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Abstract. Custom room naming in architectural projects can vary
considerably depending ahe user in building information models
(BIM). Having multiple and diverse names for the same room is
particularly problematic for information retrieval processes in BIM
basd projects. Team agreement on naming labels for rooms in BIM
models can avoid unoessary misunderstanding araim to more
efficient collaboration, but current methods to achieve this remain
laborious and flawed. One way of overcome inconsisterafigeom
naming is to rename them manually to align with an officde
standard, & it leads to compounding errors. This research explores
how an automated namirggandardizationvorkflow can enhance the
interoperability of objeecbasedmodelingin a BIM environment and
make information retrieval more reliable for a project life cydlee
nowvelty of this research involves (1) building a custom corpus
specialized for architectural terminology to fit into the BIM
environment and (2) devising a standashing system titled
WuzzyNamingto save manual work for BIM users in maintaining
room-name casistency. This was achieved by applyithg natural
language processing (NLP) technique &utzy logicto perform the
semantic analysis and automate the BIM ratame stadardization.
This research contribuggo eliminating laborious technical tas&ad
directing architects back to design rather than fixing repetitive BIM
error.

Keywords. Building information modelng; Natural Language
Processing; Data interoperabilifyiaming conventionFuzzy logic
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1. Introduction:

In the architecture profession, illing information modeling (BIM) is a
parametic representation of sharethta management for the design,
delivery, and production of building projects. BIM works througldaga
repository that consists of semantic information of object identification to
fadlitate digital datasharing anddesigndecisionmaking along the project
However, semantic inconsistencies in BIM entity labelling can significantly
impact the efftiency and preciseness of data management, particularly on
large architecture project$arameterized desigobjectsin BIM models,
require precise naming in order for the system and its users to navigate to the
correct entities. (Prag004).Information retrieval in existing BIM software,
more generally, suffers from issues of loficeency andpoor accuracy
because ofthe errorprone human naming and heterogeneous naming
protocols, whichhas hamperedhe wider uptake of BIM plforms in the
AEC industry.

In accordance with the overarofi research methodology of action
research (AR) tht is adopted ithis project, consultations with the research
industry partnerCox Architecturehave identified the BIM entity naming
problem as an unresolved issue that impacts the AEC industry. For a host of
reasons, the industry has been reluctanadopt a standar@IM entity
naming protocol, meaning that inconsistences in BIM entity naming
continue to compromise seamless data coordmatmd team and
stakeholder collaboration. And according to the ABAB (2018, p.226) with
the HAgr owi n g, AusiatiashsetimalyfwinddWw & opportunity
to develop a common framework for BI'M pro
question remains, what is eéhmost appropriate and reliable method to
address the problem of BIM entity naming inconsistencies?

Following the core principle of action research, that include iterative or
repeated cycles of planning, acting, evaluating and reflecting, the research
project outlined in this thesis investigates and develops a computational
workflow to overcome semantic differercén BIM entity raming. More
specifically, the research project implements and explores the NLP
technique to drive an automated BIM roomnaering workflow. The
standard process needs to work in hybrid automated and manual processes to
avoid human naturateluctance in aapting machine automation during
work process. (Ruikar et.&2005). To encourage thdility of system it is
wrapped as aveb-based API andan beconvenientlycarried outin BIM
platforms. Consequently, the established workflow harsesid®> and the
techniqueof Fuzzy logicto address the nemniform BIM entity haming in
architectural projects. By developing a workflowttleercomes the barrier
of language meaning conflicts, data reliability and interoperability in BIM
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projects can be aintained whih ultimately contributes to advancing multi
disciplinary collaboration in architectural projects.

2. ResearchAims

The ovearding goal of this research project is to apply semantic knowledge
to enhance the data representation in collab@ratfiesign projects. More
specfically, the project aims to develop a workflow to mitigate inconsistent
BIM entity identification naning in architectural projects.

The project will develop techniques to extract entity labels for room
names in a Revit matl and utilize the alg@ghmic methods of NLP and
approximate string matching the Python programming language. Finally,
hosting the system inwaeb-based interface farseiis access. The completed
languagestandardization workflow proposed aims to dssiesigners by
automating the taséf making BIM entity naming consistent across a project
which is currently undertaken manually. Ensuringnitg consistency and
accuracy in BIM datamanagement contributes to fostering the robustness of
BIM project manageent in the AEC industry.

