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Abstract

Deliverabl e 4.9, protocdlstfor deployndedt effsénsor node davices If , within WP4 Task
4.2, is the second of three deliverables (D4.2, D4.9, D4.10).

D4.9 takes a step further from the p revious D4.2 on the protocol for the deployment of sensor node devices.
Specifically, this deliverable provides basic operational procedures to identify the number and location of
sampling points in the spaces dedicated to exhibition or storage of cultural objects.

The protocol for the deployment of sensor nhode devices (humber and position) is provided for two possible
circumstances that can be experienced: i) artwork -related deployment, where there are as many sensors as
the number of artefacts; ii) artwork-envelope-related deployment (Museum Scenario | and Il), where a given
number of sensor node devices is set.

Examples of the protocols are p rovided for two museums in the CollectionCare project: Alava Arms Museum
(Spain) and Museo delle Origini (kaly).

The protocol for the deployment of sensor node devices in the artwork -envelope-related deployment
(Museum Scenario 1) was successfully appliedin the real context of the AlavaArms Museum (AAM).
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Abbreviations Acronyms Glossary

AC Air Conditioning

AV Available

CcC CollectionCare project

CR Condition Report

AAM Alava Arms Museum of Diputacién Foral de Alava
DFA Diputacién Foral de Alava

DX.X Deliverable number

MR Mixing Ratio

MS Museum Scenario

N/A Not Available

RH Relative Humidity

T Air Temperature

TX.X Task number

UPv Universitat Politécnica de Valéncia
URO1 Sapienza Universita di Roma

WP Work Package
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1. Introduction

This document is part of the CollectionCare project, Horizon2020 Grant Agreement number 814624. The
overall aim of the project is to develop an Innovative and affordable service for preventive conservation
monitoring of individual cultural o bjects during display, storage, handling and transport.

The present document is Deliverable 4.9 (D4.9), headed 3 Def i ni ti on of prmdfseeosorl s f or
node devices wWwij with the de# ®020)iran tHe startrdatendf lthe pr@ect( Sept e
Deliverable 4.9 has been drawn up as part of Task 4.2 (T4.2) designated Xharacterize/parameteri ze the
installation of the sensingnhodeinsi de t he exhibition spacej, within Wor|
theWirel ess sensing systemj

The objective of T4.2 is the definition of operative procedures on the deployment of sensor node devices in
spaces dedicated to exhibition or storage of artworks. The devices are designed to monitor ambient indoor
climate variables (mainly temperature and rela tive humidity) that may have direct influence on the
deterioration mechanisms of cultural objects. The task is described in Annex 1 (part A) of Grant Agreement
n. 814624.

T4.2 has been structured in three phases, as reported in the Gantt Chart (Figure 1). Each of them is
documented in the corresponding deliverables t hat describe the progress made in each phase.

2019 2020 2021 2022

[3]als]el7]a]ofwlnlzl1]z]alals]el7]s]9ftwln]rl]2]3]a]s]6l7]a]slw0ln]mz]1]2]

) 1. Definition of D
Museum Scenario -

Figurel. Gantt chart of the main activities scheduled within Bk 4.2 (T4.2) as documented indliverablesD4.2, D4.9 and
D4.10

1.1 From D4.2 to D4.9

D4.2 focused on how to define the Museum Scenarios related to recurrent contexts of the indoor climate
and the identification of basic and advanced procedures (Figure 2).

Figure 3 shows the activities performed in the first seven months documented in the associated Deliverable
D4.2.
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MUSEUM SCENARIO

Deliverable 4.2
Museum Scenario | Museum Scenario I Museum Scenario lll Museum Scenario IV |

ADVANCED PROCEDURES
Deliverable 4.10

BASIC PROCEDURES

Deliverable 4.9

Figure2. The main phases ofask T42 of operative procedures on the deployment of sensor node devices

[31als]6]7[s]ofrolnfi2la]a]afa]s]el7lalofiofnfia]1]2]alals]e][7]aol10l11]12[1]2]
—pr— F7
1 1. Definition of //4///4
M Museum Scenario

The Museum Scenario conceptis based on:

;@ + Field measurement campaigns: horizontal and vertical maps of
thermo-hygrometric variables

|N * Long-term measurements of thermo-hygrometric variables

% How to associate a museum into its mostsuitable Museum Scenario m

q » On-site visits of the museum or ad hoc questionnaire®

“)Available to CC Museums on BaseCamp from April

Figure 3. Activitiesperformed in the first phase of Task 4.2 (T4.2) and documented in D4.2

The starting point of the proposed ap proach on the deployment of sen sor node de vices in small-to-medium
sized museums was the definition of four possible Museum Scenarios, based on the feasibility of conducting
field measurement campaigns and the availability of historical data, at least of temperature and relative
humidity (Table 1).
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Table1l The Museum Scenario schema (N/A= Not Available, AV= available)

111

MUSEUM SCENARIO

THERMO-HYGROMETER FIELD

v

TIME SERIES OF
INDOOR CLIMATE

CAMPAIGNS OBSERVATIONS
I No N/A
I Yes N/A
1l No AV
v Yes AV

The second step was to classify the museum into its corresponding most suitable Museum Scenario. This
classification is based on the recognition of general backgroun d information on the building and the
collection (S1), andthe environment (S2) where the cultural objec ts are preserved.

