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Executive Summary

The structure of the D1.6 deliverable is the result of achieving the purpose and scope in which it
applies (see subchapter 1.1).

This deliverable contains four chapters, a list of figures and one of tables, including an appendix with
the references used in the text of the document.

Chapter 1 (Introduction) is structured in three subchapters, as follows.

Subchapter 1.1 ( Purpose and Scopg identifies the purpose of deliverable D1.6 and its scope, as a
result of the technological research developments that took place within the SnRproject, during the
time elapsed from deliverable D1.2.

Subchapter 1.2 (Structure of the Document) presents in essence the objective and results of the
specific approach to each component of the D1.6 deliverable.

Subchapter 1.3 (User Requirements follow-up) presents the process of evolution and refinement of
end-user requirements over the period elapsed, one year, from the start of the SnRproject.

Chapter 2 (Chemical S&R TOOLS) is structured in three subchapters, as follows.

Subchapter 2.1 [Portable Membrane Inlet Mass Spectrometer (MIMS) follow-up] analyses future
research directions to improve the performance of core characteristics (in terms of power supply,
size, weight, user interface characteristics, etc.) of Portable Membrane Inlet Mass Spectrometer
(MIMS) to identify the location of people trapped under rubble following a disaster. This analysis
reviews possible technical solutions for the subsequent miniaturization of the portable membrane
input mass spectrometer to optimize their capabilities to identify as accurately as possible the location
of people trapped under the rubble.

Similarly, the conditions to be simulated in the exercise / training fields required for testing and
validating the portable membrane input mass spectrometer (MIMS) proposed to be performed within
the seven UCs of the SnR project are mentioned, according to user users requirements.

Subchapter 2.2 (Rescue MIMS on Robotics followup) contains the analysis of the main technical
characteristics regarding the research, testing and validation of terrestrial robots of type COYOTE llI
or Seerkur Jr (with RESCUE MIMS mounted on their plaform as an early warning system not as an
S&R tool) for the main purpose of ensuring security for First Responders.

Last but not least, the ethical dilemmas that may result from human -robot interaction in S&R actions
were also mentioned.

Subchapter 2.3 (Integration of the UAV system with RESCUE MIMS, first responders, K9 dog teams
and robotics in search and rescue operations) analysesthe use of UAVs (Unmanned aerial vehicle) in
S&R actions in terms of core characteristics required (power supply, size, payload, user interface
characteristics and equipment maintenance) to achieve optimal operational cooperation with RESCUE
MIMS, first responders, K-9 dog teams and robotics in search and rescue operations.

Also, the test conditions through field exercises offered within the SnR project, within the seven
planned UCs, wereanalysed.

Chapter 3 (Gap Analysis for community resilience) is structured in five subchapters, as follows.

Subchapter 3.1 (Introduction, scoping and methodology) gives a brief overview of th e results of
phase A (M1-M4) of the study on the gap analysis for community resilience and a presentation of the
purpose of phase B (M5-M12). In this sense, the methodology used in phase B of the study is
presented, as an approach and chronology of implementation.
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Subchapter 3.2 (Focus Group discussion and findings) contains the results resulting from the
discussions and analysis carried out within the focus group, starting from the establishment of the
resistance attributes of the community and the criteri a of the end user.

Subchapter 3.3 (GAP analysis survey) shows the final structure of the GAP table, the overview of the
GAP survey and the analysis of the results of the GAP survey and the summary of the key findings.

Subchapter 3.4 (Workshop validation / refinement of results and recommendations) contains the
refinement of the previously obtained results and their validation during the session specifically
dedicated to this topic - Gap Analysis for community resilience-c ar ri ed out wset hi n
requi rements and Beyondo0202tpwithknghe 8nR pfojecam Apr i | 14,

Subchapter 3.5 (Conclusions and recommendations) revealsthe conclusion of the GAP analysis that it
is recommended that SnR project partners use the prioritization resulting from GAP analysis and
feedback processing to identify the most relevant issues for their scope in the SnRproject.

