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1. Introduction

1.1 Scope

This document outlines European and German pharmacopeia compliance of cannabis analysis service
provided by GemmaCert. GemmacCert equips its customers, including phasi®s, with cannabis analysis
solution comprising GemmacCert device, GC app and access to GemmacCert backende below depicts
GemmacCert cannabis analysis solution.

(€3

Bluetooth

\

6. Browse

Administration &

GemmacCert Smartphone Backend (at AWS) Customer Portal
Support

Figurelz GemmacCert Cannabis Analysis Solution

Solution components operate in concert and no component may provide any useful service on its own.
Accordingly, their complianceannot be verified stand alone.

GemmacCert solution is developed entirely4muse. Development comprises GemmaCert device desig
manufacturing & qualification, software deployed in all components, Reference Library collection and
chemometric model development & validation. Accordinglyhis document need not refer to any
external material or compliance references by parties outld GemmacCert.

Release 1.0 of this document addresses classification only, i.e. identification of analysed sample as
cannabis or norcannabis. Reference to quantitative analyses is provide herein as background only.

1.2 Definitions and abbreviations

Term/Acronym Means Comments

a.k.a. Also known as Alternative term; synonym

AWS Amazon Web Services Host GemmacCert Backend

BIT Built In Test Set of device seHests conducted
autonomously

CET Central European Time

EMC Electro MagneticCompatibility
Factory Acceptance Test Internally referred as FT (Final Testing)
FT Final Testing
GC GemmaCert
HW Hardware
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IMCA Israel Medical Cannabis Authority| Branch of the Health ministry serving as

domestic cannabis regulator

ISRAC Israel Laboratory Accreditation
Authority

Laboratory User Interface

LabUl Software used by staff to record and

maintain lab analyses results

LED
NIR
NIRS
OTS
SW

QC

Light Emitting Diode

Near Infrared

Near Infrared Spectroscopy
Off The Shelf

Software

Quality Control

Not developed inrhouse

QM

Quality Management

Tablelz Abbreviations & Definitions

1.3 Applicable norms and standards

Standard ref.

Title

Relevance

Comments

Ph.Eur. 2.2.40

EuropeanPharmacopeia, NIR
Spectroscopy chapter

Guiding
document

EMEA/CHMP/CVMP/QW
17760/2009 Rev2

Guideline on the use of near infrare(
spectroscopy by the pharmaceutical
industry and the data requirements
for new submissions and variations

Guiding
document

TUV

Compliance Certificate

Device safety
compliance

See Appendix B

ISO/IEA70252017

General requirements for the
competence of testing and
calibration

laboratories

Reference
Library quality

GemmacCert
Lab, generating
the Reference
Library,is ISOG
certified;
Accreditation
Certificate No.
457by Israel
Laboratory
Accreditation
Authority

IEC 610H0:2010

Safety requirements for electrical
equipment for measurement,
control, and laboratory usez Part 1:
General requirements

Compliancez
Safety

GemmacCert
device has
passed
compliance
tests by
accredited lab

EN 61014:2010

O

Compliancez
Safety

o

EN 301484 Vv2.1.1 2017

ElectroMagnetic Compatibility
(EMC) standard for radio equipment]
and services; Part 1: Common
technical requirements; Harmonised
Standard covering the essential
requirements of article 3.1(b) of

Directive 2014/53/EU and the

Compliance
EMC

GemmacCert
device has
passed
compliance
tests by
accredited lab
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Standard ref.

Title

Relevance

Comments

essential requirements of artia 6 of
Directive 2014/30/EU

EN30148917 \2.2.1 2017

ElectroMagnetic Compatibility
(EMC) standard for radio equipment]
and services; Part 1: Common
technical requirements; Harmoised
Standard for ElectroMagnetic
Compatibility

Compliance
EMC

EN610065-1:2007

Electromagnetic compatibility
(EMC). Generic standards. Immunity
for residential, commercial and light
industrial environments

Compliance
EMC

EN610065-3-2007

Electromagnetic compatibility
(EMC). Generic standards. Emissiof
standard for residential, commercial
and lightindustrial environments

