
M. JEE. BE(CHU TIZOSIFERERRICLERTERICRS
EEZTWS,

The EX ROVR's crawler and subcrawler design allow
it to travel over rugged terrain. It has had no issues

with sand, gravel, and grating. It may have issues
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with very soft sand or mud as the crawlers may sink.
The system has not yet been extensively tested on
ice, but its multiple points of contact across a large
surface area

of the ground should provide

advantages on icy, slick, and snowy surfaces.

G

Communication

BREDEREL Be NIB (SRR (C DOEHEER LIV,

We would like to know the controller/tablet delay and
maximum distance.

B (GRERIBORBIRIEBATCIKTF IS, LTE ZAVE
BOEIEFEART 100msec 2E THDIERMFIRIFICSZIE(ER
W LTE MEX 2GS (EIFIRECREBEDOBIKIEBUVN, Fv
D7 & 2B ISHIRN DD I RE (38D

Delay depends on the communication environment
and the location of remote control station. In case
LTE
milliseconds and we have not had any problems

is used, latency is a maximum of 100
during remote operations.

If LTE is available, there is no limitation for the
distance for remote control; however, there may be

restrictions by the carrier depending on the location.

HRMEN=R
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How many hours can EX ROVR operate? EX ROVR can operate up to 2 hours per 2 hour
charge.
B tRERE ATEX & ICEEX FRSEDF e HBIFEEDFREECOVVERRLIZL. | Zonel T B+H; T3 TIREBUS FIE.
Ex Proof EX ROVR OFABRIETERYSNRA—X(SED &5, IRTEHERI
Certifcate (CHEERUBHBREIFEL TLVB,

We would like to know the details around ATEX and
IECEx certification of the robot and the autonomous
charging.

FREBEAT—23VEFIEMFTEZEITHD CENELEC
technical report DERICEEULTVWEENS. FBEAT—13
INIDWTERERNR TIREE Zone 1 TOMRIBERTEIUS T
Eo

EX ROVR will have a Zonel I B+H2 T3 explosion
proof certificate once the testing is successfully
completed.

EX ROVR has been and is being developed in close
cooperation with the certification body to ensure the
qualification process runs smoothly.

The charging station is uses contactless induction and
The
charging station will also have a Zone 1 explosion

complies with the CENELEC technical report.

proof certificate once testing is successfully
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Operation FEIEMSICIKTFI BN, BEE 1 S FUARTECET Z05/[IE

We would like to know the process of conducting an
autonomous round.

2BEE., MERWERES FUASRENMEDNL EXROVR (3
M ESFUA RV B RET 2R . EBEOSFUARTE
WEJRETHD, BB (FRTT1-5-YIMAWTE RS TY
A=UIDEZXEIEE.

First, map creation by 3D LiDAR and scenario setting
are performed by remote control.

While the duration required for mapping & scenario
setting depends on the range and complexity of
autonomous inspection scenario, the nominal
duration is 2 days for 1 scenario.

Once the map is created and the scenario is set, then
EX ROVR performs autonomous inspection based on
that map and scenario.

Several scenarios can be set and scenarios can be
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easily changed by the operator through the software.

BEEGHICEENERRULSEOMIG.

We would like to confirm the countermeasures when
the EX ROVR finds the obstacles during the
autonomous operation.

FRNCERR U RICEFELRVEEYZ)L— b E(SRFUZ
1%Ea. EX ROVR FEEEILETS. HAESVWINEDERIMN
[3%E&. EX ROVR B FUACIRVWBRELRZIR I d. &
£ FOECENS. EX ROVR (FEENTREEY) 2L I 5H(EE
3 B ENERIASTHRUL L TERIRECLIEEY
BB EOIIGEREL. TDEBEBRELICTRIERELTVS,

During the autonomous operation, EX ROVR stops
when it encounters an obstacle which does not exist
in the map.

If the obstacle is removed, then EX ROVR continues
autonomous operation based on the scenario.

For the safety purpose, EX ROVR will not avoid this
obstacle automatically. Instead, a human operator
should check the obstacle remotely through the EX
ROVR’s camera and decide the next step such as
avoiding the obstacle by remote control.

After this routine, EX ROVR will then resume
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autonomous operation.

BEERTDIZE DI ISICDOVTHESRUTZL,

What happens if there is a loss in communications?

BE(4G LTE)EROHEE S FUAZSHTLT EXROVR (338
BAT-2IVICBRTIIET D, SFTIARITHRICEIEULT —
A($ EXROVR (CEIEIND. FTBAT-I3aVImEREIEE
ERTAHRGIL COBIZEIRDSFUAIEITSIR,

In case of loss of communication (4G LTE), the
operating scenario is not impacted and will be
continued and completed. Once EX ROVR returns to
the charging station, the data acquired during the
scenario is contained onboard EX ROVR and can then
be uploaded if a reconnection is made at that
location.

