Copyright
ZEB-HORIZON™ User’s Manual © 2020 GeoSLAM Ltd. All rights reserved.

ZEB-HORIZON
User Manual

©2020 GeoSLAM 1 ZEB-HORIZON User Manual v1.3



CONTENTS

5.1

6.1
6.2
6.3
6.4
6.5

7.1
7.2

e A goTo [V Lo T o] o HE PP PP P PP PP T PP PPPPPPPPPPPPP 3
o =T o= 1o o EO PP O PRSP UPRPR 3
[ g aleT] o= 1R o) o] o1=Y =1 (T o I PP PRPP ORI 3
[ 0] o= Vg £ PP PPPPOTPRR 4
T (=] 1P 5
(G T 1 =1 OO P P PTUPPPP 5
(=TT =1 =] Y RS PPRPOTRRI 5
Electromagnetic COMPAtiDIlItY ........oiueiiiiiiee e et e e e e s ra e e e s bt e e e n e e e e s ane e e e abaee e e 5
2 LS VS T= 1 =] PSPPSR ROPRRPPPRRP 5
SN I L al DT oToF T | OO PP UPRPR 5
1] =11 =i o o PRSPPI 6
(Vg gL g aT=T o= TaTo B o) o] gaaF=\ o] o H U PPRPTPRI 6
(D F= = ot o] L1 | <P UPPUPRRPPN 7
CoNNECHNG ThE NATAWAIE ......coiiiii et et e e ettt sttt e e e s be e e e e ate e e s aase e e e saneeeeenbeeesenneeeesnneeean 7
Connecting the Reference Dase PlIate. ... .. ... 7
(0701 [1=To1 (10 To o F-L - H T TSP U PO SRR UPPI 8-9
Downloading the raw SCAN GALA ........ccireiiiee et e b e e e b et e bt e aae e e b et e ane e e b e e neeennee 9
L1 (=0 = Ta o1 o PO PSP P PP RP TR 10
Shutting down and LED StatuUS SUMIMEAIY .....cc.uiiiiiiiiieiiie ittt be e sbe e enne e nnn e e anneennnas 10-11
U LSY: (o Lol 0T Lo L= 1T Y= PSSR 12
TRE ENVIFONIMENT ...ttt e et e e bt e bt e e b et e bt e e b et e se e e b et e be e e be e e aae e e b et e ase e e be e e smneenneeeanneennne s 12
[IoTo] o e (0110 (=TSSP TP PPPPTPI 12
Transitioning DEtWEEN ENVIFONMENES .......oi.iiiiie et s e sar e e e nanee s 12-13
L UL To ] o 1=T=T o PP O TP PP PP UPPPRPT 13
MiNIMUM @NAM@XIMUIM FANGE.......teeiutieetee it ettt e et e st e e bt e s b et e be e s b e e e st e sabe e eas e e aa b e e abe e e beeeneeeabeeeneeeaneeeneeenes 13
DUFAtiON Of SCANMING. ...ttt ettt ettt e bt e s b e e e bt e e b et e bt e et et e be e e b e e e beeeabeeebeeebeeeneenanes 13
Survey areas with restricted OF AiffICUE ACCESS ......iiiuiiiiieiie ettt st e e sabe e s beesaneeaa 13
MoViNg 0bJECES iNthe ENVIFONMIENT.......ii ittt s e e st e e b e et e e e ne e e b e e neeeanee 13
D L= W e o Yot =TT =Y 1 o PSSR 14
GEOSLAM HUD SOFWAIE ...ttt b e bt e bt bt e e bt e ne e e b et e abeeebeeenneenane 14-15
= L1 1= 16
SPECIICAIION ...ttt ettt e bt e bt e bt ettt e s a e s et e ea e et e ae e e b e bt e b e e b e e n e ne e saeenreenre s 16
RECNAIGING ...ttt e e e b e s he e e s he e s he e e e b e e e s ae e e a et e sae e e ae e e s aee e s e e sneenraeas 16
Capacity andrun-tiMe ISPIAY..........ecuteiieieirieti ettt ettt ettt et s e sae e sae e sae e bt e n e e e e eaeeereenreerean 16-17
2 L] Vo= = TSSO U PP RPP PP 17
TrANSPOITALION. ... e e e e e s e e s ae e sae e e s aa e e s ene e s an e sae e e s ane e nr e e sane s 17-18
N e = NI 1 0 19
APPENiX 1 - USB Prepare t00] ..........ei ittt ettt ettt rae e e bt e s et e bt s nr e e nnr e nnn e e nnne s 19
AppendiX 2 — DIMeNnSioNal AraWiNGS .........c..uuiiiiiie e e e e e e e e e s r e e e e e e s e s sn e e e e e e e e s snnnneeeas 20-21

