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1. Introduction 

This document is one of three that will help operators to use their ExR-2 robots safely and 
effectively: 

Á ExR-2 and Docking Station Operating Instructions 
Á ExR-2 Robot Operating Guide. 
Á ExR-2 Robot Deployment (Quick Start) Guide. 

 

All of these documents and some explanatory videos can be downloaded from Downloads | 
ExRobotics  

The instructions focus on the safe deployment, operation and servicing of robots and docking 
stations. The guides provide additional information about robot systems and their use. The guides 
doƴΩt usually replicate important ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘΩǎ ƛƴ ǘƘŜ ƛƴǎǘǊǳŎǘƛƻƴǎ ǎƻ ƛǘΩǎ ŜǎǎŜƴǘƛŀƭ ǘƘŀǘ Ǌƻōƻǘ 
users read and understand the instructions. LŦ ǘƘŜǊŜΩǎ ŀ ŎƻƴŦƭƛŎǘ ōŜǘǿŜŜƴ ǘƘŜ ŘƻŎǳƳŜƴǘǎΣ ǘƘŜ 
instructions will always prevail.  

This operating guide: 

Á Describes each key part of the robot system: 
o Robots. 
o Control stations that are used to communicate with the robot. 
o Docking stŀǘƛƻƴǎ ǘƘŀǘ ǊŜŎƘŀǊƎŜ ǘƘŜ ǊƻōƻǘǎΩ ōŀǘǘŜǊƛŜǎΦ 
o Cloud software that enables users to interact with robots. 
o Object detection and avoidance. 

Á Explains how to set up autonomous missions. 
Á Recommends how robot operatives should be trained. 
Á Provides advice for operating robots. 

 
The guide will be updated and made available to robot fleet managers and first line support as new 
robot hardware and software is deployed. 

  

https://exrobotics.global/information/downloads
https://exrobotics.global/information/downloads
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2. Robots 

ExR-2 robots are assembled from a number of modules mounted on a skeleton that is clad in sheet 
steel. Many of these modules are optional. The full range of modules is identified in these clad and 
unclad pictures. More detailed robot specifications are included in Section 10. 
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The only controls mounted on each robot are the red emergency stop switch and the black on/off 
switch:  

Á When the red emergency stop switch is pressed downwards it immobilises the drive motors. 
The robot caƴΩt be driven until the switch is released by rotating it and letting it spring 
upwards.  

Á ²ƘŜƴ ǘƘŜ ōƭŀŎƪ ǎǿƛǘŎƘ ƛǎ ǊƻǘŀǘŜŘ ŀƴǘƛŎƭƻŎƪǿƛǎŜ ǘƻ ǘƘŜ άƻŦŦέ Ǉƻǎƛǘƛƻƴ ǘƘŜ ǇƻǿŜǊ ǎǳǇǇƭȅ ǘƻ ŀƭƭ 
components (except some circuits in the electronics box) is shut-off. 

Á When the emergency stop switch is released and the robot is switched on, the robot is held in 
position by its motors.  

Á When the emergency stop switch is pressed down and/or the robot is switched off, therŜΩs no 
power to the motors so the robot moves freely. This means it will roll down a slope under the 
influence of gravity. 

3. Control Stations & Communication 

Customers are responsible for providing control stations. By default, robots are controlled with a: 

Á PC with a screen resolution of at least 1920 x 1080 and Google Chrome or Microsoft Edge. 
Á Xbox gamepad for driving the robot. 
Á MƻǳǎŜ ƻǊ ǘǊŀŎƪǇŀŘ ŦƻǊ ƻǇŜǊŀǘƛƴƎ ǘƘŜ ŎǳǊǎƻǊ ƻƴ ǘƘŜ t/Ωǎ ǎŎǊŜŜƴ. 

 
Should a customer prefer to control their robots with άtabletsέ (without gamepads) they should 
perform a risk assessment because there will be no physical emergency stop on the control station. 
In the near future customers will then be able to adapt the user interface for use with tablets. 
However, at the moment they should contact their account manager.  

LǘΩǎ ƛƳǇortant that there are no intrusive firewalls between the control station and the cloud 
software (see below). 

