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1. Introduction

This document is one difiree that will help operators to use theEExR2 robots safely and
effectively.

A ExR2 and Docking StatioBperating Instructions
A ExR2 RobotOperating Guide.
A ExR2 Robot Deploymen(Quick StartfGuice.

All of these documents and some explanatory videos can be downloadefoeynloads |
ExRobotics

The instructionsfocus on the safedeployment operationand servicingf robotsand docking

stations Theguides provideadditional information about robosystemsandtheir use.The guides

doy tQisuallyreplicateimportantA Y F 2 NY' I G A2y (K|l @Q@a ANV Al K& aSya i N
users read and undstand the instructionsL ¥ G KSNXQa | O2y Ft A00 06Si(sS:
instructions will always preail.

Thisoperating guide

A Describes each key part of the robot system:
0 Robots.
o Control stations that are used tmmmunicate withthe robot.
o Dockingdt i A2ya GKFG NBOKINHBHS GKS NRo2GaQ ol ¢
o Cloud software that enables users to interact with robots.
o Object detection and avoidance.
A Explains how to seip autonomous missions
A Recommends how robot operatives should be trained.
A Provides advice for operiaig robots.

Theguidewill be updatedand made available toobot fleet managersnd first line supporas new
robot hardware and software is deployed.
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2. Robots

EXR2 robots are assembled frommnumber ofmodulesmounted on a skeleton that is clad in sheet
steel Many of these modules are optiondlhe full range of modules is identified in Hexlad and
uncladpictures.More detailed pbot specifications are included in Sectibf

Emergency stop Panning inspection module or Pan Tilt Zoom module

switch ;
, _-'/ , «—— Antenna

On-off switch

Lidar module

Nameplate
with operating
parameters
Track guard
Microphone
HP induction charger Handholds for lifting
Extra inspection module Antenna Elevating mast and drive module
or drive camera module /
Communications r
module
N\ Drive camera module

Power socket

Det-Tronics

Drive module acoustic analyser

Electronics box

Space for speaker and/or Battery pack

gas detectors:

Honeywell 3000 Mk 11
Honeywell Sensepoint XRL
Simtronics GD10-P00

lon Science Falco 1.1 Extra inspection module
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The only controls mountedn each robot are the red emergency stop switch and the black on/off
switch

A When the red emergency stop switch is pressed downwards it immobilises the drive motors.
The robot cg te driven until the switch is released by rotating it and letting itrsgpri
upwards.

A2KSy (GKS o0ftl O]l asAl00OK Aa NRGIFIGSR FyGaaof 2019
components (except some circuits in the electronics box) is-sfiut

A When theemergency stop switch is released and the robawitched onthe robot is held in
position by its motors.

A When the emergency stop switch is pressed down and/or the robot is switchgithefs <no
power to the motorssothe robot moves freely. This mans it will roll down a slope under the
influence of gravity.

3. Control Stations% Communication

Customers are responsible for providing control statiddysdefaul, robots are controlled with a:

A PCwith a screen resolution of at lea$820 x 108@&nd Googt Chromeor Microsoft Edge
A Xbox gmepadfor drivingthe robot.
A M2dzaS 2NJ GNI O1 LI R F2NJ 2LISNFaGAy3d GKS OdzNE 2 NJ

Shoulda customerprefer to control thér robots with ctabletst (without gamepad)they should
perform a riskassessment because there will be no physecaérgency stop on the control station.
In the near future customers will then be ableadapt the user interface for use with tablets
However,at the moment they should contact their account manager.

L { Q artari tifdt.ihere are no intrusive firewalls between tlwontrol stationandthe cloud
software(see below).

Port Protocol IP
3478 UDP Will be given to you by Energy Robotics

Robots transfer data and receive instructions via wirefesgtsvorks This might be a public 4G
network, a private 4G network, or a WiFi networkey also have a sharange WiFi network that
can be used to correct faults if the main communications network #@snetworks are secured
using VPN technology.