©2020 GeoSLAM 2 ZEB-HORIZON User Manual v1.3



The ZEB-HORIZON provides a rapid and simple means of capturing 3D point cloud data. Data is captured as the
userwalksthroughthe area of interest. The ZEB-HORIZON negates the need for time consuming scanner set-ups
and data registration associated with traditional terrestrial laser scanning methods.

Providedthe simple guidelines set outin this manual are adhered to, accurate 3D point clouds can be generated in
afraction of the time taken with traditional terrestrial laser scanning methods.

1.1 SPECIFICATION

Maximum range

Points per scan line

Field of view
Scan rate

Scan range noise

Laser safety
classification

Laser wavelength

Operating
temperature

Ingress protection
Power supply
Weight

Dimensions

Battery life

100m

937 (0.38%interval)

360° x 270°

300,000 points/s

160 lines/s (16 lines @ 10Hz)

+30mm

Class 1 Eye-safe per IEC 60825-1:2007 & 2014

903nm
0° Cto +40° C

IP54
14.8VDC ~ 1.5A
Scanning head with handle 1.49kg

Datalogger 0.72kg
Battery 0.55kg
Carrycaseandcontents  4.2kg

Scanning head 216x108x266mm (153mm excl handle)
Carry case and contents 470x220x180mm
Approximately 3 hours continuous use

1.2 PRINCIPAL OF OPERATION

The ZEB-HORIZON consists of a 2D time-of-flight laser range scanner rigidly coupled to an inertial measurement
unit (IMU) mounted on a motor drive. The motion of the scanning head on the motor drive provides the third
dimension required to generate 3D information. A novel 3D simultaneous localization and mapping (SLAM)
algorithmisusedtocombinethe2Dlaserscandatawiththe IMUdatatogenerate accurate 3D pointclouds.
The ZEB-HORIZON captures raw laser range measurement and inertial data. This data must be processed using
GeoSLAM’s SLAM algorithm to convert the raw data into a 3D point cloud. The data is processed using the
GeoSLAM Hub processing application.
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1.3 LIST OF PARTS

Partno.

1 GS_610090

2 GS_610096

3 PAG_9307GS
4 GS_610098

5 PAG_9713V
6 GS 610121

7 GS_310025

8 SWA_138576
9 OPT_8248

Description

ZEB-HORIZON handheld laser scanner
ZEB-HORIZON data logger
ZEB-HORIZON battery

ZEB-HORIZON main cable

Battery charger and power supply unit
Reference base plate

USB memory stick

ZEB-HORIZON backpack

Data logger shoulder strap

Table 1-2: List of parts

©2020 GeoSLAM
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2.1 GENERAL SAFETY

The ZEB-HORIZON should only be used by trained operators. Always follow basic safety precautions when
operating the ZEB-HORIZON to reduce the risk of personal injury and to prevent damage to the equipment. Do
not operate the equipment with suspected defects or obvious mechanical damage. Please refer all servicing of the
equipment to qualified service personnel. Only use the components and accessories supplied with your system or
other accessories recommended by GeoSLAM Ltd. Before operating the system for the firsttime please read this
manual infull.

The equipment contains sensitive electrical and mechanical parts and thus requires appropriate handling. Do not
bendorpullthecablesforcibly. Neverpushobjectsofanykindintotheconnectorsorsockets. Keepthe equipment out
of the reach of children. Under no circumstances should any modifications be made to the ZEB-HORIZON
without prior written permission from GeoSLAM Ltd.

2.2 LASER SAFETY
The ZEB-HORIZON incorporates a Velodyne Puck VLP-16 laser scanner. The VLP-

16is classified as a CLASS 1 Laser Product in accordance with IEC 60825-1:2007 &
2014. Equipment classification and requirements. Class 1 Laser Products are safe
21CFR100.10=na1050 1L | nder reasonably foreseeable conditions of operation, including the use of
TR opticall
instruments for intra-beam viewing.