Compliance
EMC

EN61324

EMC Emissions/Immunity
Requirement Changes for
Laboratory Equipment

Compliance
EMC

EN 300 328 v2.1.1

Wideband transmission systems;
Data transmission equipment
operating

in the 2,4 GHz ISM band and

using wide band modulation
techniques;

Harmonised Standard covering the
essential requirements

of article 3.2 ofDirective 2014/53/EU

Compliance
Radio

FCC, part 15, subpart B

Equipment Authorizationz RF

Device

Compliance
Radio

Table2z Standards & Norms
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1.4 Integration in the QM system

GemmacCert QM comprises multiple components, associated with hardware, softwdReferenceLibrary
quality, configuration control, change management, release procedures, service monitoring, feedback &
improvements.

GemmacCert multtechnology nature precluds relying on single set comprising repository, tool &
procedure to address all. Hence GemmaCert QM would be best explained first decomposing it into
repositories, tools & procedures employed and then providing integrated view.

GemmacCert employs repositoeslisted in the table below

Repository Hosted by | Serves Comments
GemmacCert Microsoft | Requirement documents
Sharepoint Specification documents
Device production file
Compliance test reports
User Guides & Manuals
Github Github GemmacCert deviceode
GemmacCert FEode Device software executing FT
GC Appode

Backendcode
Chemometrycode
GemmacCert Device configuration
Production Device test results

domain Device calibration
Devicedependent attributes
Operator dependent attributes | Access to applications, analyses
controls & thresholds

50A006 OAx ODPA
50A006 AT Al UOA
50A006 AT i1 AT O(Free textfields describing samples
Chemometric Models Outlier & Estimation models
GemmacCert Reference Library spectra
Reference Reference Library HPLC results
domain Reference Library sample data | Batch and individual sample
descriptions: supplier, variety etc.
SalesForce 50A 006 tickelsOOE A A | Both userentered and

support automatically generated tickets
Table3z GemmacCert Repositories

Access to all repositories listed in table abovedsedentials controlled GemmaCert doesiot maintain

any inhouseOADT OEOT OU AT A 11 EOAI OAI AET O OO0I OAA AO AA
Tools engaged for Quality Management include OTS tools andhguse developed proprietary ones.

Table below lists QM tools engaged.
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Tool Source Serves Comments
GIT OTS Software versioncontrol
GemmacCert In-house Device quality control
device FT
Host PC FT In-house Host PC runs Final Testing
procedure and records results
interfacing the Backend

Backend FT Analyzes various measurements tg
identify pass/fail, conducts
calibration and records all results

LabUl In-house Reference Library quality
GCA web In-house
service

Outlier & In-house
Estimation

Barcode reader | OTS

Model In-house Model quality
Administration

Batch In-house Regression tests following model,
Estimation parameter or threshold changes
GCA web In-house User service quality monitoring
service & anomaly detection

Automated In-house Accessed through GCA web sédce
Alert

SalesForce OTS Ticketmanagement
Table4 z GemmaCert Quality Management Tools

GemmacCert maintain several procedures to assure product & service qualities. These comprise:

Hardware amendment procedure

Model amendment procedure
Parameter/threshold amendment procedure
Software release procedure

Hardware amendment procedure

Hardware amendment procedure addresses both GemmacCert device and its accessories. The procedure
is triggered on either:

1 hardware design fault ® non-compliance detection
1 need for new functionality

GemmacCert device hardware is stable and no design faults have been detected between Q2/2019 and
Q2/2020. However, amendment had to applied to meet EMC compliance tests listed abang.
amendment modifies Hardware Version, which is recorded in Production database at FT. Hardware
Version is a art field structured as A.B.C. Most recent Hardware Versianthe time of compiling

release 1.0 of this document was 2.

GemmacCert device featuremodular design, where various analysed material forms are accommodated
by replaceable accessories, rather than device design changes. Consequerghd fior new functionality
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is answered through accessory development. Most recent accessory developed attilree of compiling
release 1.0 of this document was Extract accessory.