The classification can be derived by the team responsible for indoor climate monitoring through on

-site visits

to the museum and/or ga thered through an ad hoc questionnaire survey de veloped by URO1 with UPV. The

guestionnaire, which is designed t o

be filled

by

conservators, is structured into four main sections, as reported in  Figure 4.

2

s
Vgl

A

t he

mus eumAsSs

Information on the MUSEUM
v General information
v Museum BUILDING
¥v" Museum COLLECTION

Information on the MICROCLIMATE
¥" Indoor dimate variables
¥ Type of sensor
¥ Availability of outdoor measurements

Other information
¥ Use of European standards
¥ Use of national guidelines or standards

Comments

Figure 4. Structure of the questionnaireleveloped by URO1 with UPV and described in D4.2

A preliminary classification of Collection Care museums associated with the corresponding M useum Scenario
is depicted in Figure 5. This assesment was based on all background info rmation gathered from the

guestionnaire.

D4.9. Definition of protocols for deployment of sensor node devices Il
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Museum Scenario |
I Museum Scenario |l

Museum Scenario Il
. Museum Scenario IV

Figure5. Geolocalisation of thedifferent Museum Scenarigrelated to the CollectionCare museums

D4.9 takes a step further from the previous D4.2. Specifically, this deliverable provides:

Ox¢

advisable practices to take into consideration in all museum scenarios before planning a monitoring
of indoor climate;
0 a spedific procedure (named as Basic Procedures) for Museum Scenario | and Il.

The activities of the second phase are shown in the Gantt Chart (Figure 6) and documented in D4.9.

D4.9 will be disseminated at a public level.

|3 [4]5]6][7]afolofurfs2l1]2]3]a][5]6]7[aloftoln12[1]2][3]a]5]6]7]a[o]10[11]12]1][2]
2. Basic m %

Procedures

&\\\\\\\\Q Deployment of sensor nodes: the firststeps W

3 - * Advisable practices
2|+ The Five Ws and How (5Ws1H)

Basic procedures

« Artwork-related deployment

« Artwork-envelope-related deployment: Museum Scenariol and |l

Figure6. Activities perfamed in thesecond phase of Task 4.2 (T4.2) and documedie D4.9
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2. Deployment of sensor node devices: first steps

This section is dedicated to the first steps that can be followed for an approp riate deployment of sensor node
devices when indoor climate monitoring is planned.

2.1 Advisable practices

The following advisable practices should always be considered when a monitoring campaign is designed
(Camuffo, 2019). In fact, whatever its objectives, all of them focus on the knowledge of the indoor climate,
assessment of the climate-induced degradation phenomena and improvement of the environmental
conditions in the framework of preventive conservation.

In order to define a proper number and location of sampling points to accurately record the indoor climate
data, the knowled ge of specific features of the building envelope helps to identify the most relevant areas
where to install or not to install the sens or node devices.

Specifically, by using the plan of the museum it is possible to understan d:

- orientation of the main axis of the building (north, east, south and west);

- position of the exhibition rooms with respect to outdoors (internal or external rooms);

- location of the windows to identify natural light source and ventilation;

- location of the atrtificial light sources, (diffuse light, spot-light, incandescent lamps, LEDs);

- location of the climate control systems (e.g. radiator, fan coils, HVAC system, de/humidification
system, etc.), to study their potential impact on the variability of indoor climate.

It is also advisable to draw on the plan of the museum the location of:

- selected artworks;

- critical zones, if any (too hot, too humid, water infiltration, mo uld colonisation, etc.);
- indoor climate instruments, if any;

- showcases and their features (sealed,not-sealed, etc., if open for cleaning).

This approach allows to contextuali se information on the museum gathered from the questionnaire (se e
D4.2).