Gaps, needs, suggestions and recommendations on selected issues will provide an additional
perspective on potential solutions and issues to be considered during the design / development and
operationalization of equipment and technologies used in the search and rescue of people trapped
under rubble.
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1 Introduction

1.1 Purpose and Scope

The purpose of deliverable D1.6, a continuation of deliverable D1.2, is to analyze, improve and update
the requirements of end-users in the process of scientific research, prototyping, testing and validation
of the R&D project (in particular the contributions made in WP5 [Design and implementation of
specialised equipment for first responders] and WP8[S&R Validation and Demonstration] but also WP9
Dissemination, Communication and Exploitation and in particular T9.4 Innovation Management for analyzing
market developments), on chemical sensors for the identification of persons trapped under the rubble
but also to ensure the protection of First Responders against dangerous toxic gas emissions, worn on
their equipment, in the hand or on the platform of rescue robot s, taking into account the results
obtained by using Agap analysiso as a method of
efforts, comparing current performance with the desired performance in the future.

On this line, the minimum technical and o perational requirements of the UAV (Unmanned aerial vehicle)
were also mentioned, which, due to its ability to inform First Responder on the evolution of the
operational situation in the field and its primary warning of dangers in the area, requires analys is and
finding solutions for integrating this system with RESCUE MIMS, first responders, k9 dog teams and
robotics in search and rescue operations.

If the minimum basic characteristics (in terms of ergonomic, power supply, size, weight, user interface
characteristics) for RESCUE MIMS, RESCUE ROBGQ@ihd Six Gas HAZMAT monitor with VOCs remain
those required by end users in deliverable D1.2, in deliverable D1.6, we analyze the needs of RESCUE
MIMS for its miniaturization to make it more portable (in the hand or worn as a backpack) and easier
to mount on the platform of a RESCUE ROBOT and the minimum technical and operational

characteristics for UAV (Unmanned aerial vehicle).

The purpose of end-users in carrying out the above-mentioned steps consists in the fact that the
innovative equipment and technologies (mentioned in deliverables D1.2 and D1.6) that the SnRproject
wishes to achieve meet the requirements of end-users to increase the safety of First Responders and

to optimize the R&D actions of people trapped under a disaster.

1.2 User Requirements follow -up

During the first year of the SnR project, it was discussed in a variety of forms (meetings, workshops,
etc.) about the harmonization and optimization of the relationship "end -user demand - supply of
equipment and technologies".

This exchange of information highlighted the need for end -users to be adaptable and flexible in their
requirements, taking into account the technological and financial constraints affecting scientific research
activity (in a complex field such as the whole process of research). search-rescue of people trapped
under the rubble), testing (in the laboratory and through field exercises) and validation of the
equipment and technologies proposed to be carried out within the SnR project.
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It was agreed that the basic element in going through the above mentioned steps is to test and validate
the equipment and technologies developed in the R&D project within complex UCs, as close as possible
to the real operational situations that may occur . Obviously, it will also be possible to test the end -
users' abilities to use these equipmentds and
within the SnR project.

According to the feedback obtained, within the SnRproject, until the time of writing the D1.6 deliverable
from end users, the development of support systems for S&R missions must focus on three main
elements:

1 Reliability in the field
1 Usability in the field
1 Durability in the field

With this basic requirement, a closer benchmark for them can be done. Reliability means to work as it
should and when it should. Battery power, charging devices, power consumption, system run time etc

are point focused on the reliability.

Usability is an issue when it comes to understanding what the new information is about and how the
device can be used. For instance, it is mandatory to work with the device when wearing gloves, it is

necessary that the device is easy interpretable even when there is high stress load.

Weight, bulkiness etc. need to be adjusted so that it is not an issue with the natural maneuverability of
the operative staff. Durability is about weather resistance, environmental impacts, dirt, heat, rain, falls

and crashes, sudden changes in pressure or temperaure etc.

With these operative elements in the field, the scope of the use of technology needs to be defined as
well.  With the UC Pilots, the requirements of the end users, those people, who this project is about
and developed for, will test technology for their use in the field and how the new technologies can be
integrated in their routines as a support when saving lives.

The SnR project offers a wide variety of innovative equipment and technologies that cover the full

spectrum of end-user requirements in the operational field of search and rescue of people trapped
under rubble, as follows:

1 recognition of the tactical situation on the ground and assessment of existing risks
= an android application for the routing of end -users and communication with civil protection
services, such as the police, the ambulance and/or other rescue vehicle, Unmanned Aerial
Vehicles (UAVs) andrescue robots

91 ensuring the physical protection of First Responders = Six Gas HAZMAT monitor with
VOC Detection, smartwatch, Rescuer AR helmet Radiation sensors (mainly X rays), ECG, EMG,
respiration by means of fully textile electrodes, RESAQJE MIMS and professional wiforms.