Hardware amendment procedure follows the steps:

1. Launch decision approved by CEO & CTO
2. Potentially few iterations:
a. Prototyping
b. Lab tests
c. Performance tests (in the evehof new functionality involves series of sample analyses)
FTverification
Review & Production decision approved by CEO & CTO
Retrofit decision by CEO & CTO (need devices in stock or received for servicing be retrofitted to
the amendment)

Model amendment procedure

Model amendment procedure addresses both replacement of deployed models and creation of new
models, e.g. first version of previously neaxistent Extract models. The procedure is triggered on either:

91 Detection of missing Reference Library coverage
1 Need & potentid for performance improvement through algorithm modifications
1 New functionality, e.g. Extract analysis

The latter trigger is initiated by Marketing, while the two former ones by Customer Supportie
procedure comprises:

=

Launch decision approved by CEO &C

Reference Librarysample collection specification by CTO
Sample sourcing by Lab Manager / ISO Manager
Sample analyses into Reference Library

Model Generation & Validation

Model Regression tests (Batch Estimations)

Lab tests (actual analyses, as perforrdeoy users)
Review & Production decision approved by CTO
Deployment in Production domain

©ooNO O~ WN

Parameter/threshold amendment procedure

GemmacCert strives to minimize the need for chemometric model replacement. To this end spectra
analysis is extensively parametrized, e.g. spectra validity thresholds and number of valid spectra required
to produce analysis results are configurable and mag bonfigured per customer, if so desired. Despite

the ease to amend parameters & thresholds, any such amendment is considered no less critical than
model amendment. Consequently, it is controlled by Parameter/threshold amendment procedure. The
procedure istriggered by Customer Support upon identification of potential performance improvement

for some users at least. Customer Support is equipped with extensiveatimate means, which allow
repeated analyses of user spectra under configurable parameter sags.

9 Detection of missing Reference Library coverage
1 Need & potential for performance improvement through algorithm maodifications

10
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1 New functionality, e.g. Extract analysis

The latter trigger is initiated by Marketing, while the two former ones by Custom8upport. The
procedure comprises:

1. What-f analyses by Customer Support & CTO

2. Regression tests (Batch Estimations)

3. Lab tests (actual analyses, as performed by users)
4. Review & Production decision approved by CTO

5. Deployment in Production domain

Software release procedure

GemmacCert device software and GC App software updates engage users. Depending on internet
connection quality at customer premises, device software update may last several minutes. Therefore,
GemmacCert strives to minimizaumber of thesesoftware updates.

Customer Portal and Backend software updates are entirely transparent to users, apart from very short
service outage on Backend software update. Backend software updates are routinely done between
7:30 & 8:00 CET on Sundays, thus minimizthe number of users potentially experiencing any outage.
Backend extensively serves service monitoring needs. Therefore, most of its updates do not reflect any
functionality change experienced by users. Rather, the updateguip GemmacCert staff wittbetter

insights intoservice quality.

Software update periodicity derives from considerations above:

Software Product Mandatory Optional Comments
update update
(months) (months)

GemmacCert Device 6 3

GC App 6 2

Backend 2 NA No optionality z applies to all users at once

Customer Portal 3 NA No optionality z applies to all users at once
Table5z Software Updates Periodicity

Customer Portal software release procedure comprises:

1. Change specification & review bylarketing, Software & CTO

2. Implementation & test by developer/s (in Test domain, entirely decoupled from Production)
3. Review & Production decision approved by CTO

4. Deployment in Production domain (no selectivity heredeployment affects all)

Backend softwae release procedure comprises:

Change specification & review by Software & CTO

Implementation & test by developer/s (in Test domain, entirely decoupled from Production)
Lab tests (actual analyses, as performed by users, in Test domain)

Review & Productiordecision approved by CTO

Deployment in Production domair{no selectivity herez deployment affects all)
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GC App software release procedure comprises:

1.