3. Research Questio(s)

Based on the research aims summarized above, the questions are raised to be
solved by theesearch:

How can Natural Language Processing be applied to develop a
workflow that automates BIM room naming insistences to align with
established organizationatandards?

4. Methodology

Withthedef ni ti on of 6cont r i bunsefpebpbetinh t o
an immediate problematic situation and to further the goals of social science
simultaneously (ABL Group 1997), this research project adopts the
overarching methodology of Action Researdkction Research (AR) is
characterized by bridginthe relationship between practice and concepts
ideas to satisfy industry identified problems. AR is oriented towards
collaboration amongst stakeholders involved and aims to incorporate
multiple perspective form industry to enhance the validity of the eesh
(Hearn& Foth2006). AR follows an actiosreflection cycle that is organized
iteratively from reconnaissance &xtionexecution (Lewin 1946) and this
organization is reflected in this research pobj

In the researclproject, the problem has been collaboratively fifieal
between the researcher and industry partner (@wkitectur§. With the
collaboration of industry partner, tHeowledgegap between clients and
researcher can be alleviated through the intervention of actieearch,

t

he
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whi ch enabl e t odcodd nepdr i ksneo wd teadcgteiéc iann t hi s r
(Hearn & Foth2006). The research issue is been investigated by developing
the languaggrocessing workflow, this procedure will involve 3 iterations.
(Figure 1) Beginning wih the inquiry of naming convention in BIM
working-environment, action research advocates the appropriate evaluation
of current expectations towards theaaxh object for gathering potential
actions. Speci fically spearkineffigent t he i nval.
synchronous exchange of doeentationand conflict between stakeholder
involved in design team, this leads to the call for established aegamal
standards regards to existing naming system in BIM context.

Following by thediagnosingstage the research demandsriespondig
plans to discover the rational solution. For addressing the issue caused by
inconsistent names, appropriate langage prototype should be developed
in the actiortaking phase. Suitable data and language models must be
collected and organizesk the fudamental components for executing name
standardization along future iterations. Same process should be conducted
and ealuated continually to gain comprehensive apprehensicesearch
topic and improve the system accordingly. Through applyiveg dyclica
process of action research, each iteration will be gauged based on the
efficiency and accuracy test by which it makbee BIM naming standaitoe
rational in workplace. Coesgjuently, the iterative design proceggmrantees
the effectiveness oesearch aiwome and offer potentiadustry-practice in
future.
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Figure 1. Action Research Cycle tfe Reseach Projed

5. Literature review

BIM STANDARDIZED NAMING CONVENTIONS

The term of Building Information Management, defined by NIBIMS
(National Buildng Information Modeling Standard), is an advanced process
which covers multiple aspects (planning, design, constructi@ratpn and
mantenance) associated with architecture project via implementing a
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standardized machirmeadable information model (RS 2007 p.25). In

BIM project, the predefined naming standard is considered as the
fundamental identifier of prefabricate@lements at thepreliminary
manufacturing stage (Chen et 2015). The prevailing BIM standards allow

for precise object recognith and renedy of ambiguous definitions which
maintain the shared vision and common agreement amongst stakeholders
(Barbosa eal. 2016)

Although BIM processes have been widely adopted iratlehitecture,
engineering, and constructiofAEC) industry globally, entity-handling
remains problematic. The various naming conventions adopted by
practitioners involved in AEC industry leadg¢emantic dferences of entity
labels. Many scholars argue that inefficiencies in architectural project
organization and produoth relaed to entity naming misunderstandings
between project team members, could be overcome through a standardized
BIM naming system (Tglor 2007; Yang& Zhang 2006)

Nevertheless, developing a standardized BIM naming system is a
challenging task. It isestimaed that across the 20,000 architecture
organizations in Australia each have developed their own unigheuse
BIM library (Dudd et al.,2013). Lee et al (2012) identifies four key factors
that need to be addressed to develop a standardized Bity eaning
process including: taxonomy (informal description), manual classification
and deficiency of name uniqueness. Counsatly, te current BIM
environment requires a harmonization of entity names to limit the
complexity across different naming docemtatons and eliminate onerous
tasks in project management.