If loss of communication still continues after return
to the charging station, then execution of next
scenario is suspended until the connection is re-
established.

SHIAREDERICHIPR(EH DN ?

Are there any limitations to the number of

HIPR (LR,

There are no limitations for the number of scenarios.
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autonomous
scheduled?

rounds that can be designed or

EROVR WS HIAEITRISLLUIZEOM S ?

What is the countermeasure when the EX ROVR stops
its operations during the scenario execution?

ARV =G —=(CT 53— LHRU AR =5 — MR =TT,

Alarm is sent to the human operator, and then the
human operator can respond to the situation.

HOBERS S F)ARRIE ICH B RBFRE(L ?

How long does it take to create a scenario?

SHIADEMS(CEL DN iR 2 BIEE

It depends on the complexity of the scenario. The
nominal duration is two days per scenario.

J-IBFOBIRMEL?

What is the repeatability of the process of the camera
acquiring gauge images?

BIRME 100%TERHEVD, SEERENASCLDNASAIED
RNIEZH/N\—TES,

While the process is not 100% identical every time,
EX ROVR’s high-resolution camera allows for a highly
repeatable process and room for tolerance in the
positioning of the camera.

EX ROVR ($RFTAZFR TEMATRIEED ?

3 D-Lidar OfE<EEHE(ICEMSNEHITEIRE. BEINET
NIFEEZRY—D—ZHOT 3.
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Can EX ROVR travel autonomously in a wide-open
area?

Yes, as long as there are landmarks within the range
of 3D-LiDAR. If there is no landmark, then simple
markers can be placed.

Ei5

Environment

HEEHRERFIC EX ROVR (JEATIEED ?

Can EX ROVR handle snow and ice?

EASRRE L THNIE EX ROVR FREEVRENEITHE
BROJRE. PEERPRO-J(CREPESHGDIHECIBEN
BEIN2B. BOLEDHIEOEENME, . RN-RSE
Di5E(F 3D LIDAR OL—YEHTPRHFMEE. RVMESOD
e BAIERRLIBEIEYT)LAA LD 3 D-LIDAR T —4(CHR
HENVED., B CAIBYE TSROV EIEEMES®D,

EX ROVR can operate on a flat floor even with snow
and ice.

When there is ice or snow on stairs or slopes and
slippage is a concern, then the attachment of a high-
friction surface on the edge of stairs or on slopes
would help to avoid the slippage.

In case of heavy rain or snow, laser of 3D LiDAR may
be diffused or reflected.

In case of heavily accumulated snow, identification of
its own location may be difficult due to the difference
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between the map and 3D LiDAR live data under this
extreme condition.

MR TEATBIRED ? AXSDKTEXIRIE ?

Can EX ROVR operate in the rain?
Are there any countermeasures against water droplets
on the camera?

SM Tl 3D-Lidar OL—Y W B RET 9 3458 EESRNEHL
WHYD 2 ORRIE IS RIBE .
KA ERELU CIHEERE (CLATEHASNEEDZHEL TS,

EX ROVR can operate in light rain. In case of heavy
rain, the 3D LiDAR system could have issues with
laser diffusion or reflection and autonomous
operation may not be possible.

As a countermeasure against the aqueous water
droplet, periodic wiping by a human operator is

recommended.

BESTE YD ?

What is the resistance to direct sunlight?

EEFR(CES A ZRIITORERNEE D, AT —23> Tk
HUTEST A ZRIBDFHERTEIRVDT, AT —232 05
BEISPTEBRICUTIRERZ, IR I 2B RO E RS
(CLB.

Operation in direct sunlight is typically no issue.
Continuous exposure to direct sunlight for an
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extended duration at the charging station is
undesirable; it is recommended that the station is
located in a shaded area. Camera image capturing
may be affected by direct sunlight depending on
angle and intensity.

M ?

What is EX ROVR'’s resistance to salt?

BT EEHBOTHEBRV. BmE7ILINZ0N, 7L
NA MLEZEREL TWSD T, HEEHERDRVNEE XS,

Moving parts are completely sealed and there is no
concern. Most parts are made of aluminum with
alumite treatment, so function can be maintained

even when exposed to salt.

voy-
Sensors

REBETOHASE Lidar OIRANERE(CDOWTHERRLIZL.

We would like to know camera/LIDAR capabilities
especially in low light conditions

3D Lidar EBVBHRDAS(HEVBE T THI%EET 3,
NZ5EIRICERDH32 FHD AXS(CE D REBENARETH.,
N 5im(CBREAZ DI 3 (R AIBER) 200lux@1m).