Port Protocol IP 

3478 UDP Will be given to you by Energy Robotics 

   

 

Robots transfer data and receive instructions via wireless networks. This might be a public 4G 
network, a private 4G network, or a WiFi network. They also have a short-range WiFi network that 
can be used to correct faults if the main communications network fails. 4G networks are secured 
using VPN technology. 

The wireless network will connect the robot to a server which might be a private server, or a service 
provided by a third party company such as Amazon (AWS) or Microsoft (Azure). This server will host 
the cloud software (see Section 6) and transfer data to other servers. 
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4. Docking Stations & Charging 

A robot automatically charges itself using the induction charger built into its docking station.  It can 
also autonomously dock and undock as described in Section 7. If the robot is being remotely 
controlled, ǘƘŜ ƻǇŜǊŀǘƛǾŜ ǎƘƻǳƭŘ ŀǇǇǊƻŀŎƘ ǘƘŜ ŘƻŎƪƛƴƎ ǎǘŀǘƛƻƴ ƛƴ άǎƭƻǿ ǎǇŜŜŘέ ƳƻŘŜ ŀƴŘ ƛƴ ǘƘŜ 
direction shown in the picture below. Provided the robot is reasonably straight and central when 
approaching the docking station, the robot will automatically align the induction charging plates 
using the plastic strips under its hull. To facilitate robot alignment, the robot should approach the 
docking station in a straight line for at least 3 meters. Once the front oŦ ǘƘŜ ǊƻōƻǘΩǎ Ƙǳƭƭ ƛǎ ǇǊŜǎǎƛƴƎ 
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. 

 

hƴŎŜ ǘƘŜ ƛƴŘǳŎǘƛƻƴ ŎƘŀǊƎŜǊ ƛǎ ŎƻƴƴŜŎǘŜŘΣ ǘƘŜ ά²ƛǊŜƭŜǎǎ /ƘŀǊƎŜǊέ ŀƴŘ ά/ƘŀǊƎƛƴƎέ ōƻȄŜǎ ƻƴ ǘƘŜ ŎƭƻǳŘ 
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. 

When the robot is fully docked it will άƎƻ ǘƻ ǎƭŜŜǇέ and begin to charge using the induction charger. 
There can be a delay of up to 120 seconds before this happens. When the robot is asleep, many of 
its components are switched off to reduce power consumption and speed charging. However: 

Á The gas detectors remain on so that ǘƘŜȅ ŘƻƴΩǘ ƴŜŜŘ ǘƻ άǿŀǊƳ ǳǇέ ōŜŦƻǊŜ ŎƻƳƳŜƴŎƛƴƎ ǘƘŜ 
next mission. 

Á It continues to communicate so that it can quickly be woken up. 
 

The docking station should be powered up at all times since charging may be disrupted if ƛǘΩs 
switched on when the robotΩǎ already docked. Also, iǘΩǎ ōŜǎǘ ƴƻǘ ǘƻ ǎǿƛǘŎƘ ƻŦŦ ǘƘŜ Ǌƻōƻǘ όǳǎƛƴƎ ǘƘŜ 
black On/Off switch) when the robot is in the docking station since this too can disrupt charging. If 
this happens pull the robot 30cm back and switch it off and on again. 
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²ƘŜƴ ŀ ŘǊƛǾŜǊ ŎƘŜŎƪǎ ǘƘŜ άWake Upέ box the robot video streams will typically appear within 1 
minute. The robot is then ready to use. 

A power socket module (when fitted) enables the robot to be charged within 4 hours. This requires 
the robot to be manually plugged into a power supply using a quick-charger thatΩǎ ǎǳǇǇƭƛŜŘ ǿƛǘƘ ǘƘŜ 
socket. The quick-ŎƘŀǊƎŜǊΩǎ ƭŜŀŘ ƛǎ ǘȅǇƛŎŀƭƭȅ о ƳŜǘŜǊǎ ƭƻƴƎΦ If the robot is docked, you should first 
switch off power to the induction charger. When inserting the quick-charge plug, rotate the entire 
body clockwise before tightening the ring around its base. You can check the status of the charging 
using the LEDs and instructions on the quick charger. This video provides more detail: 
https://exrobotics.global/media/uploads/mp4/5/8/58_instruction-how-to-connect-the-quick-
charger.mp4  

5. LiDAR Based Navigation, Object Detection and Object Avoidance 

ExR-2 robots are usually supplied with a LiDAR module. This is at the heart of autonomous 
navigation (see Section 7.4), object detection (which also works during remote controlled missions) 
and object avoidance. 