The wreless network will connect the robot to a serwghich might be a private serveor a service
provided by a third party company suchAasnazon (AWS) or Microsoft (Azure). This sewithost
the cloud software (see Section &)d transfer data to other servers.
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4. Docking Station& Charging

Arobot automatically charges itsalsingthe induction charger built into its docking statioh can

also autonomously dock and undock as desctiimeSection 7If the robot is being remotely

controlled,i KS 2 LISNY 6AGPS aK2dzZ R I LIIINRBF OK (GKS R201AY:Z
directionshownin the picture below. Provided the robot is reasonably straight and central when
approaching the dekingstation,the robot will automaticallyalignthe inductioncharging plates

using the plastic strips under its hullo facilitate robot alignmenthe robot should approach the

docking station in a straight line fat least 3 metersOnce the front& G KS NR o2 0 Qa Kdz
against the front of the docking station the operative should stop driving forwards and switch off

the motors by pressing the red button on the gamepad.

AL 4 A X

hyO0S (KS AyRdzOGA2Yy OKI NASNI A4 KONBXFAESR2 ESRS 2
software will be checked. Hovering the cursor over the charging box will reveal the charging
current. It takes approximately 8 hours to recharge a battery pack from 10% to 90% charge.

Whenthe robot isfully docked iwilld 3 2 (i 2andbégid ® kharge using thieductioncharger.
There can be a delay op to 120 second$efore this happensWhen the robot is aslegmany of
its components are switched off to reduce power consumption and spéeagging. Howeve

A The gas detectors remain o thati KS&@ R2y QG ySSR (2 aél N dzLX¥
next mission.
A It continues to communicate so that it can quickly be woken up.

The docking station should be powered up at all tirs@secharging ms be disrupted i §1 Q

switched orwhenthe robotQareadydocked. Alsoi Qa o6Said y24 G2 agAiOK 2
black On/Off switch) when the robot is in the docking station sincetdligan disrupt charging. If

this happens pull the robot 3@t back and switch it off and on again.
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2 KSYy | RNX gWake @groékdeé rabotividles stréams will typically appear within 1
minute. The robot is then ready to use

A power sockemodule(when fitted) enablsthe robot to be chargedvithin 4 hours. This requires

the robot to be manually plugged into a power supp$ing aquickchargerthatQ a & dzLJLJX A SR ¢
socket.The quickOK I NA SN A& f S| R A &f thé ®hdhisibckeydu stwouldfirSti S NR  f
switch off power to the induction chargeWhen inserting the quickharge plugrotate the enire

body clockwise before tightening the ring around its hagau can check the status of the charging

using the LEDs and instructions on the quick chafj@s video provides more detail
https://exrobotics.global/media/uploads/mp4/5/8/58 _instructiohow-to-connectthe-quick

charger.mp4

5. LiDARBasedNavigation Object Detection andObjectAvoidance

EXR2 robots are usuallgupplied with a LIDAR module. Thsst the heart of autonomous
navigation (see Section 7,4bject detection (which also works during remote controlled missions)
and objectavoidance

LGQ& dza ST dzZ § 2LiDidg WokblBeiore peRornkng missioliGSans the
environment around the robot as indicated in tliggram.

Range 20 to 30m Range 20 to 30m
3 ’,A 8 e AN 2
| | ' —"] r U U iy
v 0.85m ik
( I D O ‘
At
Range 20 to 30m = = Range 20 to 30m
OO0 g
1L I [
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The LIDAR is tilted down towards the front of the robot so that it can detect the grolosd b the
robot inits usual direction of travel.

The tilted LIDARIso means that it can see higher objects behind the raleot can build 88D
modelof the surroundingsvith more relief than a horizontally mounted LiDARe robot builds
this model as iperformsits firstremote controlledmissian. Therobot then uses thisnodelto
navigate during subsequent autonomous missions.

ENERGY
ROBOTICS

Sometimes there might be temporaitgms in the surroundings, e.g. people, cars or scaffolding.

These should be minimised as far as possible because they will be incorporated into the 3D model.

However provided there arg’ Qod many temporary items the robot will still be able to localise
position using the other information in the map.