Several existing methodologies and guidelines have been imposed
solve he naming conflicts, ranging from numerous versions of official BIM
standards (e.gNATSPEC 2011, NBIMS 2012) to indusal specifications
(e.g. IFC-Industrial Foundation Classes) for keeping the name conformance.
Before exploring the potentiabf name cmpliance in BIM platform,
Eastman (2005) introduced a Design Review tool to adopt the naming
conflicts between Departmth space and individual base spaces. Chen et al
(2017) developed a semiautomatic naming system accordance with the
properties acquiredfrom BIM objects in Revit, it enables simultaneous
update and revision of inconsistent space names to eliminate the
misinterpietation and identify human error. While it applied an angming
tool to ensure semantic consistency, this complicaystem reqgires extra
time to classify components. Additionally, it is difficult foon-expertusers
to retrieve the objectdsed o the name generated in this unacquainted
system. These examples put emphasis on accomplishing compliance
checking in BIM nodels, but rather than impose a stringent Biidming
standard on thousands of organizations, an automated process coulg identif



LOST IN TRANSLATION 7

and rectify multi-named BIM entities. Duan (2011) attests to this, arguing
that instead of radapting a new formal languagearstiard,delivering a
semantic mechanism to formalize the natleabuage representation is
more considerable and efficient.

In the architectural workplace, it is tirr@onsuming for organizations to
train empbyees to follownew naming identifications iposed by the unified
nanme schema. To more effectively address the naming conflicts related to
the use of different BIM libraries, and to overcemswes of ambiguity and
diversity in entity naming, a generic semantic representation can be applied
to repreent, organize and regiéathis information in real time.

DATA RETRIEVAL IN NATURAL LANGUAGE PROCESSING (NLP)

In order to construct a systeimat can extract, identify, organize, and rename
BIM entities accurately, this research proposes the applicafiamatural

language poessi ng ( NLP) . Kumar (2011) defines
computer science and linguistics concerned with the interactietvgeén
computers and human(natural) | anguageso (¢
frequently on information retrievatlata extraction and tilaccess with the
goal of accompilkes hli magg Wehguemamr ocessing6 (Li

should be noted that sevetabls involving NLTK (Bird et al. 2009) and
spaCy (Honnibal& Montani 2017 are available for executing natural
language processing

In the context of this research, the NLP fasusn the semantic measure
These involve semantic similarity, string matahiand keyword search.
Natural language, with the inherent property of ambiguity and vagueness, is
likely to provoke confusion andmiprecise outcongefor computational
processing. The language uncertainty can be ameliorated through evaluating
the semantic miilarity. Dating back to the DISTANCE algorithm (a search
technique) developed by Rada and Bicknell (1988%),donceptual distance
between different terms has been measured to support the information
retrieval in artificial intelligence. On that basis,dfi& (1999) introduced the
IS-A taxonomy approach to unravel semantic ambiguity and syntactic
ambiguity by masuring the wordelaiedness exist in corpus.

With the rapid development of computer science, NLP has become a
transdisciplinary technigue to @tssemantic analysis. WordNet, an online
lexical system developed from Princeton University (Miller et1890),
organize and encapsulasevord ontology inSynset (Synonym set) for word
identification and differentiationApplying this apprach Palkovsk et al
(2011) presented an external plagiarism detection system by employing
WordNet for Word sense disaimghation. In the medical field Kim et al
(2003) synthesized all the medical terminology from biological literature
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into a comprehensiveorpus with the help of NLP. But ithe achitecture,
engineering and construction fielfAEC), and in relation to degn
technologythere are limigéd examples of NLBmplementationsThe NLP
method raises the likelihood of organizing the informationharged in

BIM project and helps to standardize the natural language term of object
name into specigdt language concept.

COMMUNICATION OF COLLABORATIVE BIM SYSTEM WITH NLP

NLP is an appropriate fit for addressing BIM entity naming problems
because acrding to Succar (2009), semantic richness plays an important
role in objectbasedmodelingof BIM collaboration. In the &AC industry,

the interoperability of data exchange is vital to facilitate the efficient sharing
of valuable information synchronouslybetween stakeholders. But
insufficient semantic representation leads to errors and the inability for
model exchange.