2.3 ELECTROMAGNETIC COMPATABILITY
The ZEB-HORIZON meets or exceeds the following standards:

EN61326-1:2013 Electrical equipment for measurement, control and laboratory use - EMC requirements -
Industrial Location Immunity - (immunity section only)

EN61326-1:2013 Electrical equipment for measurement, control and laboratory use - EMC requirements - Group
1, Class A equipment - (emissions section only)

CFR 47 Code of Federal Regulations: Pt 15 Subpart B- Radio Frequency Devices - Class A Unintentional Radiators

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuantto part 15
ofthe FCCRules. Theselimits are designedto provide reasonable protection againstharmfulinterferencewhen the
equipment is operated in a commercial environment. This equipment generates, uses and can radiate radio
frequency energy. If not installed and used in accordance with the instruction manual this may cause harmful
interferencetoradiocommunications. Operation ofthisequipmentinaresidentialareamay causeinterference.

2.4 BATTERY SAFETY

DONOT attempttodismantlethe battery.

DO NOT short circuit the battery.

ONLY use the charger supplied with the system.

Excess heat willdegrade the battery rapidly. Always store the battery ina cool dry place. DONOT leave forlong
periods in the sun or in a hot vehicle.

The battery is splash proof but not waterproof — do not immerse in water.

2.5 SYSTEM DISPOSAL

Whenthe ZEB-HORIZON reachesthe end of its life-cycle please dispose of the equipmentin
accordance with Directive 2002/96/EC on Waste Electrical and Electronic equipment (WEEE).

GeoSLAM Lidis preparedtotake back the waste equipment and accessories free of charge atthe
manufacturing unitin Ruddington, UK for proper treatment with the objectives of the WEEE.
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2.6 INSTALLATION

The ZEB-HORIZON can be used as a handheld device using the supplied removable handle or can be mounted to
mobile platform using threaded mounting points (see Section 7.2) or the optional mounting plate.

2.7 FURTHER HELP AND INFORMATION
In the event of a problem that cannot be resolved using the information supplied, please contact GeoSLAM.
You can also gain assistance through the support page on our website: https://geoslam.com/support

For further assistance, contact GeoSLAM Technical Support by telephone or email. Our Customer Support
personnel will discuss your situation, determine the cause of the problem and provide the appropriate technical
assistance.

Contact GeoSLAM by any of the following methods:
e Phone: +44 (0) 1157 270740 (all countries)
e Phone: +1-833-444-7907 (US & Canada)
e Email: support@geoslam.com
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Thischapterdescribes howtoconnectthe ZEB-HORIZON hardware, howto collectraw scandataandhowto
download the raw scan data from the data logger.

3.1 CONNECTING THE HARDWARE
Connect the ZEB-HORIZON main cable to the socket on the side of ZEB-HORIZON scanner head.

Connectthe otherend of the ZEB-HORIZON cable to the REVO (orange) socket onthe ZEB-HORIZON data
logger. DONOT attempttoconnectthe ZEB-HORIZON cable (16 pin)tothe AUX socket (14 pin-withblue
marker).

3.2 CONNECTING THE REFERENCE BASE PLATE

To attach the reference base plate, orientate the ZEB HORIZON and plate as shown in Figure 3-1.
The base of the ZEB HORIZON handle sits within the ‘cup’ on the top of the reference plate and the
alignment pin should be toward the front point of the plate. Fix the plate by tightening the captive screw
by hand using the ‘D’ ring as shown in Figure 3-2 below.

HORIZON

Figure 3-1 Figure 3-2
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3.3 COLLECTING DATA

The process of collecting data using the ZEB-HORIZON scanning systemis highly automated. However, care must
be taken to ensure that the collected data can be successfully processed into a 3D point cloud using GeoSLAM’s
unique SLAM algorithm. It is strongly recommended that the user conducts a survey plan, considering the
recommendations setoutinthe Usage Guidelines inchapter4,before commencing datacollection.

When you are ready to start collecting data follow the steps in the table below:

Step 1 Connecting the hardware:

Ensure battery is charged and connected to data logger. Connect the ZEB-
HORIZON main cable to the socket on the side of ZEB-HORIZON scanner head.
Connect the other end of the ZEB-HORIZON cable to the REVO (orange) socket on
the ZEB-HORIZON data logger. Position the ZEB-HORIZON scanner on a flat
stationary surface. Ensure the scan head is free to rotate. Turn on the ZEB-
HORIZON data logger by pressing the on/off button.