Temporary items do not affedbject detection and avoidance because these functions are based

on liveLiDARJata that is gathered during the ongoing missiblowever, it should be remembered
that collision detection and avoidanceyifperfect. The following conditionsan hamper

performance

Condition Description Potential workarounds

Drop-offs Drop-offs are more difficult to detect than | Drop-offs are usually
obstacles because if the ground is very permanent features and @
reflective (forinstance in heavy rain) there | very serious if the robot drops
might be false positives and steep downwa| from a height. Robot routes
ramps cannot be reliably distinguished fron should avoid drogoffs or
drop-offs using LIDAR alone. barriers should be erected

around them.
Upwards The robot will usually interpret these ramps| Contact your account managel
ramps as an obstacle and stop. to see if the software can be

adjusted

Narrow gaps

The robot is designed to navigate 1 meter
wide gaps. Howevesome conditions might
prevent this and/orcustomers may wish to
navigatenarrower gaps.

Contact your account managet
to see if the software can be
adjusted.

Thin and small
obstaclessuch
asvertical

pipes.

Avoidance is optimised to avoid collisions
with a variety of objects. Very small objects
are not considere@s increased sensitivity
increases thdikelihood of falsepositive
avoidance.

L¥ G KSNXdigion| N
choose a differentoute or
enclose such items in a larger
G02E¢®

Avoid leaving small, temporary
AGSya 2y GKS N

Sharp turns

The LIDAR cannot see lobjectsto the side
of the robot.If the robot turns sheply and
the object is within 0.85m of the front of the
robot it may not be detected.

Take this into account when
planning robot routesAvoid
leaving low, temporary items
near sharp turns.
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Reversing The LIDAR cannot detect objects lower tha| Only reverse over short
0.5m behind the robot Yy R K S NB Q distances over which the robot
spot behind the panning inspection module| has recently driven forwards.
Overhead The LIDAR might not detect low items that | Keep robot routes clear of sucl
obstacles are close to the roboénd that might hit tie | items.
panning inspection module. This is especia
significantduring sharp turnsnd for thin
overhead items like cables.
Shiny and low | The Ex enclosure of the LIDAR causes Paint or cover these items.
reflection significantattenuation which means shiny | Avoid leaving shiny, temporary
items. and low reflective objects might be AGSya 2y GKS N
detectable only close to the robot
Rainsteam |¢KSaS gAff 20aid NHzOG | Do notperform missions in
and snow Localisation and object detection will be leg these conditionor provide
effective. remote supervision of the
mission by a human.
Clear materialg LiDAR will not deteatbjects like glass doors| Facilities seldom contain such
items.
High contrast | The LIDAR is not affected by light in the
environmens | visible range.
& inadequate
lighting
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6. Cloud Software

7

Robotsare2 LISNJ} G SR 'y R RIFGF A a Adesdid giatied aRdesdrbedynd K S
Section8.2. Sixtypes of screens are available as described below.

6.1. Fleet Managementind FleetStatus
Fleet Managemenis the first screen that appears wheseislog on. Itallowsthemto connectto
anyrobotto whicK U K Beénpggasted accesScrollingdown revealsmore robots

Navigation menu Robot serial number Hibernating robot with time User menu
until it next wakes up (including log off)

s Fleet Management 2

ENERGY ROBOTICS

ock

(1<

(LIl <<

a

[<Cic]<]

Click here to connect Fully charged robot Click here to see this
to this robot that is awake robot’s mission reports

A~

TheHReet Satusscreen(see belowh & | OOS & a SR avigadnmerigA M D28y (12K & F
left of the fleet management screen.
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Fleet Status 2

Red or Yellow
circle indicates
there’s an issue
with the robot.
Clicking on the
circle reveals the
type of issue.

DEV_xenial-20190826-071706UTC-kohlbrecher-XPS-15-3550

3

never NA N/A

&

14 minutes ago 100 % DEV_xenial-20191010-123054UTC-kohlbrecher-XPS-15-9550

rrrrrr 89 %

&

DEV_xenial 1-20190903-135109UTC-kal-msi

DEV_xenial-20191010-082109UTC-kohlbrecher-XP$-15-9550

u
o
3
g 2
&
g
3
8

&

100%  xenial 1-20190829-141640UTC-kal-M14xR2

eeeee NIA N/A

s

43 hours ago 0%  xenial 1-20190819-142609UTC-kal-M14xR2

i

xenial-20191003-175804UTC-asgard

t

never NiA NIA

&

never N/A N/A

1111 1w 1 11 1 1 11 1/ 1
&

L2

60 hours ago 0 xenial-20190819-143650UTC-kal-M14xR2

xenial-20190903-090810UTC-kal-msi

Click here to connect to the robot or
to see its mission report

List of robots in the fleet

6.2.