While organizations who adopt BIM approaches employ different ways
of working and regulations, Lorio et al (2016) proposed a semaustiersyto
alleviate information dilemmas across different platforms, stakeholders,
disciplines, and ommpizations. This syste includes naturdbnguage
understanding techniques, which interprets design issues into statements
with formal language use. The itormed outcomes avoid designers
suffering from misunderstanding heterogeneous problem definitions in
collaborative desigprojects. Through applying NLP, an automated design
review database developed by Lee et al (2012) overcame-statuing
issues i namebased mapping process. Hence, similar ideas can be applied
from formalizing design issues ttaadardizing room narse

The NLP interface in CAD tools presents the advantage of replacing
specialized terminology into natural language expressiorghndvoids the
contradiction in language use and allows easy recognition for users (Samad
et al. 1985) Compare with traditinal interface, an experiment proved that
NLP receives better evaluation of uggeference and efficiency (Biermann
et al. 1983). Futhermore, some studies discussed the implementation of
NLP on facilitating the project management Building information
modeling(Lin et al.2016; Lee et al2012).

In conclusion, the existing research shows that NLP has found
applications inAEC field particularly in the domain of modekchange or
automated document cléfssation (Venugopal edl. 2012; Jung Lee2019;
Salamaet al. 2016). However, there are limited examples of its use in
relation to natural langage processing for BIM naming convention as NLP
is considered as the mainstream tool in ComputernBeiarean recent
years. But ti should be acknowledged that there is growing interest in
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bridging the gap between Computer Science and Architecturepldisci
Thus, as an essential branch of Computer science and Artificial intelligence,
Natural languageprocessig could be worth expting to benefit the
collaborative BIM system.

6. Case Study

To investigate the application of NLP in a wflow to automateroom
naming inconsistencies in a BIM project, this research project has adopted
the case sty of a finishedstadium project from Gg which incorporates

the pragmatic advice from industry. The project proceeded in two key stages
that involved firstly developing a custom architectural corpus and secondly
programming a workflow to create a wbh®d naming standdization
system The achitecturalcorpuswas built first to specify the architectural
terminology, this supports theemantic normalization with more buiift
knowledge of room nanseThe system is wrapped as a pytmoduleand
delivered as the WelPI interface for standardonsultation in architectural
projects. Hosting the application on the web makes the workflmse m
accessible across an organization. The workflow is capable of operating on
diverse platforms for the convenimee of users such as Bgmo or
Grasshopper in théesign workplace

6.1 CHOOSING THE NAME DOCUMENT$OR ANALYSIS: THE STADIUM
PROJECTS

For realizing the possibility of a controlled language system in the
architectural workplace, an iterative script is programmed to host the
standardization process. Witthe ability to recognize and process design
terminology, it is necessary to train maws to be aware of the jargons and
direct them into correct classification. Due to the time limitation, the
research scope confined to rooramres of Stadium project$he training
material was chosen from the existing rename documents of Cox
stadium pojects. Through integrating the existing room names, the time
spent on collecting specialized vocabulary will be saved. Employing the
room nanes used in ongoing projectill prevent the system from being
impracticable in the workplace.

6.11 Pre-analysisof theoriginal room-nanmes

To ensure thequality of the namestandardizationapproach common
problematicexpressions during desigmwllabaation have been reveat by
analysingthe featuwes of received roomames.Accordingly, the following
system putemphasis on resdhg the frequent language hurdles of room
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naming listed in Table 1 for delivering explicit repregntation of room
semarnts.

TABLE 1. Categoryof common language conflicts in RoelNames

Name Definition Representation
Category

Polysemantic Same meaning with different Toilet, Bathroom, Loo,

word expressions Restroom..

Word contains Name with non-string characters  PROPERTY-ROOM 3E.

excess content (number, punctuation...)