1 optimization of search  -rescue actions of people trapped under rubble = Rescue
MIMS, AR Helmetsand Smoke-diver AR helmet

1 ensuring an effective assessment of self -evacuated victims = Smart-phone / Tough-

phone, an android that provide information regarding the position of victims, their evacuation
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trajectory or escape route, while also indicating candidate meeting points for assembly,
treatment and rescue and first aid device for kids

1 coordinating the intervention of volunteers = an application that will provide information
about the emergency event such as meeting points for mission and resource planning,
requirements for volunteer deployment (insurance, food, accommodation, responsibilities)

1 Training through AR/VR = harmonized security training curriculum based upon agreed
training material and practical exercises (modern, didactically refined lectures and seminars;
documented in open-structured, user friendly; computer -based interactive models and virtual
reality with biofeedback; realistic field exercises; evaluation of 3D computer -models during the
practical field exercises.)

1 Using the CONCO RDE Emergency Management System (EMS) = a dashboard, from

which all operational information can be accessed with one step click.

In deliverable D1.6, chapter 3 AGAP analysis for c¢comml
be distributed to all SnRproject partners for the purpose, in order to make the best use of the approach

undertaken report for the development of the technologies/wearables and the design/operationalization

of the UCs. It is recommended that the concerned partners use the priorit ization that resulted from the

GAP analysis and feedback processing in order to identify the most pertinent issues for their scope.

To achieve the goal proposed in T1.2, PROECO, in cooperation with the partners of the SnR project,

organised, on April 14, 20 2 1, a workshoqusentitelgeedr @élBedt s and beyo
participation of a significant number of rescuers, together with experts, people operational scientists

and scientists, to extract the requirements and practical needs of users, as well as the validation of SnR

pilots and operational procedures. These practical requirements and needs of end users, resulting from

presentations and discussions on this workshop have been included in deliverable D1.6.

18



Searchand Rescue D1.6
Report on the functional specifications of S&R,V2

2 Chemical S&R Tools

2.1 Portable Membrane Inlet Mass Spectrometer (MIMS) follow -up

The purpose of this subchapter is to identify, from an end -user perspective, what the next steps may
be to improve the performance of Portable Membrane Inlet Mass Spectrometer (MIMS) to identify the
location of people trapped under rubble following a disaster.

The subchapter comprises 2 parts corresponding to the 2 objectives that help to achieve the proposed
goal, as follows:

1. Listing in a general way, from the perspective of end users, the possible directions of
miniaturization of the Portable Membrane Inlet Mass Spectrometer to optimize their capabilities
to identify as accurately as possible the location of people trapped under the rubble in the
multiple risk conditions specific to the area of interventio n. This miniaturization is required to
cut complexity and improving portability by creating an optimal balance that does not
occasionally increase the final cost of the product or does not mainly affect the service life of
the system components, e.g. vacuum pumps. The main concern in this approach is that this
miniaturization of MIMS should avoid affecting sensitivity or other factors functional factors of
Portable Membrane Inlet Mass Spectrometer [1].

2. Listing some recommendations, from the point of view of end users, of the most relevant UCs
(field exercises) within the SnR project in which the performances of RESCUE MIMS can be
tested and validated.

These exercise/training field exercises must provide the necessary conditions for testing and validating
the key performance indicators (KPIs) specific to Portable Membrane Inlet Mass Spedrometer (MIMS)

researched and carried out within the SnRproject.
These key performance indicators (KPIs) refer to:

Portability

Sensitivity

Reliability

Easy operation

Low LODs(limits of detection)
Fast response times

Ruins penetration

=A =4 =4 A4 -4 -4 -4 -4

Robustness

=

Detection capability of a wide range of concentrations

It should be emphasized that the end-user requirements for the basic characteristics of portable
RESCUE MIMS (power supply, size, weight, user interface, etc.) remain the same as those mentbned
in deliverable D1.2, subchapter 2.1.

