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Abstract

The Fire Rescue Service of the Czech Republic investigates the causes of fires and explosions. During these
investigations, it determines the possible causes of the fire or explosion, including the circumstances affecting the
spreading and consequences of the given fire. It also identifies the locality, site and time at which the fire or
explosion started and decides whether any violations of legal regulations occurred. The results and conclusions of
fire cause investigations are stated in expert opinions that serve for further proceedings. For the purposes of this
article, two real cases of explosions with subsequent fires were used. One occurred at a family home and the second
at a manufacturing facility. The fire cause investigations included an examination of the site of the incident and
subsequent documentation and digitalization of the fire site.
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1 Introduction 1 Uvod

Expert opinions concerning fires also Do odborného vyjadieni k pozaru se také
include detailed graphic documentation, and zpracovava detailni obrazova dokumentace,
topographic documentation is also developed. zaroven se vytvaii takzvana topograficka
Topographic documentation includes sketches dokumentace. Spadaji pod ni nacrtky potizené
made at the inspection site and site plans created na misté ohledani a planky vytvorené klasickym
by hand or using various drawing programs. zpusobem nebo za pomoci ruznych kreslicich
Special types of graphic documentation include programli. Do zvlaStnich druht obrazové
the creation and presentation of spherical dokumentace patfi oblast vytvafeni a prezentace
images and 3D digitalization of the inspection sférickych snimkGi a metoda nazyvanad 3D
site. digitalizace mista ohledani.

Spatial digitalization is a process during Prostorova digitalizace je proces, v ramci
which the visual aspects of the documented site kterého se snima do digitalni podoby vizualni
or building are captured in digital form. 3D stranka dokumentovaného mista ¢i budovy. Pii
digitalization also records spatial information, 3D digitalizaci se zaroven zaznamenavaji
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i.e. the dimensions of the building and distances
between objects and particular buildings in the
surrounding area. This information always
corresponds to the current conditions as at the
date of the spatial digitalization. Scanning is a
digitalization process during which the visual
aspects of an object are translated into virtual
numerical form. The result of 3D spatial
scanning is a point cloud, where the location of
every point in relation to the scanned position
(the scanner’s focal point) is known. The
number of points depends on the scanning angle
and selected resolution. A complete 3D image
cannot be created from a single scan taken from
one position because only part of the space or
the buildings is visible from the focus point and
other parts are concealed. Therefore, buildings
are scanned from multiple locations, i.e. from
different angles and/or elevations. [3]

Examination of a site where an explosion
with a subsequent fire has taken place differs
from other examinations due to the extent of
damage and often also the site and complexity
of the examination. Examination,
documentation and investigation of the effects
of an explosion require expertise and
experience. The site of the incident, the site
examination and documentation are the most
important, valuable and irreplaceable sources of
information during clarification of the incident.
As a rule they serve as the starting points and
the location of clues and other court evidence.

The quantity and quality of information
depends directly on the examination and scope
of collection of criminal clues and knowledge
about the course of the explosion from the
incident site. Generally, this is primary and
irreplaceable information that immediately sets
the direction for further procedures and
clarification. This information is later specified,
expanded or refuted based on investigation into
other related facts. In contrast to other methods,
spatial digitalization enables documentation of
a large quantity of necessary information and
creation of a quality archive as a tool for further
investigation or analysis.

After the work at the incident site and
collection of spatial data, basic registration and
rough cleaning of the 3D data (the point cloud)
is performed on the digital archive. A copy of
the spatial data is always used and the original
data are strictly archived in raw form.
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prostorové informace, tedy rozmér samotného
objektu, ale i vzijemné vzdalenosti mezi
pfedméty a zajmovymi objekty v okoli. Ziskané
informace vzdy odpovidaji aktualnimu stavu k
datu prostorové digitalizace. Skenovani je
proces digitalizace, pii kterém se pievadi
vizualni stranka pfedmétu do numerické
virtudlni podoby. Vysledkem 3D prostorového
skenovani je mrac¢no bodi, kdy pro kazdy bod
je znama jeho poloha vuci skenované pozici
(poloze ohniska skeneru). Pocet bodti zavisi na
uhlu sniméni a na nastaveném rozliSeni. Jeden
sken z jedné pozice nepostacuje pro uplné 3D
zobrazeni, nebot’ z ohniska je viditelna pouze
cast prostoru ¢i objektl a jina Cast je v zakrytu.
Z tohoto ditvodu se skenuji objekty z vice mist,
tedy z raznych uhla, ptipadné vysek. [3]

Ohleddani mista vybuchu s néaslednym
pozarem je specifické svym rozsahem $kod a
¢asto i1 plochou a slozitosti ohledani. Ohledani,
dokumentace a zkoumani ucinkti vybuchu
vyzaduje jak znalosti, tak zkuSenosti. Misto
¢inu, jeho ohledani a dokumentace jsou

'''''' a nejcenngj$i nezastupitelné
zdroje informaci o objasniovani udalosti. Jsou
zpravidla vychozim bodem a naleziStém stop a
jinych soudnich dikazi.