LǘΩǎ ǳǎŜŦǳƭ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǘƘŜ LiDAR works before performing missions. It scans the 
environment around the robot as indicated in this diagram. 

 

https://exrobotics.global/media/uploads/mp4/5/8/58_instruction-how-to-connect-the-quick-charger.mp4
https://exrobotics.global/media/uploads/mp4/5/8/58_instruction-how-to-connect-the-quick-charger.mp4
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The LiDAR is tilted down towards the front of the robot so that it can detect the ground close to the 
robot in its usual direction of travel.  

The tilted LiDAR also means that it can see higher objects behind the robot so it can build a 3D 
model of the surroundings with more relief than a horizontally mounted LiDAR. The robot builds 
this model as it performs its first remote controlled mission. The robot then uses this model to 
navigate during subsequent autonomous missions. 

Sometimes there might be temporary items 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 areƴΩǘ too many temporary items the robot will still be able to localise its 
position using the other information in the map.  

Temporary items do not affect object detection and avoidance because these functions are based 
on live LiDAR data that is gathered during the ongoing mission. However, it should be remembered 
that collision detection and avoidance isƴΩt perfect. The following conditions can hamper 
performance. 

Condition Description Potential work-arounds 

Drop-offs Drop-offs are more difficult to detect than 
obstacles because if the ground is very 
reflective (for instance in heavy rain) there 
might be false positives and steep downward 
ramps cannot be reliably distinguished from 
drop-offs using LiDAR alone. 

Drop-offs are usually 
permanent features and itΩs 
very serious if the robot drops 
from a height. Robot routes 
should avoid drop-offs or 
barriers should be erected 
around them. 

Upwards 
ramps 

The robot will usually interpret these ramps 
as an obstacle and stop. 

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

Narrow gaps The robot is designed to navigate 1 meter 
wide gaps. However some conditions might 
prevent this and/or customers may wish to 
navigate narrower gaps. 

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

Thin and small 
obstacles such 
as vertical 
pipes. 

Avoidance is optimised to avoid collisions 
with a variety of objects. Very small objects 
are not considered as increased sensitivity 
increases the likelihood of false-positive 
avoidance.  

LŦ ǘƘŜǊŜΩǎ ŀ Ǌƛǎƪ ƻŦ collision, 
choose a different route or 
enclose such items in a larger 
άōƻȄέΦ 

Avoid leaving small, temporary 
ƛǘŜƳǎ ƻƴ ǘƘŜ ǊƻōƻǘΩǎ ǊƻǳǘŜǎΦ 

Sharp turns The LiDAR cannot see low objects to the side 
of the robot. If the robot turns sharply 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 routes. Avoid 
leaving low, temporary items 
near sharp turns. 
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Reversing The LiDAR cannot detect objects lower than 
0.5m behind the robot ŀƴŘ ǘƘŜǊŜΩǎ ŀ ōƭƛƴŘ 
spot behind the panning inspection module.  

Only reverse over short 
distances over which the robot 
has recently driven forwards. 

Overhead 
obstacles 

The LiDAR might not detect low items that 
are close to the robot and that might hit the 
panning inspection module. This is especially 
significant during sharp turns and for thin 
overhead items like cables. 

Keep robot routes clear of such 
items. 

Shiny and low 
reflection 
items. 

The Ex enclosure of the LiDAR causes 
significant attenuation which means shiny 
and low reflective objects might be 
detectable only close to the robot 

Paint or cover these items. 
Avoid leaving shiny, temporary 
ƛǘŜƳǎ ƻƴ ǘƘŜ ǊƻōƻǘΩǎ ǊƻǳǘŜǎΦ 

Rain, steam 
and snow 

¢ƘŜǎŜ ǿƛƭƭ ƻōǎǘǊǳŎǘ ǘƘŜ [ƛ5!wΩǎ ōŜŀƳ. 
Localisation and object detection will be less 
effective. 