In addition, as a rule of thumb, the sensor node devices must be deployed to avoid the influence of unwanted

sources, such as air flows or solar radiation, heating/cooling or humidity control systems, and distance from

doors and windows, as they might not be representative of the real situation (Sturaro, et al., 2003). However,

if one of the objectives of the indoor climate monitoring is focused on formulating possible causes behind

the degradation mechanis ms due to the above dis turbances, indoor climate measurements should be also

taken at these sampling points. Furthermore, sensor node devices should be as least visible as possible to

minimi se the visual impact and reduce the risk of theffor damage al ong t heys(Parata, t or s A
de Brito, Gouveia, de Sousa, & Alves, 2010)

Another aspect of the deployment of the senso r node devices to be considered is evaluation of the indoor
signal propagation of wireless sensing systems due to different infrastructures of museums.

These and other possible more desired requirements should b e discussedand agreed with the
manager together with the professional conservators.

Table 2 provides a list of advisable and not advisable practices that should be taken into account in the
operational pro cedure of p ositioning sensor node devices.

D4.9. Definition of protocols for deployment of sensor node devices Il 12
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Table2 Summary ofadvisableand not advisablepractices

Advisable

Not Advisable

Finalise the purpose of the indoor climate

monitoring

Start an indoor climate monitoring without a clear
purpose

Define the appropriate climate variables to record in
relation with the material of the preserved artworks

Collect arbitrary climate variables without any
relation with the material of preserved artworks

Choose sensors with accuracy complying with limits
recommended by the European standards EN
15758 (2010) and EN 16242 (2012)

Choose sensors with poor features (e.g. high
uncertainty), not calibrated and with low
performance

Carry out the calibration of sensors with a refe rence
instrument or compare all sensors among them
before starting a mon itoring campaign, in order to
guarantee the comparability and reliability of
recorded data

Use sensors with different performance and
inconsistent time response in order to avoid
misleading interpretation of recorded data

Exposure the sensor node devices to sampling
points representative of real conditions

Deploy sensor node devices close to disturbing
climate factors, or local constraints or obstacles

Evaluate indoor signal
sensing system

propagation of wireless

Deploy sensor node devices close to heavy
masonries, underground rooms, etc. without first
checking the correct data transmission in that area

Reduce the visual impact

Deploy sensor node devices al ong t he

passageways

2.2 The Five Ws and How (5Ws1H)

To collect data necessary to pinpoint an d clarify the problem and how to deal with it, we apply hereinafter
the methodology designated the Five Ws and How (5Ws1H), widely used injournalism, research and police
investigations. 5Ws1H stands for What, Why, When, Where, and Who (the five Wquestions) and How many

(the one H question).

The rationale behind the 5Ws1H approach is that it can help to obtain a 360° view of the issue of th e

deployment of sensor node devices and to sketch out the protocol for

the location of the sampling points.

This kind of approach can be strategic both for the monitoring of environment conditions surrounding the
climate-sensitive artefacts and for the rep resentativeness of the real environmental conditions of a specific

site.

The 5Ws1H questions (Figure 7) are explained as follows:

0 1W-Why: Why is there a need for indoor climate monitoring? The answer aims to identify the triggers
which lead us to require the indoor climate monitoring for the conservation risk assessment
individual artwork and/or the whole collection.

0 2W - What: What are the indoor climate variables to be moni tored? The answer should help select

of the

the most relevant indoor climate variables that better match the scopes of the indoor climate
monitori ng (e.g. temperature, relative humidity, light, air pollutants, etc.).

0 3W-Where: Where does the indoor climate monitoring take place? The answershould help identify

the site where the indoor climate monitoring is planned (e.g. exhibition space, stora ge, handling,

transport, etc.).

D4.9. Definition of protocols for deployment of sensor node devices Il 13
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0 4W - When: When does the indoor climate moni toring start and how long for? The answer should
help to plan the timi ng of the monitor ing period in terms of duration and the sampling interval. The
answer might also depend on which standards or guidelines are considered in the assessment of the
climate-induced conservation risks. One calendar year or its multiples is more advisable in the case
of organic and hygroscopic materials , as well as a sampling frequency of at least 1 hour.

0 5W - Who: Who is responsible for designing and conducting the indoor clim ate monitoring
campaigns? The answer should helpidentify the people involved in contri buting to the issue.

0 1H - How many: How many sensor node devices can be employed for indoor climate monitoring?

The answer should help to find a compromise among the num ber of sensors needed and/or

available, the environmental repr esentativeness and the conservation requirements of the

museums.

(
4 N N[ N[ N[ R
" I % |
§ J \L J L J L J L J \ == -
.
Why What Where When Who How many
is there a are the does the does the is sensor nodes
need for the indoor indoor indoor responsible can be
indoor climate climate climate for designing employed for
climate variables to monitoring monitoring and the indoor
monitoring? be take place? start and conducting climate
monitored? how long? the indoor monitoring?
climate
monitoring
\ J \ J \ J \ _ \_campaigns? J | J

Figure7. The 5W4H roadmap for the deployment of sensor node devices
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3. Deployment of sensor node devices. basic
procedures

The main objective in the CollectionCare project is the conser vation risk assessment of individual artworks.
Therefore, the configuration of the po sitioning of sensor node devices depends on the number of available
sensor node devices. For that purpose, we have considered two possible circu mstances:

1. There are as many sensors as the number of artefacts, thus the configuration will be named as
artwork -related deployment .