Mnozstvi a kvalita informaci pfimo zavisi na
prabéhu  ohleddni a  rozsahu  sbéru
kriminalistickych stop a poznatkll z mista ¢inu
o pribéhu déje vybuchu. Jedna se zpravidla o
prvotni a nenahraditelné informace, které
bezprostfedné udavaji smér dalsiho postupu a
objasiovani. Pozd&ji jsou tyto informace
zptesiiovany, rozSifovany ¢i vylucovany na
zéklade¢ vySetfovani dalSich souvisejicich
skute¢nosti. Metodou prostorové digitalizace je
oproti jinym metodam zdokumentovano velké
mnozstvi potfebnych informaci a vytvoien
kvalitni archiv, podklad pro dalsi vySetfovani ¢i
analyzu.

Po praci na misté ¢inu a sbéru prostorovych
dat se na vzniklém digitdlnim archivu dat
provede zakladni registrace a hrubé ¢isténi 3D
dat (takzvaného mracna bodt). Plati z4sada, ze
se vzdy pracuje s kopii prostorovych dat a
puvodni data jsou striktné archivovana
vV nezménéné podobé.

Po zakladni pfipravé dat se tato data
exportuji do virtualnich prohlidek a ptikladaji se
ke spisu o pozaru. Pokud to okolnosti vyzaduji,
pfistupuje se k zpracovani dat metodou
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After basic data processing, the data are
exported to virtual inspections and attached to
the fire investigation file. If required by the
circumstances, the data are processed using
spatial modelling, hereinafter referred to as “3D
CAD modelling”.

When creating a spatial model, either a BIM
CAD model or the basic, simplified CAD model
can be used.

2 Material and Method

In the two cases described above, simplified
modelling was used and only the exterior walls
and one internal wall of the family home and the
load-bearing internal wall of the manufacturing
facility were modelled.

In these specific cases, only the spatial data
obtained at the sites of fire were used for 3D
modelling. Thus, no construction drawings or
other additional resources were used. The
resulting CAD model uses coordinates and
dimensions from the 3D point data. We focused
mainly on the damaged part of the wall, which
suffered substantial damage when compared to
its original state.

The first step was taking a 2D cross-section
of the wall in its current state. In the destroyed
part, the contours were projected to the original,
now only a virtual point, by extending the lines.
The direction of the lines was determined from
the existing corners and parts of the original
masonry. Using the scanned window openings,
it was possible to reconstruct the width of the
exterior walls. Using the “extend” CAD
function, a 2D cross-section was obtained by
extending the scanned 3D point cloud along the
z-coordinate. In this way, the basic 3D
reconstruction of the building was obtained.

The next step consisted in visual verification
of the alignment of the newly created simplified
CAD model against the scanned 3D data. We
also verified the number and size of
construction elements. Because the CAD
modelling used the point cloud directly, the
verification was only a formal exercise as the
CAD model created during the modelling
inherited all of the properties (dimensions and
location) from the point cloud.
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prostorového modelovani dale nazyvanou 3D
CAD modelovani.*

Pii tvorbé prostorového modelu je mozné
volit mezi variantou tzv. BIM CAD modelu
nebo pouziti zdkladniho, zjednoduseného CAD
modelu.

2 Material a metédy

Ve vyse zminovanych dvou pfipadech bylo
pfistoupeno ke zjednodusenému modelovani, a
to pouze ve smyslu modelovani obvodovych
stén a jedné vnitini pficky rodinného domu a
nosné vnitini stény vyrobniho objektu.

Pfi 3D modelovani se v téchto konkrétnich
ptipadech vychéazelo pouze z prostorovych dat
ziskanych na pozafistich. Tedy nebyly pouzity
z4dné stavebni vykresy ani jiné dopliujici
zdroje. Vznikly CAD model tedy piebira
soufadnice a rozméry z 3D bodovych dat.
Hlavni zajem byl vénovan ponicené ¢asti stény,
kterd je oproti pilivodnimu stavu znacné
destruovana.