3D LIiDAR and the thermal imaging infrared camera
will function even in low light conditions. The
manipulator FHD camera requires sufficient lighting
to capture images properly. Currently, the plan is to
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place an optional lighting system (Approximately 200
lux at 1m) on the edge of the manipulator.

st R ERDDERREHRER M T — FIBIEIC DV THERELIZ L),

Does EX ROVR have image recognition ability such as
reading gauges and data communication?

NSO NASFETERCIEX (AT THR-K) LTRRT 3.
TEANEEALICETDREHRED FHD MXSIRFZESRNE
KendENS. BEE, Gen. 2.0 BARRT DY EHRIULIERE
BEZEIBVN TIHINEETIEOYIMD Al (CLIEEES
HITEHEREZD ST RTENN T BETE,

It is important for the camera to point directly at the
gauge (Al support is considered) to ensure sufficient
image resolution for the digitalization of the camera
image.

Gen. 2.0 EX ROVR itself will not have an onboard
ability for digitalization of camera image data. The
plan is to perform this via software in the cloud.

BBEFOATOMHRECDWTHESRLIZL.

We would like to know the thermal imaging capability.

H50 X V40 °, =& ~ #1500 C, #E(3#9 10 C (&
)

H50 X V40 °, ambient temperature ~ approx.
500 °C, accuracy approx. 10 °C. (To be fixed later)
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We would like to know the gas detection sensors and | Combustible Gas, Oxygen, Hydrogen Sulfide, Carbon
capabilities. Monoxide detector. It is diffusion type gas sensor.
BET-HORS - BEREEBEHIECOVTHEERLI L, oIS NOIEERE ET 527y 0—- K93,
Al (CLREFEHITEREEL Gen.2.0 HET T&I7YRGEN
EEE
Does EX ROVR have the ability to sense and monitor | Sound data within the zone of audibility will be
acoustic sound data to detect anomalies? recorded and uploaded without compression.
Anomaly detection by AI will be added to the
system’s capabilities and will be performed in the
cloud after the development of Gen. 2.0 is
completed.
T =R RS TEDLSIRTSYNTA— L ETOT -2 TS | Gen. 2.0 EX ROVR (37—4 (FItRBMER. ZMEHR. . HX

hEEELIZL,

RE) 2BUSLIIIRCTYI0- R, EHi%T 53 Al (24D
759K LTRSS, Gen. 2.0 EX ROVR BFETT TH#IC
IR Al ZHE8UEREHIERIREC T 25TE, 5D NFIA
I BETORY MAKROBIRERE(CRFE 2 5 X R HEREHLER
aJEE,
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What kind of data analytics are being utilized today on | Gen. 2.0 EX ROVR obtains environmental data

the platform? (visible image, thermal image, sounds, gas
concentration, etc.) and then uploads it to the cloud
where data analytics will then be performed via Al.
The concept is to add Al in the cloud after the
development of Gen. 2.0 EX ROVR for anomaly
detection.
Since this is a cloud software update, this allows the
flexibility to expand the function without requiring
the revision of explosion proof certificate.

T=AEDBRETZBIC. TINTYNT = EDLEEDT S | 1A SAT LAY TS/ -LORHRAZIERLTHD, Oy~ -4EE

WITZYRTA— LERET BETEIEHDN ? D327 L\ZBIFEOTOCREIHS AT AERET 2B 2E X T
2o

How are you integrating the output information to the | We are working with an Information Architecture

broader digital platform, making that data available | system supplier to integrate the robot /data

and useful? management system with the existing process
control system.

YZE1L—4- YZE1L—A—CDVWTHERRLIZL, I\ RZEBRWT) 6 BHY_E 1L —49—(CEDBERRIRIEMZ S
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We would like to know the detail of manipulator.

D, N\UREATZ3Y,

The 6-axis manipulator (without gripper) enables the
maneuvering dexterity. Gripper can be added as an
option.

Detail is shown below.

Fsggﬂ-‘ Joint Angle of Reference
& A \ Reference Type rotation Position
2 =% point Angle
\\/ WI1W2E
E2 w2 0°
W1 P

§
2

“ Rotation +90°
Pivot +90°

I
E1

3i(g

380mm

Payload (including E2 Rotation #90° 0°
A S mass of hand and
a camera) E1 Pivot 0-180° 55°

Reference S2 Pivot +90° 0°

configurati . B

on S1 Rotation *180 0
Payload 6.6 Ibs (3.0kg) At reference point on reference configuration
Speed 0.33 fps (100mm/sec) At reference point on reference configuration,

horizontal and vertical

Control of each axis or control of ' Remote control or autonomous scenario control
the pose of manipulator * When control the pose of manipulator, attention is
needed to avoid singular point of manipulator.

Control Mode

At reference point on reference configuration,
without electrical termination.

Point Approx. £ 1mm
repeatability

Representative S2-E1 : 1.25ft (380mm)

dimensions E1-W1 : 1.64ft (500mm)

(TBD) W1-mechanical interface flange:
P 0.16ft (50mm)

NZEalL—5—-TUMRIWSEZEN BT EED ?