Do not perform missions in 
these conditions or provide 
remote supervision of the 
mission by a human. 

Clear materials LiDAR will not detect objects like glass doors. Facilities seldom contain such 
items. 

High contrast 
environments 
& inadequate 
lighting 

The LiDAR is not affected by light in the 
visible range. 
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6. Cloud Software 

Robots are ƻǇŜǊŀǘŜŘ ŀƴŘ Řŀǘŀ ƛǎ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ ǘƘŜ άŎƭƻǳŘέΦ Access is granted as described in 
Section 8.2. Six types of screens are available as described below. 

6.1. Fleet Management and Fleet Status 
Fleet Management is the first screen that appears when users log on. It allows them to connect to 
any robot to whicƘ ǘƘŜȅΩǾŜ been granted access. Scrolling down reveals more robots. 

 

The Fleet Status screen (see below) ƛǎ ŀŎŎŜǎǎŜŘ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ άnavigation menuέ ƛŎƻƴ ǘƻ ǘƘŜ ǘƻǇ 
left of the fleet management screen. 
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6.2. Driver Screen 
Once a user has connected to a robot, most of the display information is intuitive:  

Á The major functions are summarised in the picture below. 
Á For safety reasons, only one operative can control a robot at any given time. The logo towards 

the top right of the screen will show who that is. To take over control, click on that icon. 
Á All video and LiDAR ǎǘǊŜŀƳǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ƻƴ ǘƘŜ ŎƻƴǘǊƻƭ ǎǘŀǘƛƻƴΦ /ƭƛŎƪƛƴƎ ƻƴ ǘƘŜ ά9ȄǇŀƴŘέ 

icon of any video stream window moves it to the largest window. 
Á To take a snapshot, hover the cursor over any video stream and then click on the Point of 

Interest (POI) icon that appears in the top-left corner. Then use the cursor to select the area 
of interest and click on the ά!ŎŎŜǇǘέ ōǳǘǘƻƴ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ ƛƳŀƎŜΦ Alternatively, you can take 
a full-size picture without selecting the POI icon. 

Á {ƴŀǇǎƘƻǘǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ƛƴ ǘƘŜ άMedia Logέ ƻƴŎŜ ǘƘŜȅ ƘŀǾŜ ōŜŜƴ ǳǇƭƻŀŘŜŘ ǘƻ ǘƘŜ ǎŜǊǾŜǊ όǘƘƛǎ 
happens automatically after taking them) and can be viewed in large scale by clicking on 
them. From there they can be saved to the local machine by right clicking the full-sized 
ǇƛŎǘǳǊŜ ŀƴŘ ǎŜƭŜŎǘƛƴƎ ά{ŀǾŜ !ǎΦΦΦέΦ 

Á To take a video, a mission must be active. This is done by undocking the robot and driving to 
the location of interest (Videos are currently only ǊŜŎƻǊŘŜŘ ƛŦ ǘƘŜ Ǌƻōƻǘ ǎǘŀǘǳǎ ƛǎ άMission 
ActiveέύΦ hƴŎŜ ǊŜŀŘȅΣ ƘƻǾŜǊ ǘƘŜ ŎǳǊǎƻǊ ƻǾŜǊ ŀƴȅ ǾƛŘŜƻ ǎǘǊŜŀƳ ŀƴŘ ŎƭƛŎƪ ƻƴ ǘƘŜ ά±ƛŘŜƻέ ƛŎƻƴ 
(small circle) that appears in the top-left corner. ¢ƘŜ ƳŜǎǎŀƎŜ άǊŜŎƻǊŘƛƴƎέ ǿƛƭƭ ŀǇǇŜŀǊΦ ¢ƻ ǎǘƻǇ 
recording ŎƭƛŎƪ ǘƘŜ ά±ƛŘŜƻέ ƛŎƻƴ again. 