Data Logger | ScanheadLEDarray
LED

REVO | DA
TA

Step 2 Data logger booting up. -*- - -
Step 3 Connecting to scan head. @ - o000
Step 4 Standby mode o -

Step 5 Initiate new scan -

Long press the function button on either o o000
the scan head or the data logger until
the REVO LED and scan LED array light
solidredtoinitiate a new scan

Step 6 Initialization mode -

The scan head must remain stationary
foraperiodof15seconds. Ifthe scanhead
is disturbed during initialisation the system
will revertto standby mode (Step 4)

Step 7 Scanning mode -

After the 15 second initialization, the REVO ® o000
LED and scan head LED array will light
green and the scan head will start
rotating. Pick up the scanner and
conductthe scan.

Step 8 End scan - Data formatting

To end the scan, long press the function
button on either the scannerheadorthe
data logger until the scan head stops
rotating.

The DATALEDwilllightorange while the
scan data is converted to the required
outputformat

0
©
O
O
O
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Step 9 Standby mode
From stand-by either Initiatea ®
newscan (Step5),

Download the datafrom the latest scans
(section 3.3), or
Shut down (section 3.5)

[ J
O
O
O

I The scanner must remain static during initialisation

During data capture the data logger can either be carried in your spare hand, carried on your side using the
supplied shoulder strap.

3.4  DOWNLOADING THE RAW SCAN DATA

To download the raw scan data, power on the ZEB-HORIZON data logger if not already powered on. Connect the
supplied USBmemory USB socketonthe dataloggerfrontpanel. The AUXLEDlightwilllightgreenwhilstthe data is
transferringtothe memory stick. The USBstickmustnotberemovedwhenthe AUXLEDislitgreen. Aftera few
seconds (dependent on the size of the data files to be transferred) the AUX LED will turn off. All data that has not
previously beentransferred will be transferred andthe USB memory stick can be removed.

I Do not remove the USB memory stick while the green AUX LED is lit
The following memory stick file formats are supported, exFAT, FAT32 and NTFS.

Downloading data is an automatic process whereby only data that has not previously been downloaded will be
transferred.

Datathathasbeenpreviously downloadedcanbere-downloaded using the Prepare USBtool describedin appendix
7.1

©2020 GeoSLAM 9 ZEB-HORIZON User Manual v1.3



3.5  FILE NAMING

Files are automatically namedin accordance with the start date and time of the dataset recording (with respect to the
time/date set onthe datalogger clock) inthe form YYYY-MM-DD_hh-mm-ss.zip

An example file name for a dataset recorded at 13:41 on 31! October 2018 is:
2018-10-31_13-41-26.zip

The system date/time canbe changedusingthe Prepare USBtooldescribedinchapter7.1. The
ZIP file contains two files:

YYYY-MM-DD_hh-mm-ss.geoslam - file containing the raw scan data
YYYY-MM-DD_hh-mm-ss.params - file containing key parameters used for data collection

3.6  SHUTTING DOWN AND LED ERROR STATUS SUMMARY

Toshutthe ZEB-HORIZON datalogger down long press the power button until two beeps are emitted. The REVO
and DATA LED’s on the data logger will alternate RED until the system powers down.

I Do not turn the data logger off until the DATA LED is off.

REVOLEDondata LED array on scan head Description
logger
k-2 BLUE flash : Data logger booting
o BLUE o000 BLUE Connecting to scan head
RED pulse REDLED Scanner is in standby mode
o 0000 strobing fromleft
toright
@ RED o000 RED Scannerabouttoenterinitiationmode
ORANGE ORANGE The scanner is in initiation mode
flash flash
o GREEN o000 GREEN The scanner is scanning mode
DATALEDondata
logger
ORANGE - - Scan data is being formatted
I Do not turn the data logger off
@ GREEN i - Dataistransferringto USBmemorystick
IDonotremovetheUSB memory stick

Table 3-1: ZEB-HORIZON LED status summary
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REVOLEDondata LED array on scan Description
logger head
¥ Single FeHeHeH Single
RED RED Laser sensor not detected
flash flash
: 3 Double BT = Double
* RED flash A HeHe RED flash | IMU sensor not detected
¥ Triple R = Triple
** RED flash iﬁi‘*‘* RED flash | Laser and IMU sensors not detected
ORANGE ORANGE | DataloggerturnedoffduringDataFormatting
Shut down paused until data formatting is
complete
Table 3-2: LED ERROR status summary
©2020 GeoSLAM 11 ZEB-HORIZON User Manual v1.3




This chapter provides guidelines for how the ZEB-HORIZON should be used to achieve the best possible results.
Prior to conducting a survey, the user should plan the proposed survey path in order to identify potential problem
areas, e.g. feature poor environments, doorway transitions and stairwells. In these areas, the user should plan
how to conduct the survey taking into account the recommendations in this chapter. The plan should also make
provision for “closing loops” wherever possible. Please adhere to these guidelines in order to achieve the best
results.