Driver Screen

Onceauserhas connected t@arobot, most of the display information is intuitive:

The major functions are summarised in the picture below.

For safety reasonsnty oneoperativecancontrolarobot at any given time. The logo towards

the top right of the screen will show whihat is. To take over contrgklick on that icon.

All videoand LIDAR Gt NB I Ya | NS RA&aLIX @SR 2y (KS O2y{NP
icon of any video stream window moves it to the largest window.

To take a snapshot, hover the cursor over any video stream and then click Boithteof
Interest(POl)icon that appearsn the topleft corner. Then use the cursor to select the area

of interest andclick onthed OOSLJG ¢ o6dzi 2y (ARern@tivelyllydaNZ takeK S A
a fulksize picture withouselecting the POI icon

{yIFHLAK2Ga | NBM&RbogSt RO XNRKSEKEKI@S 0SSy dzL) 2
happens automatically after taking them) and can be viewed in large scale by clioking o

them. From there they can be saved to the local machine by right clicking trsizied

LIAOQUdzNE yR aStSOdGAy3a a{l @S ! addde P

To take avideo,a mission must be activd his is doney undocking the robot and driving to

the location of interest (Videos arcurrentlyonlyNS O2 NRSR A T (MiSionNRP o2 ( &
Activéé 0 @ hy &S OB R&KS OdzNE2NJ 2@0SNJ Fye @ARS2 ai
(small circlejhat appears in the togeft corner.¢ KS YS&aal 3S GNBO2NRAY €
recordingDf A O1 GKSagadirt ARS2¢ AO02Yy

Videos will be available only after the robot is back in the docking station (to save bandwidth
when driving videos are not uploaded immediately). Videsre displayed in thélission

Report website undeéw S O 2 NR S Rindaa Beivievied in large scale by clicking on them.

From there they can be saved to the local machine by right clicking theiZatl picture and

AStSOGAY3a a{l PSS | 430DDE D
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A Theicons atthe top ofi K BlediaLlog OF'y 06S dzaSR (2 @vantséSNI (GKS
AYF3Sa FTNRBY (KS flFaid n K2 dzNA dotheRighhcanibe ysédf f & =
to downloada completeset ofrecordingsas a zip file

A The audio stream of the miophonecan bestarted andpaused by clicking atie
GaAi ONEP WiKddw S ¢

A The screen shows the gas levels for those gas detectors that are fitted to the robot. The gas
alarmlevels for the robot can be adjusted by clicking on the icon to the top right of ga€h
displaywindow. An audio/visual alarm is emitted when the alarm level is exceeded.

A The autonomy controls are grouped togeth&vhen K S b Y S S Lkbx lis didkeld $hé
NRO20 o2y Qintickdd $1&rbbowvillsdve 4Gitosts and battery power slgeping
(whetherory 2 0 A0Qa R201SRO®

A Selecta mission using the dregown box.¢ 2 f | dzy OK (G KS YAaairzys Of ;
to the left of the mission drojglown box.to cancel the missiopress the button again
Missions will usually be starteghen the robot is iradocking stationl 2 ¢ SGSNE A (G Qa |
possibletd | dzy OR 2 & f 2 ¥ & ysiiden tfehotadgk lihe/is visibie the downfacing
camera.

Al arxy3a GKS OdzZNE2NJ 2 FOUGAGI OGS GKS b{G2L¥ o dz
stop switch on thegamepad The drive motors are isolated until the switch is released. This is
R2YyS dzaAy3d al! dziz2zé 2NJ GKS 3ANBSyYy odzidzy 2y (K

A The gas detectorand lightscontrols arer OO0S&aaSR 6& Of AO1AYy3 2y da:

A Thetoprightofthescreenghg da GKS NRo2GQa adlddzae ' (GA0]

o Mission Active; robot has been commanded to move an@ihot charging anymore

0 WirelessChargeci KS NRo2GQa O2Af A& O2yySOOGSR (2

o Charging; current is flowingnto the battery pack.

0 EStop Releaseqii KS NRo20Qa SYSNRHSyoOe adz2L) KIFHa oS
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