2.
3.
4
5

Change specification & review by Marketing, Software, Customer Support & CTO
Implementation & test bydeveloper/s (in Test domain, entirely decoupled from Production)
Lab tests (actual analyses, as performed by users, in Test domain)

Review & Production decision approved by CTO

. Applicability decision by Software, Customer Support & CTO:

a. Mandatory vs. opticnal update
b. Identify updated customers(avoid bothering users not in need of the new functionality)
Deployment in Production domain (update database indicating applicable version pastomer)

GemmacCert device software release procedure comprises:

Changespecification & review by Software, Customer Support & CTO

Implementation & test by developer/s (in Test domain, entirely decoupled from Production)
Lab tests (actual analyses, as performed by users, in Test domain)

Review & Production decision approved b§ TO

. Applicability decision by Software, Customer Support & CTO:

a. Is update mandatory
b. Which users shall update (avoid bothering usen®t in need of the new functionality)
Deployment in Production domairfupdate database indicating applicable version per diee)
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1.5 Valid device, document and software versions

Valid versionsat the time of compiling release 1.0 of this documeate listed in table below. Note that
more than one version may be valid for any configuratiarontrolled item.

ltem Version | Release date Comments
GemmacCert Device HW 1.0
GemmacCert Device HW 1.1
GemmacCert Device HW  1.1.1
GemmaCert Device HWN 1.2 Amendments for EMC compliance
GemmaCert Device SW 1.1.38 No longer operative. Installed at devices not in
GemmaCert Device SW 1.1.38.4 use. Mandatory update upon first operation.
GemmacCert Device SW 2.2.0 28/10/2019
GemmacCert Device SW 2.2.03 | 24/03/2020
GemmaCert Device SW 3.0.15 2/08/2020 | Update from previous versions mandatory
GemmaCert Device SW 3.0.17 | 19/08/2020 | Supports GemmacCettite device Update for
deployed devices not mandatory.

GC App 2.1.0 28/10/2019
GC App 2.1.1 29/01/2020
GC App 2.12 22/04/2020
GC App 2.1.7 16/08/2020 | Mandatory update for operation
Backend 2.12 7/10/2020 | Updates transparent to customers
LabUI 2.9 21/01/2020 | Updates affect development only
Model 29.2.1.1] 4/10/2@0 | Updates transparent to customers
German Pharmacopeia| 1.02 12/10/2020 | This document

Compliance
GemmacCert Quick 1.10 21/3/2020 | Also included as Appendix in this document
Reference Guide

Table6 z VValid Versions

1.6 Scope of validation
Scope of validation evolves incrementally through releases of this document:

1 Releases 1.z Flower and Ground matter identification as cannabis / n@annabis
1 Releases 2.x Flower, Ground matter and Extract analyses for THC & CBD contents
1 Releases 3.x Flower and Ground matter analyses for Moisture content and for Mold presence

In all releases above validation shall demonstrate results accuracy irrespective of device used.

1.7 Limits of NIR technology

Cannabis analysis based on NIR technojoigcestriple challenge:

1 Plant material exhibits overlapping spectra of various molecules
91 High water absorbance in NIR bands
1 Cannabis flower norhomogeneity

Thetwo former challenges arenon-specific to cannabis. Unlike synthetic samples, such as various
polymers or pure materials, plant matter comprises multitude of different moleculek high
concentrations each of these molecules could have a very distinct spectrum. In blend they posda
rather nondescript waveform, void of evident peaks.

13
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Water content in plant matter varies substantially. Water absorbance bands, if included in analysed
spectra, may result in spectra variability, unrelated to analyses target, eventually resultinfaise
correlations between spectra and target molecule content.

The latter, nonhomogeneity, is specific to cannabis flower analysis. Cannabis s@mogeneity
expresses in both physical & chemical properties

Physical nohomogeneity refers to analyzedlowers featuring varying sizes and irregular shapes. These
challengeNIRanalysis because its results are very sensitive to distance. Furthermore, varying sizes may
result in sensor examining area, where there is no sample.

Chemical norhomogeneity refers b uneven active ingredient distribution across analyzed flower.
Uneven active ingredient distribution manifestboth visibly and through chemical analysikirst figure
below depicts trichome density of a cannabiiower ; significant because over 90% ofraabis active
ingredients are contained in trichomed.eft to right the figure shows raw closeup photo, trichome map
identified by dedicatedimage analysislgorithm and trichome density map styled as a thermal image.

Figure2z Cannabis Floweélrichome Density Example

Next two figures depict CBD & THC contents in various parts of the same canniédoiger, accomplished
by cutting everyflower into a few pieces and analyzing each piece by applicable chemical analysis means
(HPLC).