4.1 THE ENVIRONMENT

The SLAM algorithm used to process the raw laser scan data into a 3D point cloud relies on there being features in
the scanned environment that are repeatedly scanned as the operator passes through the scanned
environment. For a feature to be significant the ratio of its size to its range must be approximately 1:10, e.g. at 5m
range for afeature to be significantit mustbe >0.5min size. ‘Feature poor’ environments include open spaces and
smooth walled passageways. In smooth walled passageways there may not be sufficient features in the
direction of travel for the SLAM algorithm to determine forward motion. In feature poor environments we
recommend the following steps are taken:

o Ifpossible augmentthe environment with additional features. e.g. boxesin acorridor or aparked vehicle in
an open field.

e Ensure that whatever limited features are available are scanned repeatedly as you move through the
environmentby pointing the ZEB-HORIZON in the direction of the feature. By doing so more measurement
points are made of the feature increasing the likelihood that it will be used by the SLAM algorithm. This is
particularly important when the feature is at long range (>10m). e.g. when scanning a smooth walled
passageway where the only feature inthe direction of travel is the end wall or door.

¢ Avoid scanning moving objects (e.g. passing pedestrians or vehicles) as the SLAM algorithm may lock on
to these objects as static features.

4.2 LOOP CLOSURE

The SLAM algorithm used to process the raw scan datainto a point cloud uses a method analogous tothe Traverse
technique usedin survey practice, inthat a previously known position is used to determine its current position. This
method canresultinthe compounding of any error introduced causing measure position to “drift”. Itis good survey
practice to “close the loop” by re-surveying a known position so that the compounded error can be spread around
theloop.

As aminimum, itis required that the operator must start and end the survey in the same position to ensure at
least one loop closure. However, itis recommended where possible that the operator closes the loop as often as
possible in orderto minimise error and improve the accuracy of the resulting point cloud.

Ingeneral,itisbettertodocircularloopsratherthan“thereandback”loopswherethe surveypathsimplydoubles back
on itself. This applies to horizontal and vertical loops, i.e. if possible enter and exit through different doors, move
between floors via different stair wells.

Itisimportant to scan the closed loop regions carefully to ensure the key features are scanned from a similar

perspective. It may be necessary to turn around if you return to a region from a different direction. This is
particularly important in feature poor environments.

4.3  TRANSITIONING BETWEEN ENVIRONMENTS

Extra care must be taken when transitioning between environments, for example passing through a doorway or
turningthroughatightbendtoavoidintroducingerrors. Whentransitioningbetweenenvironmentsthelocalview may
change abruptly and the SLAM algorithm may have difficulty placing the new environment relative to the previous
environment. This may resultinrooms either side of adoorway being slightly misaligned.

Transition through doorways slowly and ensure that there is a period when the scanner can view features on both
sides of the doorway (i.e. into both rooms).

Tryto open all doors before starting the survey. Avoid scanning doors as they are being opened. If necessary, face
away from the door and open from behind then pass through the doorway backwards.
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Transition aroundtight bends slowly and ensure that there is a period when the scanner can view features on
both sides of the bend.

Take care when transitioning from an enclosed feature rich environment to an open feature poor environment, for
example exiting a building. It may be necessary to turn and face the exit and the exterior of the building if no other
features are within range.

Avoid scanning any other moving objects (e.g. walking pedestrians) as you pass through a transition.

4.4  WALKING SPEED

Itisrecommended that data is captured at walking speed to ensure good coverage and high-resolution data. If the
forward movement is too fast there may not be enough repeat scans of features for the SLAM algorithm to be able
to process the raw laser data into a point cloud.

4.5 MINIMUM AND MAXIMUM RANGE

Data within a small range value is not processed (by default) to eliminate data from the scanner operator being
included in the final point cloud. Avoid close proximity to walls and ceilings.