2. Agiven number of sensor node devices is set, due to limited budgets for the monitoring campaigns
or for other managem ent or decision-making reasons, thus the configuration will be designated
artwork -envelope-related deployment. In this case, the distribution of the sensor node devices is
done in order to guarantee the representativeness in time and space of t he whole environment
surround ing individual artworks.

The protocol for the deployment of sensor node devices ( nhumber and position) in the first circumstance

should be based on the conservation conditions of the artworks selected by conservators and reporte d in
the Condition Reports (CRs). The protocd of the second circumstance still takes into account the conserv ation
conditions of the artworks, along with additional general aspects of the whole exhibition space of the
museum associated with its c orresponding Museum Scenatrio.

The flow chart for the d eployment of sensor node devices is schematised in Figure 8.

7~ N\

Conservation Risk Assessment

\l_/

>_

1 sensor node device
per 1 artwork

_<

Condition reports (CRs)

)_

Artwork-related
deployment

(

2

Limited number of sensor

node devices

R

Condition Reports (CRs) &
Museum Scenario

)

Artwork-envelope-related

deployment

(

Figure8. Flowchart of the deployment ofsensor node devices

Examples of the protocol for the artwork -related and artwork -envelope-related deployments are provided

for the following demonstration sites:

1 Alava Arms Museum (AAM)z Diputacién Foral de Alava, Spain;
1 Museo delle Origini Z Polo Museale of Sapienza University of Rome, Italy.
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3.1 Protocol for artwork -related deployment

In the case of the artwork-related deployment , there are as many sensor node devices as the number of
artworks. The number of artworks to monitor depends on: i) the evaluation made by the conservator s who
can select the climate-sensitive artworks, those most damaged or both; ii) the location where the artwork is
exhibited; iii) the interest of the museum, collector or owner of the collection. This procedure is also highly
advisable when the artwork is moved from a museum to another one , as it provides continuou s control of
the climate conditio ns it experiences, defining its own climate fingerprint.

For the conservation risk assessment of individual artworks, sensor node devices should b e placed near the
artwork or attached to it through compatible and reversible supports (as already discussed in the confidential
Deliverable 4.1, D4.1).

Artworks displayed close to each other or in small rooms or in climatised showcases could experience the
same hygrothermal conditions. This can be strategic when a sensor device associated with an artw ork does
not take measurements or provides anomalous data (e.g. after losing calibration, bad maintenance) or it
damages or data transmission fails. Consequently, data collected by other closer sensors can be
representative of the clim ate surrounding tha t artwork.

Otherwise, if the budget of the museum to purchase devices and to assure their maintenance and calibration
is limited, it is advisable to follow the procedures developed for the artwork -envelope-related deployment
according to the Museum Scenario associated with the museum of interest (as explained in 3.2 Protocols for
artwork -envelope-related de ployment).

Demonstration sitd: Diputacion Foral de Alava (DfMlava Armsviuseum (AAM)

The Alava Arms Museum (AAM) z Diputacion Foral de Alava (DFA) is one of the museums involved in the
CollectionCare project. A picture of the exhibition space is shown in Figure 9.

General information about AAM can be found in D4.2. The building plan is courtesy of the Alava Arms
Museum and edited in the current version by Andrea Peir U Vitoria (UPV).

Eighteen artworks were selected by conservators and reported in the Condition Reports (CRs) documented
in the confidentia | Deliverable D1.3 of the CollectionCare project.

Figure9. Exhibition space at the groundloor of the Alava Arms MuseungAAMY Diputacion Foral de Alava (DFApicture
courtesy of DFA team
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Figure 10 shows the list of answers to 5Ws1H that allows to sketch out the key issues necessary to deploy
the sensor node devi ces.

Figure10. Answers to the 5SWs1Fkbr artwork-related deployment inAlava Arms Museum(AAN)

In the example in Figure 11, artworks are coded by an alphanumeric code (the first | et t er YDA i dent
museum as reporte d in D1.3) and coloured according to three of the four material typologies (wooden, metal

and paper objects). Most objects are exhibited i nside showcases. There are as many sensor node devices as

artworks (N=18), therefore each sensor node device (green do t) is placed near each selected artwork and

coded by the same al phanumeric code, by replacing the
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