Abbreviation Name with unrecognizable COMMS ELEC.
abbreviation

Misspelled words ~Name with spell mistake HOME_MASSAGE

6.2 ESTABLISHING DOMAIN -SPECIFICCORPUS A WORD-DATABASE OF
ARCHITECTURAL TERMINOLOGY

fiStructured collections ofnnotated linguistic data are essential in most
areas of NLB (Bird et d. 2009) The domairspecifc corpus is of the
essence in achieving the accurate evaluation for the NLP system.
Nevertheless, due to the limited application of NLP in the archigctur
discipline, the current ubiquitous dictionaries are unavailable foewdcig

the research aimSince unsuitable language database hinders language
analysis building specializedcorpus should be considered as the core
precondition to assure the validity of linguistic processing in the AEC
industry.

6.2.1Gathering andrganizing theexistingroomnameresources

The development of representative corpus in the architectural domain starts
from deploying an NLFbased workflow to prprocess raw names in
existing BIM documents. The procedure involves several steps: cleaning,
tokenization, and classificatiomf names. Since unconventional phrases
occurred frequently in room identification, the heterogeneous room names
are categorized as follows to avoid missing thosestandard collocations
(Figure 2):

1. Abbreviations

2. Expresion withpunctuations

3. Normal expressian

These name groups will be processed independently to expand the richness
and diversity of architectural expsésns that constitute the corpus.
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Abbreviations

Punctuation _Expression

Normal _Expression

AL EVENT/SPORT STORE' FIELD CLUB BAR’

ADMIN *SIGN-IN COUNTER' ‘CATERING OFFICE ENTRY

AFC "CR.GNRL, FIP

‘Admi ‘SECURITY TOILET

'BEV S RY / EGRESS "0SD PIPE ROOM'

850 E - PLAYERS AND OFFICIALS' "AWAY ME

e, P MITIES (CENTREUNE CLUB) ION
AN L 'CIRC, "0 MY, ! NTROL ROCM
AMENITIES FEMALE (SOUTH STAND) ‘CIRC" E LAUMDRY",
IRRIGATION PLANT CLNR A HOME INTERCHANGE',
AWAY DRINKS 2 TR, L "CONCOURSE NORTH WEST'
BAR COMMS "PHYSIO / MASS WASTE ooM
KITCHEN 'COMMS INDEPENDENT TS - (L 'NORTH LOWER BOWL UNDERCROFT
BIN STORE CRGNAI ' s ‘GENERAL COOL ROOM |,
CONCOURSE 'CRKEG ()
SICEUINE EYES 1 'CRMEAT
PV NITES (FUNCTION) 'CRRT ETING ROOM
F UFT D8
ST, FaB' A FEMALE (SUITES §
GOODS UFT & GEM 'SPA EQUIP.
COMMS = PANE GC *AMENITIES FEMALE (SUITES NORTH)'

Figure 2. Cate@ry of original roomnames instadium projects
6.2.2Capturingessential echitecturalexpressiongrom nameresources

Based on the former analysis of raw documents, the phrases need to be
tokenized and segmented to acquire the individual term. To improve the
efficiency of word collection, only fragent concepts are remainecctmfine
the corpus into a manageable size

To calculate the word frequency, there is a need to transform the word
collection into documerterm matrix (DTM). The DTM technique enables
to convert the linguistic text into maclkeieadable content in a vecia
semantic environment, then allows &®&lecting the significant terms among
all expressions. The frequencgunting scheme is developed to filter the
negligible words angathervaluable wordgFigure 3). Figure 4 summaeg
the wordextraction procedr e wi t h t he-neCrampbkedof H6Bcgn
these shared terms used in BIM projects will be passed intcugiemized
corpus as thbasiclexical entries

Valuable Words

: frequency
. ) acces 1
: access 218
) admin 609

> administration 6
admission 2

workroom 1

workshop 4

written 1

; vh, yard 1
_| zone 5

655 rows x 1 columns

Figure 3. Frequency Ranking of Important Terms
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Raw Room_Name

Remove Excess text
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Input into Word List
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Figure 4. Preprocessing worldw of raw data é&Sigrtin Counteb
6.2.3DefiningWord Classificationsand Building ClassHierarchy

Upon the extraction of valid terms, it was discovered thesdtvords are
chaotic and unrelatto each other, this sailts in difficulty for computeto
recognize and standardize the name input baséaeinrelations. Tdouild a
full-fledged database, the word list requigncipled storage within a
systematic structure. In the light of thigerequiresthe corpus vth explicit
hierachy must beestablishecthrough computing the semantic similarity
between terms and grampg them into individual sets under specified name
class. Considering the complexity of room classification, kbg terms
(Figure 5) arespecifiedby the industry partndp sene as the benchmark of
name normalization.