28.00
26.00
24.00
22.00
20.00

18.00

THC total

16.00
14.00
12.00

10.00

8 9 10 11 12
Flower number

Figure3z THC Contents in Flower Piecewise Analyses
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Total CBD

8 9
Flower number

Figure4 z CBD Contents in Flower Piecewise Analyses

In addition to the above, NIR analysis of cannabis faces challenges common to@pitjcal analysis of
plant material:

1. Examined samples tend to be sticky, potentially polluting sensor lens. Cannabis buds are
particularly sticky, as large fraction dlower volume and weight are trichomes, composed
mostly of resin.

Examined samples produce fallout, potentially polluting sensor lens and clogging equipment
internals over time. Cannabifiowers produce plenty of fallout because they are dried to very
low level of moisture to avoid molding and extend shelf life. Dryingnakesthe flower lose
elasticity and weakesits structure.

GemmacCert addresses these challenges employing combination of visible image analysis and motion
mechanics. Visible image analysis allowsteletion of analyzed flower shape. Motion mechanics allow
positioning spectrometer at desired locations and distances from the analyzed flower and measuring
spectra at any number of locations desired.

GemmacCert avoids results confusion by varying water cents by excluding water absorbance peak
band from analysisat the time of compiling release 12of this document This is a temporary exclusion,
as GemmacCert has moisture content measurement on its roadmap, upon implementation of which
moisture effects wil be fully accounted for.
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2. Validation documentation
Customers instructiondetailed in this chapter outlines validation procedure conducted to verify sample
classification as cannabis or necannabis functions as expected and delivers valid resulisstructions
detailed herein are stated as list of required actions, under thesmamption that user is familiar with
device and smartphone app operation. Operatioguick referenceis enclosed in Appendix A or this
document.

2.1 Procedural instructions
Table below lists user actions and expected results validating correct functioning.

User Action Expected Result
Login into GC App with wrong password Login failsz verifies nofake possible
Login into GC App with correct password Login succeeds
Connect Device to power and wait 2 minutes White light at device top blinks
Connect GC App to the Device Blue light at device top stable
2AAA O! Al 60606 Product versions displayed as detailed
inO6 Al EA 6 AOOET 1 06
Analyse Flower without placing any sample @revice GC App advises to verify sample
placement
AnalyseGround without placing any sample in device | GC App advises to verify sample
placement
Analyse 8 norcannabis samples as Flower GC App advises to verify correct
sample
Analyse 8 intact cannabis flowers as Flower GC Apponfirms cannabis
Analyse 8ron-cannabis samples as Ground GC App advises to verify correct
sample
Analyse 8 intact cannabis flowers as Ground GC App confirms cannabis

Table7z Validation Procedure

2.2 Sample acceptance and rejection

Rejected samples are samples for which analysis has produced no results. GC app displays and actionable

user guidance to amend the situation if possible.

Analysed sample may be rejected for a variety of reasons, including sample identification as non
canmabis-OT OO1 EAO6 ET DHOI £ZAOOET T Al OAOI 08
spectra. Spectra may be found invalid for variety of results:

1 device experienced shock or vibration during measurement

1 sample has not been placed corrdy
1 measured signal too weak, e.g. due to sample sparsity

Onlyvalid spectra proceed to comparison to GemmaCert cannabéference databasefor identification.
Finally, if number of remaining nonnejected spectra is above threshold, they are analysed toogiuce
cannabinoid content. Figure below depicts the flow.

i A/
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Produce
Results

For every measured spectrum Y I

Measure | _| Enough
Spectra spectra?

N

Corrective
action
guidance

Figure5z Sample Spectra Acceptance and Rejection

Therefore,non-cannabis samples may be rejected as invalid spectirior to comparison to cannabis
database.

2.3 Substancetable

Plants, widely available at spice shops, are difficult to place within the device due to dried leaf tendency
to fall apart. With some effort analysis of dried sage, basil, thyme, parsley and tobacco leaves can be
attempted. User is advised to avoidhin samples such as a single sage or tobacco leaf, as these do not
pose identification challenge. Several leaves may be stacked together to produce a useful sample. Dried
flowers of sage, basil and lavender are suitable alternatives.

GemmacCert uses plantsyhich can be conveniently pierced on the flower pin without falling apart
Common hop HomulusLupulus) is of particular interest, being member of th€annabaceadamily
along with Cannabis makes it ideal to examine potential confusion.