YZE1L—-5-0%iRE 3kg. IERFLENRG> DORIFEZTR
ELTWS, BR—NEEZEX (UL TIRELEIEEEE I TL
50
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What kind of operations can be performed by the | The arm can carry a payload of up to 3 kg at the
manipulator? referenced position. The arm will also be able to push
certain emergency switches and manipulate certain
valves through the use of a support device.
FFEDIRL EXROVR (FIRTEECTERENTOLINHERZLIZL, JORIMT (Gen. 1.5) [FRE=ZTHANTHEAINTHD.

Where is EX ROVR being used today?

VIR —A>9-T1-20O7YTT L~ ReEh+,
SKEEHE (Gen. 2.0) (IMARGEERPETHD 2021 € 3 AIC
BUFTER T E . TORBIBIRETOLRICAS,

The prototype (Gen. 1.5) is currently being used in
the MHI shop for the upgrading and finalization of
software and user interface.

Regarding Gen. 2.0 demonstration, materials are
being procured and manufacturing will be completed
in March 2021. The demonstration unit will be used
to complete the explosion proof certification process.

EXROVR OSEDETEICDWTHEERUIZL .

2022 FHH)IC Gen.2.0 DFRFET T, TORI-Y-DYAh
T POC ZZHtUTzW,
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What are the future plans for EX ROVR?

Once the Generation 2.0 EX ROVR is commercialized
in early 2022, we would like to propose proof-of-
concept testing at operators’ sites.

HESREETHEEI DNMEFRLL,

Are any EX ROVRs in production currently?

JOMI1T(Gen. 1.5)F—EHINNEHARETHO TR
T, 2021 F 3 RISSEHEN TSRS DTN ERIERIR
ERATHORETIFE, POC ADEH(E 2022 FH)B)CHE
B TE3.

We have one prototype (Gen. 1.5) but it is used for
the development process and is not a commercialized
product. A demonstration unit of Gen. 2.0 will be
completed in March 2021 but it is for the explosion
proof certification process and is not considered a
commercialized product. The commercialized Gen.
2.0 EX ROVR will be ready in early 2022.

A%
ATFUR

EX ROVR OMAMENKIDGEW, MIESET AN ANIA
TSRS NSO, AT T ADERZHDE,

What is the reliability of the EX ROVR? (How many

JOMATTE5RHE 2,000 FFREHEERL TLVB,
FEFFFE(E 100 B EEFEL THDE FUZEFEN.
AT FACE I BHIRNDETEZRITRT

Prototype (Gen 1.5) has an operating record of
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hours of testing etc.) .
We would like to know if there is a concerns or issues
for reliability. Also we would like to know the

requirement of periodic maintenance.

approximately 2,000 hours
Testing of the stair climbing ability (both up and
down) has been conducted for more than 100 times
by using the prototype resulting in no conditions
where the robot has fallen.

The preliminary maintenance plan is shown as below.
EX ROVR / Expected Maintenance Interval

1 Every half a 2 days + Visual inspection (Robot body, Glass parts cleanliness,  On-
year (inspection w/o Crawler belt, Manipulator wirc, Cablcs, ctc.) Site
disassembling) + Crawler/Manipulator Drive motor (Motor current, Noise,
efc
¥ Main body airlightness
¥ Proper sensing operation (Cameras, Sensors, etc.)
+ Battery performance (Charging/Operation time)
 Charging station mechanical performance (Bottom
rollers, Contact cylinder)

¥ Parts replacement Shop
- Airtight sealing of EX ROVR and Charging station
- Main/Sub crawler belts
- Manipulator wire
+ Oulside delerioraled cables and anlennas

2 Every year 5 days
(inspection and
maintenance w/ parts
small disassembling
and replacement)

¥ Gas detector calibration
v Flameproof casing check (Camera case, microphone
case, battery case, etc.)

3 Every two 10 days v Parts replacement Shop.
ycars (inspection and - Glass parts (Camera casc, Lidar casc, ctc/)
maintenance w/ parts - Battery
- Charging station rollers
v Drive unil overhauling

disassembling and
parls replacerment)

(Remark)
Item/Interval of each maintenance may differed according fo actual condition, environment, operation, etc.

T3> MOEER B (T T B EZEN RIS ?

HREPES7EL(CERIRIIF—2EHUIR 5T Z =L T
B0, T3> MOEEL B (CRZIBIA -2 5 ZBVEFHEL TV
50
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What is the countermeasure to avoid the collision of
EX ROVR to plant equipment or with a human
operator.

Collision energy is calculated based on the traveling
speed and weight of EX ROVR, and a risk assessment
is performed during scenario setting.  Serious
damage to the plant or human operator is not a

concern during normal operations.