Important_Terms
show_powsr

staff_room

stair

stors_room

substation
substitutes_bench

terrace

ticket_box

toilet

talsvision commentary box
telsvision_studio
uniterupted powsr supply
vale

void

warm_up

wasts_room

water_matsr

workroom

workshop

Figure5. Important room names fromdustry partner

For navigating the irrelevant words into determined names;lagpython
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script is built todetectthe sematic relationship with respect to theord
sense The hierarchical structure of WordNet (Miller 1998 suitable to
compute the semantic ladedness according to the hypernym, hyponyms,
and synonyms stored inits word-Synsets (Synonymsetg. Although
WordNet performs well in decoding the semtia relations, the informal
lexical entries with architectural specialized knowledge are absent in
WordNet databaseThis bottleneck can be removed bseeking the
synonyms othosetermsmanuallyto cover the deficiery of unconventional
expression.

Conventional word toilet

comfort_station’

WordNet public_convenience”,"W.C.", "loo", "lavatory”,"flushless_toilet
flush_toilet”, “sewer”, “toilette”, “john”, “lav", “toilet”, “bathroom”, “privy
Representative stool”, “gutter”, lavatory”]
Synonym-Sets
= Unconventional word ticket_box
Manual collection [“ticketbooth", “ticket book”,""ticket_office”,"box_office")
.
Final Python
Dictionary
)
Data
Retrieval

Figure 6. Synonym Se& customcorpus in python dictionary

Accordingly, combining the lexicatollectionsfrom both WodNet and
manual wordacquisition the synonyms of important terms are gathered as
the fundamental compamts of the termnological corpus Supported by
adequate vocabulary, tleerpussatisfies the accurate data retriefigure
6).

6.2.4Evaluation offinal corpus

The final corpusis delivered to execute the compudétded linguistic
anaysis for future name normalizatiol€ommencing onevaluating and
categorizing the roontermsfrom stadium name schedules, tberpus is
synthesized with accumulatesynonyn-sets under proper classification
(Figure 7. During the preparation process, manuend computerized
practice work in parallel forcnieving the corpus rationality and remedy the
insufficiency of technical phraseology in traditiodationaries



Text Input ,J Term Extraction /'
Domain Corpora Abb

(BIM room name) Data |_,| Data Cleanup > Word - punr:::‘::if:
collection & Filtering Categorization Normal words

Hierarchical SﬁuctuE?J Term Classification ,J

. -— Similarity Build
Corpus-Ontology Output Finalize «—| Computing < Synonym Sets | | Valuable words
Corpus Structure & Build & Lexis & Key Terms
word relationship Classification

Figure 7. Workflow ofdomainspecific corpusievelopment

Figure 8 depicts the lexicatelations of roomnames in final corpus,
which gives the machine permission to accomplish the semantic
understanding in accordance with tinord herarchy (e.g.: Compute
understandsiChanging_plada&is synonymous withd-ititng_roomd as they
locae in sameclasg. Given the clear affiliation among vocabryathe word
network is capable of retrieving therm preciselywithout causing sense

ambiguation.

Architecture
Sector

v

Stadium

Changing_place

Cloakroom

70

Figure 8. Fragment of theorpushierarchy: the affiliation of room name.