The maximum range of the scanner is 100m. This range will only be achieved in optimal conditions (indoors with
goodtargetreflectivity). The typical maximum range will be 60-80m in most conditions. Itisrecommendedthat the
range is keptto less than 50m where possible to ensure good point density and to assist the SLAM algorithm.

4.6 DURATION OF SCANNING

For very large surveys the project should be broken down into more than one scan mission. This is to avoid very
large file sizes as well as reduce any drift that might be created in the data. It is recommended that each survey is
limitedto 30 minutes. At slow walking pace, itis possible to cover 1000-3000m of survey distance.

4.7 SURVEY AREAS WITH RESTRICTED OR DIFFICULT ACCESS

The scanning head can remain stationary for short periods of time whilst the operator negotiates difficult access
points (e.g.tightsqueezesincavesystems). Thescanningheadcanalsobeheldinthehandandmovedupand
down to mimic the normal oscillating motion for short periods of time to assist transition through survey areas with
restricted or difficult access.

4.8 MOVING OBJECTS IN THE ENVIRONMENT

Inmost case the SLAM algorithm s able to handle moving objects in the environment. In order to estimate the
sensor trajectory the algorithm assumes alarge proportion of the environment is static. However, in some feature
poorenvironments where 3D structureis lacking in some dimensions, moving objects can have a greaterimpact on
the solution. In particular, moving objects should be avoided in long tunnel-like environments (e.g. corridors),
relatively open spaces and when transitioning through doorways.

Itis best practice notto have other people closely accompany the operator duringthe scan acquisition as they will be
scanned throughout the map leaving streaks of data and potentially corrupting the solution in feature poor
environments. If people are required to follow the operator they should ideally maintain a distance of 20m or more
from the operator.
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Itisnecessarytoprocesstherawdatacollected by the ZEB-HORIZON using GeoSLAM’s 3D SLAMalgorithm
to generate a homogenous 3D point cloud of the environment that has been mapped. This is done using the
GeoSLAM Hub processing software.

5.1 GEOSLAM HUB SOFTWARE
Installation of GeoSLAM Hub software is described in a separate User Guide.

Before the raw data can be processed is must be extracted from the zip file downloaded from the ZEB-HORIZON
datalogger. Copy the zip file from the USB memory stick used to download the file from the data logger to a
suitable folder on the PC running GeoSLAM Hub and extract the dot geoslam file (YYYY-MM-DD_hh-mm-
ss.geoslam). Toextractafilefromazipfilerightclickonthezipfileandselect“ExtractAll...”fromthe drop-down list.

Startthe GeoSLAMHubapplicationanddraganddropthedotgeoslamfile(YYYY-MM-DD_hh-mm-ss.geoslam) to
be processedintothe “Drop datasets hereto process” field onthe userinterface shownin Figure 5-1.

DATA

0 Darasets

Figure 5-1

The dataset will be imported into GeoSLAM Hub and will automatically start to process. After approximately the
sametimeittookto capture the datasetthe processing of the dataset should be complete and become available for
viewing and post-processing as shown in Figure 5-2.
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Last modified Recencly modified firsc

1Dataset

o/ 2018-10-28_12-56-46 P

Figure 5-2

Toviewthe processed dataset, click the VIEW button nextto the file name in the datasetlist. A3D view ofthe dataset
opens in a new GS View window.

| B 65 view - o x

Controls:

Lighting

Point Colour

L

Background

GRAD  DLACK  WHWITE  NONE

Figure 5-3
Further instructions for data export and the other post processing options in GeoSLAM Hub are described inthe
separate GeoSLAM Hub User Guide.
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6.1 SPECIFICATION

Output voltage 14.8V nominal

Capacity 6.1Ah (+/-5%) 90Wh

Charge voltage 16.8V

Weight 0.57kg

Charging temperature  0°C to 40°C

Life cycle >300 cycles

Protection Over current, over voltage, under voltage, thermal
Transportation UN 38.3 transportation test certified

Table 6-1 Battery Specification

6.2 RECHARGING

Plug the charger into the AC mains — the LED light will glow green.

Plugthechargerleadfirmlyintothe batterythe LED lightwillchange toredtoindicate charging. When

the LED lightchanges back to green, the battery is fully charged.

Disconnect the charger from the battery and from the AC mains.

I Do not leave the charger connected to the battery for long periods after the battery is charged.