Prvnim krokem bylo provedeni 2D fezu
skute¢ného stavu. V destruované casti byl
proveden prumét obrysi do piavodniho, nyni
virtualniho bodu, protazenim ¢ar. Smér Car byl
ziskan ze stavajicich rohil a z ¢asti piivodniho
zdiva. Diky naskenovanym okennim otvortiim
bylo mozné zrekonstruovat $itku obvodovych
zdi. Nasledny 2D carovy fez byl CAD funkei
Lvysunuti“ vytazen v zetové soufadnici dle
ziskaného 3D mra¢na bodi na pozadi. Timto

zpisobem byla provedena zakladni 3D
rekonstrukce objektu.
Dalsim krokem bylo vizudlni ovéfeni

zarovnani nové vytvoreného zjednoduseného
CAD modelu s naskenovanymi 3D daty. Ovéftili
jsme také pocet a velikost konstrukénich prvk.
Protoze modelovani CAD pfimo vyuzivalo
cloud bodl, ovéfeni bylo pouze formalnim
cviCenim, protoze CAD model vytvofeny
béhem modelovani zdédil vSechny vlastnosti
(rozméry a umisténi) z cloudu bodu.

3 Vysledky a diskusia

Krok visudlni kontroly neodhalil vyrazné
problémy na CAD datech, modelovéani bylo
dostatecné.

Naslednou komparaci CAD zjednoduseného
modelu — pivodni stav a bodového mra¢na —
stav po vybuchu, bylo vytvofeno barevné
schéma odchylek prezentované na obrazku ¢. 2.
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Through a subsequent comparison of the
CAD simplified model of the original state and
the point cloud showing the state after the
explosion, a colour-coded image capturing
deviations was developed and is presented in
Figure 2. The comparison was performed by
subtracting the coordinates of the point cloud
points from the virtual points lying at the foot of
the CAD model perpendicular line. Most the
point cloud points were subtracted this way. The
resulting colour-coded image thus represents
the magnitude of deviations — the distance of a
given point after the explosion from the virtual
point at the foot of the perpendicular line.
Selected limits of the colour range, i.e. the
measuring range, are +/-1,000 mm. For the
green area, i.e. the control area, limits of +/- 50
mm were chosen to accommodate unevenness
commonly found in the exterior masonry.

Figure 2 shows the green area, which
represents the area where the point cloud
coordinates and the CAD model coordinates are
in alignment within the given tolerance limit.
Yellow to red identifies areas with distinct
deformation. Detailed information about the
size of a given deviation can be obtained by
referring to the colour scale, where the size of
the deviation corresponds to a particular shade
of colour. In this way, a deformation zone map
was created.

Komparace  byla  provedena  metodou
vzajemného  odecitdni  soufadnic  bodu
Z bodového mracna a virtualniho bodu leziciho
na paté kolmice CAD modelu. Takto byla
vétSina bodi bodového mracna. Vysledné
barevné schéma tedy reprezentuje velikost
odchylek — vzdalenost bodu po vybuchu od
virtudlniho bodu na paté kolmice. Barevny
rozsah, méfici §kala, byla zvolena v rozsahu +/-
1 000 mm. Zelena oblast — kontrolni byla
zvolena v rozsahu +/- 50 mm z divodu bézné
kiivosti obvodového zdiva.

Na obrazku €. 2 je patrna zelena oblast, ktera
Vv dané toleranci prezentuje shodnost bodového
mracna a CAD modelu. V barvach zluté az
cervené jsou zietelné oblasti vzniklé deformace.
Pro detailni rozmér odchylky je mozné nalézt na
barevné skale s hodnotami korespondujicimi
S danym odstinem barvy. Timto zplsobem
vznikla mapa z6n deformaci.
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Figure 1. Deformation range — 2D measurements
Obrazekl. Rozsah deformaci — 2D méfeni
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Figure 2. Range of zone 3D deformations
Obrazek 2. Rozsah zonovych 3D deformaci

Conclusion

The selected method of 3D real data
processing is universal. It can also be used in
other cases of deformation or deformation
magnitude measurements, for example to
determine the penetrative power of military
artillery ammunition. Other outputs, such as
calculations of volume deformation or material
loss after an explosion, documentation and
calculation of the impact zone size, or
calculation of the size and extent of the impact
crater, can also be obtained.

The method will also enable validation of
data from spatial simulations of pressure wave
effects in the ANSYS simulation environment
in future research projects.
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Zavér

Zvolena metoda zpracovani 3D realnych dat je
univerzalni. Je mozné ji vyuzit i jinych
piipadech meétfeni deformaci ¢&i  velikosti
deformace, naptiklad pii zjistovani priiraznosti
armadniho dé¢lostieleckého stieliva. Umoznuje
také dalsi vystupy vcetné objemového vypoctu
deformaci, ¢i ubytku materialu po vybuchu,
dokumentaci a vypoctech rozsahu dopadové
zony Ci pii vypoctech velikosti a rozsahu
dopadového krateru.

Metoda také umozni v budoucich vyzkumnych
projektech validovat data z prostorové simulace
pusobeni tlakové viny v simula¢nim prostiedi
ANSYS.
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