LOST IN TRANSLATION 15

6.3 BUILDING ONUZZYNAMING§ THE NLP PROCESSOR FORNAME
STANDARDIZATION IN DESIGN PROJECTS

6.3.1 Preprocessing of input data

The name standardization is startsdthe basic NLP procedure, involving
punctuation removal and word segmentation. Recallingptleanalysis of
current inconsistent naming, the systgawe priority to dispose spelling
mistakes from input. Figur@illustrates thegpython scripfor spellcorrection
which nicely rectify the errorsThe Fuzzylogic- a computational algorithm
assistsin finding approximate stringshas beernchosento undetake the
stringmatchingby comparingthe patternsimilarity between input text and
wordsin capus

Input Word:"Conferancerom” Target Words_list: Corpus

def fuzzy_search(word,word_list):
RATIO=[]
sim_result=[]
answer=[]
RATIO=[process .extract (str(word),word_list,limit=50,scorer=fuzz.ratio)]
sim_result=[r[0] for r in RATIO]
answer = [i[e]for i in sim_result]
return answer,RATIO

Figure 9. Fuzz string-matchingscript
6.3.2 Developing theName Sandardiation Approachfor Roan-Names

In order to automate the naming standardbzefrom the corrected input the
semantic understanding should be captured for elaaimed termOne major
challenge in meetm this inenion is how to solve compounexpressios
that are recurently demanded in room naming. This synthetic language
raises the difficulty for computer to comprehend the name connotation. To
make sure the system is flexible and practical enougstandardize the
random inpit from users, the issue afomplex words is approached by
establishing a comprehensive system to mamidgparatescenarios showed
in Table2.

TABLE 2. Variety ofrandomroom naming

Noun-Noun ELEVATOR LOBBY
Open Compound Word Adjective-Noun CLEANED ROOM
Adjective FIRST-AID
Hyphenated Compound Word  noun COLD_ROOM
Adjective ELECTRICAL
Individual Word Noun BATHROOM
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In the standardized processor (Figut6), the complex names that
disobey the linguisticules will be tokenzed into separatedwords, the
iterative system allows to nduct athoroughlysimilarity calculation okach
tokenized termcomparewith the predefined corpus. Once the computing
completed, ach word will be aligned with e standarctlass which has
highest score in relevance ranking. The similarity measureraeairiied out
through evaluatingboth morphological and wordense relationship to
guaranteghe preciseness of normalization. Similar wvitie spell correction,
fuzzy-logic algorithm assists texamire the wordform similarity. For the
word-sense relaticghip, the explicit word hierarchy in corpaminatethe
confusion of polysemy andassociatethe wordinput to its standard
classificaton if they share equivalence méag. After verifying the access
of normalizing individual lexis, joining themogethe and output the
standardizedoomnamefor any intuitive input.

SN | reepery |

“Essential Computersrom” Cleaned-up
Tokenization
[‘Essential’,_"Computersrom’] l
Words_List
Individual word / multiple words
essential” _“computer room’] Spell Comrection  Fwi
! 1 pe Architectural
Corpus B -
computer_room
Wﬂms_hsa[ﬂ—l & [“computer-room"]
“essential” : \ “computer-room”
“computer_room” » Retrieve the key of
X TR o L ¢ No | Words_listi directly rancard word
Key [ . . Belon - /
I s to Multiple
Within Key term list? No—>
?;ﬂr:; o aytem .. Key termin Corpus?, “essential": Standard Results.

Yos  ['central ‘main” asic’] -+ Morphological relations

Similarity Mairt
Computing | sy Sttt
H tandard wort
Between Words_listfi Ranking |
& Corpus e
Yis ford relations © ['main”0.85, “central"
. 10751 basi [0 457
[main”
“computer-room’]
o samdaratom |
More than
 one standard term? .-+ Y 1

Join seperated terms

join(standard_listf)], standard_list[)])) No

Final Standardized
Room Name

Within the key term list?
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Figure 10. Workflow ofstandardizedorocessor
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64 USERINTERFACE DEPLOYING THE WUZZYNAMING MODULE INTO
DESIGN PROJECTS

After compiling the python modé of standardiation processr, the
completedscriptwaspackageds the WebAPI by Django. Djangoworks as
a python web framewerk to establishthe programming interface The
delivered inerface is through BIM softwar@.g.Revit & Rhino) connecting
to the API. To achievethis, a Grasshoppescript is generatedo interact with
the API and thengive access t®WuzzyNaming modulg¢Figure 1). Figure
12 demonstrates th#te inconsistent room namesRevit floorplanwill be
standardizedsucceshully by sending the Grasshopperoutput to Revit.
Therefore WuzzyNamingshould beapplicable todifferent BIM platforms,

which permitsthe reusability of proposegystemand eassuser 6 s access
with simple operational interface
WuzzyNaming API-URL
\ ‘ i,_ ' Standard
~7@§ - Name Class
i - i {a >