Table below proposes substances to be used for validation. These include cannabis samples to be
identified as such and noftannabis samples to be rejected as naannabis.

# | Category Samples
1 | Positive Dried intact cannabis flowers
2 | Negative Dried Algerian tea, Anise, Butterfly pea, Cactus flower, Chrysanthemus,
Dianthus spp, Helichrysum arenarium, Common hop, Indian rose, Lavend
Mayweed, Moroccan rose, Punica granatum, Red clover, Tagete erecta,
Tanacetumand other flowers

Table8 7 VValidation Samples

User may select other substances of netannabis plant matter. Note that all substances must be dried
to avoid device soilage.
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GemmacCert has validated cannabis identification through analyses of cannabis and plahtshwmay
cause erroneous results, listed above. Table below details validation outcome.

Analysis outcome
Samples y

Accepted Rejected
Cannabis 100% . 0%
i OFAT OA ]
1%
x P 0
i OFAT OA 99%
Table9 z Outlier Detection Performance

Non-cannabis

Occurrence of 1% false positive attributeto a single plantz dried Lavender flowers. The high figure of
1% is result of Lavender analysis repeated multiple times to identify a solution. While 9b&venhder
analyses resulted in rejection, some have not been rejected and produced erroneous results.

It appears that oils composition in Lavender resembles that of Cannabis, or at least their respective
effects in measured spectra resemble. GemmaCert comtes work to resolve this Lavender challenge.

3. Structure of the reference library

3.1 Origin of the data for the reference library
Reference library creation and continuous maintenance comprises procurement of cannabis flowers
from growers, measurement of thé spectra by several GemmacCert devices, sample preparation
towards HPLC analysis, HPLC analysis and finally association of measured spectra with HPLC analysis
results, servingas spectra chemometric labels.

Reference library creation and maintenance ismaucted mostly at GemmacCert thouse ISCcertified
analytical lab. However, full coverage of the various cannabis varieties, cultivation process effects, drying
procedures and other variability causes do not allow relying on cannabis flower supply in Ge@ena

home market alone. Full coverage database mandates inclusion of sampldtivates and processed
abroad.

Complete ban on cannabis delivery across most national borders, as well as state borders within USA,
precludes transport of cannabis to GemmaCaédrt-house lab. Consequently, GemmacCert occasionally
conducts library collection sessions abroad, in Europe and in USA. These sessions are conducted at
qualified labs, equipped with up to date HPLC equipmeamd other essential tools. Spectra
measurement onthese sessions is conducted by GemmacCert staff, dispatched for that purpose. HPLC
analyses are conducted by the host lab staff, following HPLC protocol review by GemmacCert ISO
manager and GemmacCert Lab manager.

To date GemmaCert has conducted HPLC analysesveir 8000 samples About 80% of thesdnave been
analysed at ifhouse lab and the remainder at labs in Europe and USA.

3.2 Scope and selection of data for the reference library
GemmacCert has established initial versions of its reference library by random procurement of samples
from domestic authorized growers. To this end GemmaCaeavhs granteda permanent procurement
licenseby IMCA (Israel Medical Cannabis Authority), branchtbfe Health ministry serving adomestic
cannabis regulabr.

18
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Following said initial version establishmertemmaCercommencedcontinuous monitoring of the
cannabis market to identify potential gaps iits reference library.Gaps are identified by monitorig
publicly available data sources, engaging with selected customers and automated monitoring of
AOOOI I A0 AT Al UOGAO xEEAE OOOI1

I 001 EAOOO6 Q8 5 dverifyingeakekererE liEtary da@eminiaCert designs and conducts a
gap-closing session, either at home or abroad.

Reference library contents at the time ofompiling release 1.0 ahis document are depicted as Total
THC vs. Total CBD chart below.

Total CBD vs. Total THC (7445 samples)

Q
o
Q
©
)
[

Total THC

Figure6 z GemmaCert Reference Library Composition

Evidently, not all THEBD combinations exist. Some of the white portions in the chart above could

attribute to inherent plant nature; e.g. despite some claims on THC contents over 30% GemmacCert has
found no such evidere apart from some rare examples; this is further contfired by experienced

COl xAOO8 Al AEi OEAO 4(# PI OO #"3$ ATTOAT O T AU T AOA
break through conventional or GMO breeding.