In line with theseend-user requirements described above, del i ver
the RESCUE MI MS0 develops a technol ogi cal-ofthecastdi nes s
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membrane inlet mass spectrometry (MIMS) technology, adapted to the particularities and needs of
search and rescue (S&R). In this regard, specific components (hardware, electronics, housing, etc.)
have been assembled under this prototype to meet most end-user requirements for ergonomic and
usable design.

Deliverable 1.6 aims, from the point of view of end -users, to complete the optimization proposals for a

possible later version (TRL>7) of RESCUE MIMS contained in the conclusions chapter of D5.1.

2.1.1 Mass Spectrometer Future Needs

MS (mass spectrometry) technology - the analysis of ions in vacuum by their mass-to-charge ratio m/z
- is over a century old.

Its beginnings can be traced to Eugen Goldstein, who discovered positive ions in 1886, and Wilhelm
Wien, who analyze them in 1898 using crossed electric and magnetic fields.

In 1918, Arthur Dempster developed the first sector magnet with direction focusing.

In 1919, Thomsonds student, Francis Aston, construct
focusing.

Because magnetic separators were large and heavy, different physical principles were investigated after
the Second World War. In 1946, William Stephens proposed the use of time-of-flight. Angus Cameron
demonstrated an early TORMS in 1948, and William Wiley and lan McLaren of Bendix developed a
TORMS with space and velocity focusing in 1955.

In the last 40 years, since its historical development, mass spectrometry (MS) has proven to be a
powerful established analytical technique widely considered in the last period to be the gold standard

for chemical analysis [2].

In essence, it works by creating ions from neutral atoms and molecules and separating them according

to their mass-to-charge ratios.

Due to its versatility, mass spectrometers can be applied for both in -laboratory measurements and on-
site operations, either as standalone devices or combined with other analytical instruments. MS offers,
comparable to other chemical sensors a sum of qualities such as: high sensitivity, low detection limits
(LODs), high selectivity, fast response times and broad applicability (analysis of almost all types of

molecules; from small volatile compounds to big biomolecules and biological species).

Moreover, targeted compounds for analysis can belong to all states of matter (gaseous, liquid, solid).
From a constructive point of view, the main components of a mass spectrometer include: sample inlet,

ion source, mass analyser, detector, vacuum system.

More recently, the first 'hyphenated' technique, gas chromatography -mass spectrometry (GG-MS) was
introduced by Roland Gohlke and Fred McLafferty at Dow Chemical in 1956.
Later techniques include liquid chromatography-mass spectrometry (LG-MS), capillary electrophoresis

mass spectrometry (CEMS) and ion mobility spectrometry-mass spectrometry (IMS-MS).
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Traditionally, MS is usually performed in analytical laboratories by lab-based mass spectrometers, which
are typically large in scale, time consuming, and complicated in operation for the procedures of sample
analysis. However, the increasing demands of in situ analysis in many fields, such as environmental
monitoring [ 3], public security [ 4-5], space exploration [ 6-8], and personal health care [ 9-10], call for

the miniaturization of mass spectrometers.

Mass spectrometers ae used in a wide range of applications in the chemical, electronics, food

processing, oil and pharmaceutical industries. They are commonly used to monitor nuclear installations

(Colle et al., 2014), to detect environmental pollutants (Richardson, 2012), di agnose drug abuse
(Ojanper 2, Kol monen, & Pelander, 2012) , and monitor
2012). Mass spectrometers are deployed in environments as diverse as ocean depths to identify

chemical traces (Bell et al., 2007) and also in space for extraterrestrial exploration (Petrie and Bohme,

2007; Hoffman, Chaney, & Hammack, 2008).

Proof of versatility of using MS is the AquaMMS, a portable mass spectrometer capable of monitoring

the purity of water in to extremely high sensitivities [11].

The AguaMMS can monitor online a wide range of water quality indicators simultaneously. The system
has the potential to allow the aquaculture industry to increase its productivity and efficiency in a variety

of different ways.

NEREUS ffew, efficient, rapid assessment of underwater spectra) is an autonomous underwater mass
spectrometer system capable of continuing measurements of gases and vapors dissolved in the water
column [12]. Rapid in situ measurement minimizes or eliminates artifa cts that are often a problem
when collecting and storing samples for analysis of volatile constituents and provides spatial and

temporal resolution of chemical models than is possible with conventional techniques.