Name Input
From Floor-plan

Figure 11. WuzzyNamind\PI in Grasshoppemorkflow

Floor-plan Revit Schedule
- £ ~N
T 3 v
Premium WG PemmwWe || o el Seamaces
Coaches = | am)
Orice -
- | g
s
GAWC Lavratory Bathoom Toilel f
[} i
2
i
RM H
Input: Room Name Output-Standard class

Grasshopper workflow-WuzzyNaming Application

Figure 12. Standad result in Reviroom £hedule
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Figure 13. Overview of Standardizatiomorkflow

7. Discussion

The standardized classification generated from the normalization workflow
demonstrates the success of applying Natural Language Rngcess
technique to dwe the raming discrepancy iBIM. To validate the efficacy

of the proposed standardization approach accompanied with the customized
architecturalcorpus a series of room names are picked randomly from the
ongoingstadium projects in CoArchitecture ¢ be cosidered as the study
objects for accuracy evaluatiomhe results shown in Table 3 indicate the
viability of systemwith nearly 95% accuracy rate in acquiring standard
name classThe results are calculated by dividing the numbecatect

room chssificdions by the total mount of room inputs. What is noteworthy

i's that after training the machine
processing complex expression has been optimized with the attempt to offer
an enhanced understding of NLP utiization in BIM, which becones more
responsive for user 6s requirement

progr e:

ASs

sho
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progress Step from iteration 1 to the next iteration, the flexibility and
accuracy of the workflow improves. (Table4).

TABLE 3. Evalwation outcome

Maximum Minimum Mean 94.52%
293/310
0.51s 0.128s 0.28s (total tested names)

TABLE 4. Reflections of Iteative testingputcome

cookroom kitchen
t t .
igcroa:iiea we entry 1. Cannot process the complex expressions
- 2. Difficult to comprehend the word with
podiam podium

abbreviation
3. Cannot direct to the correct classification
when there are multiple words in expression

rackss
allergen prep

comms communication

security_room police

therapy RM physio

ticket booth ticket_box 1. Improved system can deal with compound
drinks drinks_station expressions.

LIFT LOBBY elevator_lobby 2. Increased Result Accuracy

ESSENTIAL COMPUTERSROOM main_computer-room

However, the limitations of the resehroproject should also be
acknowledged. The time constraints of awléek research project duration
has meant that the project could produce a pobabnceptdemamstrating
the basic utility of NLP technique for use in a BIM project for the AEC
industry. Akey limitation of the developed workflow uncovered during the
researchprocess is the vocabulary deficiency of architectural corpus, as in
currentstage, thadevised corpus $ theindispensable tool for computer to
understand wordense Given moretime, this problem could bevercome
with deeper investigation and collection towards the room expressions from
different building projects(eg. Office or ResidentiaBuilding). Regarding
the user interfag, the system rurisdependent in web API at this stage, this
leaves space for future developmdmyt exploring the usefriendly interface
(Figure 1) to assistnexperienced designers in architectwvatkplace.
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Figure 14. Mock Revit Interfacd?opup Window

Furthermore, the present system fatesdilemma to preess compound
expressions by relying on the immature corpus created in eadyg stf
research. The computational inteflitce could begushed further through
introducing the machine learninigchnique. This shows more opportunities
in which profound reseah could be explored to broaden the usability of
system in a larger scale. Reding the user interface, the system runs
independent inweb-APl at this stage. This leaves space for future
development and user testing to improve usalalitgt accessibilitacross an
organization and potentially the AEC industry more generally.

Despte the shortages outlined above, the systsmcapable of
normalizing inconsisteataming situationsind deliverthe standard clago
Revit schedulgTable5). Along with théBIM popularizationin architectural
domain, the system showcases the possibility of reformiiy Bistem in a
more intelligeice way with respect to the iman language understanding.

TABLE 5. Standardtlassreault in Revitroomschedule



