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Approaches to Parametric Configuration 
Modeling and End-to-End Digital Identifier 
Generation in Industrial Modular Housing 
Systems
To meet the national target of commissioning 120 million square metres of housing annually, the Russian con-
struction industry is transforming its technological approaches. Traditional construction methods, characterized by 
high labour intensity on-site and unpredictable processes, are giving way to industrial prefabrication. Large-scale 
modular housing construction represents one of the most promising technologies in construction, allowing up to 
80 % of labour to be transferred to controlled factory conditions. However, the widespread adoption of this tech-
nology is hampered by issues associated with information gaps at different stages of the building lifecycle. This 
paper presents a scientific and methodological toolkit aimed at eliminating existing gaps through the use of para-
metric modelling of building configurations and an end-to-end digital object identification system. The study devel-
ops a mathematical model for generating architectural planning solutions based on constraint vectors that include 
geospatial, regulatory, production, and business requirements. The structure of a unique digital identifier designed 
for use as a key element of end-to-end management is presented. Research has shown that the transition to algo-
rithmic design and digital certification of building system modules improves their organizational and technological 
reliability by reducing the risk of interface conflicts and optimizing production and logistics processes.
Keywords: modular construction, parametric modelling, digital identifier, building life cycle, information model-
ling (BIM), organizational and technological reliability, prefabrication, industrial development

Currently, the investment and construction sec-
tor is facing a depletion of resources previ-
ously utilized in extensive management mod-

els [1, 2]. The current paradigm, which views con-
struction as a sequence of loosely coupled stages, is 
ineffective for large-scale residential construction 
projects [3]. In light of the Russian Construction De-
velopment Strategy to 2030, which prioritizes indus-
trialization and modular technologies to increase pro-
ductivity, the relevance of this problem has increased 
significantly [4].

Large-scale modular construction (LSMC) is 
currently going beyond simple prefabricated build-
ing elements. It is a  special type of industrialized 
construction in which the  building is perceived as 
a  product created using mechanical engineering 
principles. Modern factory production conditions al-
low for precision of up to 2 mm, significantly exceed-
ing the capabilities of currently common monolithic 
technologies on construction sites. Despite the enor-
mous technological potential, the implementation of 
modular construction projects is often hampered by 
issues arising from the interaction of rigid, immutable 
modules with imperfections in the foundation or ad-

jacent structures. In this research paper, these is-
sues will be referred to as “interface conflicts”.

These conflicts may arise due to the  lack of 
a  unified digital system and synchronization that 
could conceivably connect the design concept with 
the production pipeline and installation stages. Ex-
isting building information modelling (BIM) typically 
relies on the creation of 3D models, which can lose 
their accuracy and information completeness when 
transferred between different software environments 
used by various project participants. To overcome 
these obstacles, it is necessary to transform the stat-
ic model into a  dynamic parametric function. This 
function will be controlled by a comprehensive digi-
tal identifier system that will ensure continuous and 
flexible control over the object (Tablе 1) [5].

MATERIALS AND METHODS

A parametric modelling approach to modular 
building configurations

This study proposes a design system that utilizes 
mathematical modelling to find the optimal solution in 
a space with multiple constraints. a distinctive feature 

Table 1. Comparative analysis of the life cycle of building systems

Life cycle stage Monolithic construction technology Modular construction technology

Design Discrete creation of drawings and the possibi­
lity of modifications at later stages

Parametric modelling, fixing the  module configuration at 
an early stage

Production Delivery of building materials to the site Manufacturing of high-readiness modules at the factory

Logistics Flow of supplies of various building materials Synchronized delivery of prefabricated large-sized modules

Installation Long wet processes, weather dependent High speed of module assembly (1 floor in 3–4 days)

Data management Fragmented management, resulting in  
a predominance of paperwork

End-to-end digital identification, digital technical data 
sheets of module elements
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of this methodology is its form, which is not limited to functional re-
quirements but also takes into account the capabilities of the manufac-
turing process [6].

Mathematical model of constraint vectors

For the design system to function, a clear definition of four con-
straint vectors is necessary, which form a corridor of feasible solu-
tions [7].

1. Geospatial and physical constraint vector (Cenv).
Formalizes the context of the construction site:

	 Cenv = {Gsite, Ssoil, Lgw, Aseis, Rclim},	 (1)

where �Gsite is the geometry of the site;
�Ssoil is the  bearing capacity of the  soil, which determines 
the maximum mass of the building; 
Lgw is the estimated groundwater level;
�Aseis is the  seismicity, which dictates the  requirements for 
the rigidity of the module frame;
�Rclim are the  climatic parameters that determine the  thick-
ness of the enclosing structures [8].

2. Vector of urban planning and regulatory restrictions (Creg).
This vector allows us to ensure the legality of the project within 

the framework of current legislation:

	 Creg = {Hmax, Kdens, Kins, Fclass},	 (2)

where � max  H  is the maximum permissible height of the object ac-
cording to land use and development regulations;
�  densK is the coefficient of the maximum permissible develop-
ment density of the site;
� insK  is the regulatory requirements for the duration of insola-
tion of residential premises;
�classF  is the functional fire hazard class of the building, dictat-
ing the requirements for materials and evacuation routes.

All requirements of the Land Use and Development Regulations 
(L&D) regarding the height and density of development are taken 
into account.