NEREUS is designed to operate either indegndently on a mooring or winch line, or aboard an

autonomous underwater vehicle (AUV).

To the best of our knowledge, all current underwater mass spectrometers are based on membrane inlet

mass spectrometry (MIMS) technology.

Another new use of portable MS is the Miniature Sector Mass Spectrometer with lonCCDDetection

developed by a multidisciplinary team under the coordination of Leidos Inc. [13].

Dimensions and weight have been reduced from 80 cm x 80 cm x 80 cm, 90 kg to 16 cm x 15 cm x 23
cm, 5 kg.

The limitations of using such a device are due to the fact that it is intended exclusively for the field of
national security (identification of explosives, drugs, etc.) and the limits of detection (LOD) and
identification (LOI) of chemicals [Single digit ng detection (varies by compound), Low double -digit ng
identification levels (varies by compound), Test samples were direct from GC, so no concentration
values obtained for sensitivity (e.g. ppm or ppb levels)].

Another portable mass spectrometer allows on-site gas analysis is Mini-Ruedi, weighing 13 kilograms

and mounted in a wheeled suitcase [14].
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It should be noted that this MS cannot be used in the field of S&R as it is focused exclusively for water
analyses to assess groundwater systems, investigate anthropogenic effects on waterbodies or to study
gas exhalations from springs.

A number of scientific studies have shown in the past the capabilities of different analytical techniques
(gas chromatography mass spectrometry (GGMS), proton transfer reaction mass spectrometry (PTR-
MS), chemical sensors, or ion mobility spectrometry (IMS)) for identifyin g potential markers of human

presence in breath, skin emanations, urine, or blood [ 15-19].

Among the many areas that can be addressed through MS technology, their use as a carrier of "artificial
sniffing" technology to detect various chemicals on the spot is a necessity, which began with the rapid

growth of terrorist threats and organised crime activity on national security [20-21].

Regarding mass spectrometry (MS), the late developments in size and weight miniaturization (e.g.
miniaturization of mass analyser, detectors, vacuum system, etc.), as well as in power consumption
reduction converted them into portable devices ideal for in -field operations worldwide.

From an end-user's perspective, given their goal of using artificial sniffing technology to save people

trapped under rubble, MS technology has advantages those other technologies lack and cover their
disadvantages.

As an example, we will present the technical characteristics of a high-performance portable MS (lon
Trap MS), but used in fields other than S&R (see Table 2-1) [22].

Supplier Model Mass Mass range Power Weight
analyser (m/z) ) (kg)

FLIR Systems| Griffin™ 824 Cylindrical ion N/A N/A 22.7
Inc. trap
FLIR Systems| Griffin™ 844 Cylindrical ion N/A 110-240 20
Inc. trap VAC
Purdue Mini 12 Rectilinear ion N/A-900 50 15
University trap
Torion TRIDION™-9 GGMS Toroidal ion 45-500 80 14.5
Technologies trap
(recently
acquired by
PerkinElmer)
University of | SNIFFLES preprototype Non-scanning 50-500 34 14
Liverpool linear ion trap
Torion GUARDIONM-7 GGMS Toroidal ion 50-500 75 13
Technologies trap
(recently
acquired by
PerkinElmer)
Purdue Mini S Rectilinear ion N/A-925 65 12
University trap
Purdue Mini 10 Rectilinear ion N/A-550 70 10
University trap
BaySpec Inc. | Portability™ Linear ion trap 40-650 65 9.9
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1St Detect MMS100™ Cylindrical ion 15-625 N/A 8
trap

Purdue Mini 11 Rectilinear ion N/A-2000 30 5

University trap

908devices M908 ™ Microscale ion 55-400 N/A 2
traps

Samyang Palm portable (without | Quadrupole 45-300 5 15

Chemical pump) ion trap

Corp

Table 2-1: lon trap MS systems specially developed for threat detection [22]

These shortcomings of other technologies, which make it difficult to use them in identifying people
trapped under rubble, such as ion mobility spectrometry (I MS), gas chromatography (GC), infrared
spectroscopy (IR) or Raman spectroscopy, but not only these, are addressed in the content of
subchapt Btate-of-t. Be @rt i n chemical detection technologie

Regarding the current evolutions of MS typologies (see Figure 2-1), it is worth noting the trend of
coupling and hybridization of the elements specific to different Mass Spectrometer System technologies,

as fellow [23].