6.3 CAPACITIY AND RUN-TIME DISPLAY

Asingle button press of the display button on the side of the battery shows a percentage figure of available
capacity, to a resolution of 1%.

Theaccuracy ofthedisplayismaintainedbytracking battery performance andadjusting calibrationvaluesto
compensate for the ageing of the cells.

When battery is fully-discharged the display will indicate as below.

When the battery is fully charged the display will indicate 100%.

When connectedtothe ZEB-HORIZON thatis powered on, two presses of the battery’s display button will show a
predicted run-time against the given load, expressed in hours and minutes.
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The Capacity display senses the orientation of the battery and adjusts to ensure legibility.

6.4 BATTERY CARE

DO NOT dispose of in normal household waste.

DONOT attempttodismantlethe battery.

DO NOT short circuit the battery.

ONLY usethechargersuppliedwiththe battery.

Thebattery shouldbe chargedfully before use.

If storing the battery, store in a charged state. Recharge after every 6 months.

Excess heat will degrade the battery rapidly. Always store the battery ina cool dry place. DONOT leave forlong
periods in the sun or in a hot vehicle.
Itisrecommendedtorechargethe battery within 12 hoursiffully discharged.

Thebatteryis splashproofbutnotwaterproof—donotimmerseinwater.

6.5 TRANSPORTATION

The battery has been tested and passed section 38.3 of the UN Manual of Tests and Criteria (UN Transportation
Testing) as required by the IATA Dangerous Goods Regulations (2016), Section 2.3.5.9. The battery is below the
100Whlimitfortransportation onpassenger planes. Forthe purposes of airtransportation, the batteryis classed as
“Packed with equipment” (ICAO/IATA Packing Instruction 966, Section Il) — Cells or batteries contained in a
package with associated electronic equipment. Special rules may apply tothetransportation of spare batteries. It is
recommended that you check with your local air transportation safety authority and/or the proposed air carrier for
specific requirements on lithium battery transportation.

Never ship a damaged battery by air transportation.
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PAG Lid.

565 Kingston Road
London SW20 8SA
United Kingdom

PAG /il

Air Transport Certificate |
for PAG Li-Ion Batteries

PAG Ltd. London, England |

hereby declares that the PAG L90 Slim Lithium-Ion battery has !
been tested and certified by Intertek Group PLC to comply

with the UN Manual of Tests & Criteria, Part III, subsection
38.3 as required by the IATA Dangerous Goods Regulations |
(2016), Section 2.3.5.9.

PAG L90 Slim Battery Test Report Number: 102471069
In addition to UN testing, this Li-Ion battery has an
individual Watt-hour rating below 100Wh. This rating is in
compliance with the IATA DGR (2016) which states:

(a) each installed or spare battery must not exceed:

2. for lithium jon batteries, a watt-hour rating of not more
than 100Wh.

Signed for and on behalf of PAG Ltd.

y%« Srren2

Alan Lavender
Chief Executive
Date: 01.04.16.
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7.1 APPENDIX 1 - USB PREPARE TOOL

A basic Window application called USB Prepare has been created to enable users to perform some basic
interaction with the ZEB-HORIZON data logger. The USB Prepare tool can be obtained by emailing
support@geoslam.com

©_ ZEB - Prepare USB — X

Drive

Options
[C] Download Log File
[C] Delete Al Files
[C] Download All Files
Download Specific File(s)
[2018-10 |
[[] Set Time and Date
[07 January 20191142 ,\

Prepare About

Figure 7-1
The following tasks can be performed:

Download LogFile
Delete AllFiles
Download AllFiles
Download specific Files
SetTime and Date

To perform any of the above tasks, insert a USB memory stick into a USB port on your computer and start the USB
Prepare Tool. Select the Drive letter for the USB memory stick (see Figure 7-1) and check the tick box against the
task you want to perform.

To Download Specific Files, enter the date of the required files (YYYY-MM-DD). The example in Figure 7-1 will
download all data collected during October 2018.
To Set Time and Date, enter the required time and date.

Click Prepare and a small command file will be written to the USB memory stick. Ejectthe USB memory from the
computerandattachedtoittothe ZEB-HORIZONdatalogger. Startthe dataloggerandtherequestedtask(s) will be
performed after the data logger has booted. For the download tasks, the data will be written to the USB
memory stick. If you have selected Download All Files a USB memory stick of atleast 128GB is recommended.
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7.2  APPENDIX 2 - DIMENSIONAL DRAWINGS
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