Much of the white portions in the chat above likely attribute to lack of market interest in such

compositions. Such portions could be populated at no notice, due to market interest developing at

some, possibly remote, market. ATl | A# AOO AAAT I A0 AxAOA 1T &£ OOAE AbDPD
anayses resulting in model outliers.

In addition to monitoring appearance of previously unencountered composition, GemmaCaldo

monitors coverage density. To this end GemmacCert has specified 9 cannabis composition categories and

has partitioned everycategory into narrow contents slices. GemmacCert strives to populate every such
slice with 80 samples at least.
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Spectra of every sample is measured both as an intact flower and as ground matter. Hence in effect
number of reference library records is doubléhe number of HPLC analyses.

3.3 Mathematical pre-treatment of spectra
Spectra in reference library do not automatically qualify for chemometric model generation. Rather,
certain filters are applied to remove corrupted or otherwise illegal spectra. Spectra nayn invalid for
various reasons, attributing to human error, environmental conditions or sample nature. Some examples
below:

No sample inserted into devicg human error

Sample placed inaccurately human error

Vibration z environmental conditions

Shockz usually human error, but could attribute to environment as well
1 Very sparse samplg sample nature, particularly characteristic of hemp

Invalid spectra areexcluded from chemometric model generation applying series offilters to
Reference, Darland Reflectance spectra:

1 Reference spectra filters

o Minimum signal level

o Noise

0 Shape (peak analysis)
1 Dark spectra filters

o Noise

0 Shape (peak analysis)
1 Reflectance spectra filters

o Minimum signal level

Spectrafound invalid areexcluded from chemometric model generationyet theyare neither deleted

nor marked invalid. These spectra remain in reference library, as exclusion criteria may change over time
due to accumulated experience and/or prprocessing improvements which allowio recover earlier
unusable spectra.

Reference, Dark and Reflectance spectsarveinputs to Absorbance calculationAbsorbance is

calculated per standard industry formula and then homogenized applying proprietampssdevice
calibration. Crossdevice calibration brings spectra measured by various devices to a common base, such
that inherent differences between sensorembedded in various devices no longer show in spectra. The
process relies orspectral characteristics of devices acquired by dedicated calibration conducted at FAT

i ABEBA8 O&ET Al 4AOOET co6(Qs8

Absorbance pectra are not yet suitable for chemometric model gemation. Suitability of Absorbance
spectra are examined applyingpllowing filters:

1 Noise
1 Shape (peak analysis)

The rationale of applying filters also to Absorbance is the possibility of Reflectance and Reference being
valid, while their ratio is not.

Figure below depicts spectra processing sequenseSequence outlind in text above is depicted by the
AECOOA OACi AT O TAI AA O-TAAT &1 x08
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Figure7 z Spectra Processing Flows

Thedevice is lightweight, therefore pronego spectra corrugtion due to environmental conditions or user
even slightly moving the device during operation. GemmaCeerceivessuch occurrencesinavoidable
and attempts compensating for these by statistical means. Accordingly, multiple sample spectra are
measured dumg analysis. These spectra are measured at various sample locations, which also helps
coping with sample norhomogeneity.

Reference library measurements comprise 24 spectra per sample. Thanks to stable environment and
skilled team, measurements conducted at GemmaCerthiause lab mostly produce all 24 spectra valid.
This may not necessarily be the case when reference libraryneasured at other locationsThis is the
rationale for extensive spectra validation as outlined above.

Minimum number of valid spectra is mandated to provide analysis results to customers. No such
mandate is applied to reference library measurements; anumber of valid spectra per samplare
utilized to generate chemometric models.

3.4 Creation of the reference library
3.4.1 Software used

Reference library comprises sample spectra measured by multiple GemmacCert devices and sample
compositions produced by HPLC alyses. Accordingly, reference library production relies on software
componentsoperating the device and recording its measurements, identical to the software serving
operation by customers, and LabUI software used to record and retrieve HPLC results.

Figure below depicts reference library spectra collectiorsoftware products used are listed in smaller
font underneath every component name.
























































