It must be remembered that MALDFTOF Mass Spectrometryis a soft ionization technique to create
ions with minimal fragmentation by using laser energy. In TOF, the protonated ions are accelerated by
an electric field to make an ion have the same kinetic energy as any other ions that have the same
charge.

In the same context, t he triple quadrupole mass spectrometer (TQMS or QqQ), is a tandem mass
spectrometer in which the first and third quadrupoles act as mass fil ters and the second acts as a
collision cell to fragment the selected precursors/parent ions, and to generate fragment/daughter ions.
The TQMS is probably the most famous and widely used tandem MS.

The Quadrupole Trap MS is a hybrid triple mass spectromete. Different from classical triple quadrupole
mass spectrometry, the Q3 can work as either a standard quadrupole mass filter or a linear ion trap
(LIT) with higher sensitivity than traditional 3D ion trap.

The hybrid linear trap orbitrap MS that combines a linear ion trap and high -resolution Orbitrap is one
of the tandem mass spectrometers. The LIT uses a set of quadrupole rods to confine ions radially and

a static electrical potential on the end electrodes to confine the ions axially.
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MALDI-TOF
Mass
Spectrometry

Hybrid lon
Trap
Orbitrap
Mass
Spectrometry

Triple
Quadrupole
Mass
Spectrometry

Types of Mass
Spectrometer

Quadrupole-
Orbitrap
Mass
Spectrometr

Figure 2-1: Types of Mass Spectrometer

In the quadrupole-Orbitrap mass spectrometer that combines the high-performance quadrupole
precursor selection with high-resolution, accurate-mass (HR/AM) Orbitrap detection, the first mass

analyser is a quadrupole, and the second one is high resolution Orbitrap.

Miniature mass spectrometers have made considerable advances in recat years (see Table 2-2), as
highlighted by Dalton Snyder, Christopher J. Pulliam and ZhengOuy ang i n the art
Fieldable Mass Spectrometers: RecentA# ances 0 ( An al ySeptenbhdr 20561D0In1i0.5021r
/ acs.analchem.5b03070).

Analysis of this presentation of existing field spectrometers reveals that none of them yet meet all the
main requirements for the identification of trapped persons, as defined in subchapter 2.1.2 "Core
characteristics required: power supply, si ze,
D1.2, in particular regarding the ability to identify VOCs emitted from manmade activities such as
industrial processes and VOCs emitted by metabolic processes in the human body.

In this situation, RESCUE MIMS that will be provided in the SnR project will try to fill this gap ( see
chapters 4, 6 and 7 of deliverable D5 . Dedign & development of the RESCUE MIM§) as much as

possible, based on end-user requirements already mentioned.
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Making a reasonable comparison, the development of miniature MS is similar to the advent of desktop
computers through the miniaturization of large general purpose computers, e.g. ENIAC (Electronic
Numerical Integrator and Computer), [24] which went through a process not only with reducing the
size, but also improving the user interface.

Consequently, improvements in mass analysers vacuum pumps, detection systems and control
electronics have allowed a reduction in weight, energy requirements and the entire footprint of the
entire mass spectrometer system (Yang et al., 2008).

Performance is now good enough to enable applications that require portability, and small size.

The increasing availability of such systemsi which allow the instrument to be taken to the sample,
rather than the other way round - implies many new opportunities for /n s/itu analysis [25].

Miniature and field-portable mass spectrometers have played a prominent role in a variety of /n situ
analysis applications, including environmental analysis, process monitoring, forensics, space
applications, and chemical and biological agent detection [26-29].

Mainframe instruments are evolving into desktop systems, backpack-mounted systems into hand-held
units, and vehicle-mounted systems into airborne systems. The new paradigm will generate changes

broadly analogous to those driven by the development of personal computers.

Up until now, different kinds of miniature mass spectrometers have been developed, mainly using an
ion trap as the mass analyser, which is connected with different atmospheric pressure interfaces (APISs),

including the membrane inlet (MI) [30 -32], discontinuous atmospheric pressure interface (DAPI) [33-
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34], and continuous atmospheric pressure interface (CAPI) [35-36].
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