Á Videos will be available only after the robot is back in the docking station (to save bandwidth 
when driving, videos are not uploaded immediately). Videos are displayed in the Mission 
Report website under άwŜŎƻǊŘŜŘ aŜŘƛŀέ and can be viewed in large scale by clicking on them. 
From there they can be saved to the local machine by right clicking the full-sized picture and 
ǎŜƭŜŎǘƛƴƎ ά{ŀǾŜ !ǎΦΦΦέΦ  
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Á The icons at the top of ǘƘŜ άMedia Logέ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŦƛƭǘŜǊ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘŜ ƭŀǎǘ events e.g. 
ƛƳŀƎŜǎ ŦǊƻƳ ǘƘŜ ƭŀǎǘ п ƘƻǳǊǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ǘƘŜ άŎƭƻǳŘ ŘƻǿƴƭƻŀŘέ ƛŎƻƴ to the right can be used 
to download a complete set of recordings as a zip file.   

Á The audio stream of the microphone can be started and paused by clicking on the 
άaƛŎǊƻǇƘƻƴŜέ window. 

Á The screen shows the gas levels for those gas detectors that are fitted to the robot. The gas 
alarm levels for the robot can be adjusted by clicking on the icon to the top right of each gas 
display window. An audio/visual alarm is emitted when the alarm level is exceeded. 

Á The autonomy controls are grouped together. When tƘŜ ϦYŜŜǇ !ǿŀƪŜέ box is ticked the 
Ǌƻōƻǘ ǿƻƴΩǘ ǎƭŜŜǇΦ LŦ ƛǘΩs unticked the robot will save 4G costs and battery power by sleeping 
(whether or ƴƻǘ ƛǘΩǎ ŘƻŎƪŜŘύΦ 

Á Select a mission using the drop-down box.  ¢ƻ ƭŀǳƴŎƘ ǘƘŜ ƳƛǎǎƛƻƴΣ ŎƭƛŎƪ ƻƴ ǘƘŜ άtƭŀȅέ ōǳǘǘƻƴ 
to the left of the mission drop-down box, to cancel the mission press the button again. 
Missions will usually be started when the robot is in a docking station. IƻǿŜǾŜǊΣ ƛǘΩǎ ŀƭǎƻ 
possible to ƭŀǳƴŎƘ άƭƛƴŜ-ŦƻƭƭƻǿƛƴƎέ Ƴƛǎǎƛƻƴs when the orange line is visible in the down-facing 
camera. 

Á ¦ǎƛƴƎ ǘƘŜ ŎǳǊǎƻǊ ǘƻ ŀŎǘƛǾŀǘŜ ǘƘŜ Ϧ{ǘƻǇέ ōǳǘǘƻƴ Ƙŀǎ ǘƘŜ ǎŀƳŜ ŜŦŦŜŎǘ ŀǎ ǇǊŜǎǎƛƴƎ ǘƘŜ ŜƳŜǊƎŜƴŎȅ 
stop switch on the gamepad. The drive motors are isolated until the switch is released.  This is 
ŘƻƴŜ ǳǎƛƴƎ ά!ǳǘƻέ ƻǊ ǘƘŜ ƎǊŜŜƴ ōǳǘǘƻƴ ƻƴ ǘƘŜ ƎŀƳŜǇŀŘΦ 

Á The gas detectors and lights controls are ŀŎŎŜǎǎŜŘ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ άaƻǊŜέΦ 
Á The top right of the screen shƻǿǎ ǘƘŜ ǊƻōƻǘΩǎ ǎǘŀǘǳǎΦ ! ǘƛŎƪ ŀŘƧŀŎŜƴǘ ǘƻ ŜŀŎƘ ƛǘŜƳ ƛƴŘƛŎŀǘŜǎΥ 

o Mission Active ς robot has been commanded to move and itΩs not charging anymore. 
o Wireless Chargerς ǘƘŜ ǊƻōƻǘΩǎ Ŏƻƛƭ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŀǘ ƛƴ ǘƘŜ ŘƻŎƪƛƴƎ ǎǘŀǘƛƻƴΦ 
o Charging ς current is flowing into the battery pack. 
o E-Stop Released ς ǘƘŜ ǊƻōƻǘΩǎ ŜƳŜǊƎŜƴŎȅ ǎǘƻǇ Ƙŀǎ ōŜŜƴ ǊŜƭŜŀǎŜŘ ǊŜŀŘȅ ǘƻ ŘǊƛǾŜΦ  




















