3. Vector of production and logistics constraints (Cprod).
The vector sets the boundaries of technological feasibility:

	 Cprod = {Dimmax, Wmod, Tcycle, Trlimit},	 (3)

where � maxDim  is the maximum overall dimensions of one module 
(length, width, height) that the plant can produce;
� modW  is the maximum mass of the module, limited by the ca-
pacity of the crane equipment;
� cycleT  is the cycle time of the production line (the time it takes 
to produce one finished product);
�  limitTr  is the  overall restrictions along the  delivery route 
(the height of bridges, the turning radii of roads).

At this stage, the maximum dimensions of the module are de-
termined, which are determined by the dimensions of the molds at 
the plant (for example, up to 15.5 × 7.5 m), as well as the weight, 
limited by the capacity of the crane equipment.

4. The vector is related to the economic part and reflects busi-
ness requirements (Rbiz).

The target performance function is formed for the developer:

	 Rbiz = {CAPEXtarget, Ssell, Mixflat, ROImin},	 (4)

where � targetCAPEX  is capital expenditure;

sellS  is the required useful (sellable) area of the building;

flatMix  is the specified apartment layout structure;

minROI  is the minimum acceptable level of return on invest-
ment.

At this stage, the desired apartment layout, budget and profit-
ability of the project are determined [9].

Algorithm for optimized generative design  
and scenario-based alternative modelling

Specific optimization algorithms are used to synthesize 
a space-planning solution. The objective function is aimed at maxi-
mizing the saleable area while minimizing deviations from the target 
apartment matrix and complying with all constraints ( ) F X [10]:

  F(X) → max(w1 · Ssell(X) – w2 · ΔMix(X) – w3 · C(X)/CAPEXtarget),	 (5)

where w — project priority weighting factors.
This system can generate various layout options, depending on 

the initial conditions provided automatically:

• “investment” option: the  goal is to quickly sell properties. 
The  selection primarily includes studios and 1–2-bedroom 
apartments;

• “balanced” option: the selection includes a balanced and op-
timal combination of 1–2–3-bedroom apartments. This satis-
fies mass market demand;

• “family” option: in this case, the  selection includes a  large 
number of spacious 2–3-bedroom apartments.

It should be noted that a key step in this system is the configu-
ration locking stage. This is a defined point of no return, after which 
the possibility of changing the geometry is blocked. This is neces-
sary for a stable production flow.

End-to-end digital identification system for elements

To ensure an  uninterrupted flow of information throughout 
the entire lifecycle of an object, a universal digital identifier system 
must be implemented. Under these conditions, the  module be-
comes a unique element of the digital structure, containing a com-
prehensive data summary.

STRUCTURE AND SEMANTICS  
OF A DIGITAL IDENTIFIER

The digital identifier of a module is not just a serial number, but 
a  semantically rich data structure integrated into the  TIM model 
(Tablе 2) [11].

RESULTS

As a result of modelling the target state of the lifecycle manage-
ment system using the developed methodology, the following pre-
dicted performance indicators were obtained:

1. Increased organizational and technological reliability (OTR). 
This is achieved by enhancing reliability at all stages of the lifecycle 
(design, production, installation, logistics). Design and production 
collisions are eliminated through parametric control and the imple-
mentation of digital identifiers.

2. Reduction of the  investment cycle. Using an  algorithm for 
recording the configuration of elements and end-to-end identifica-
tion, the construction period for a 10,000 sq. m facility is reduced to 
17 months [12, 13]. This acceleration occurs primarily at the design 
and installation stages of the aboveground portion due to the elimi-
nation of downtime and rework [14, 15].

3. Cost reduction. The  synergistic effect of implementing 
the methodology ensures a reduction in project costs by approxi-
mately 10.35 % (Tablе 3).
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CONCLUSIONS

As a result of the conducted scientific study, the following con-
clusions can be drawn:

1. The considered parametric design system, under constraint 
vectors, can enable high-level implementation of technical solu-
tions with the ability to resolve conflicts during the assembly stage 
of modular units.

2. Digital identification of modular unit elements enables 
the  creation of a  sufficiently comprehensive information system 
from interconnected elements.

3. The considered algorithm allows for predicting the economic 
efficiency of the system.

4. The  considered system of end-to-end identification and 
parametric design meets current requirements for the introduction 
of digital technical passports (DTP) starting March 1, 2026.
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Table 2. Proposed structure of five functional blocks

Data block Composition of parametres Function in the management system

Metadata GUID, project code, module type (corner/row), 
production series

Clear link to the TIM model and the plant's ERP system

Spatial data Global coordinates (X, Y, Z), floor, cardinal direction, 
installation zone index

Control of positioning accuracy, elimination of errors in installing the module 
in the design position

Technical parametres Dimensions, weight, centre of gravity, design loads, fire 
resistance limit

Automatic selection of a transport trailer and calculation of the slinging scheme

Engineering saturation Equipment specifications, network routing, article 
numbers of finishing materials

Control of plant assembly and support of operational processes

Dynamic status Current phase (Project/Plant/Logistics/Installation), 
quality check log

Synchronization of flows, predictive monitoring of deadlines, activation of works

Table 3. Forecast of cost reduction

Cost item Optimization factor
Forecast of reduction  

in expenditure item, %

Materials (supplied mainly to the plant) Production of blocks using parametric cutting, taking into account precise specifications 1.35 

Logistics Improving the efficiency of transport loading and deliveries 1.50 

Construction and installation works  
(carried out at the construction site)

Reduced lead times, no rework 3.00 

Overheads Reducing the site maintenance period 2.00 

Finance (As part of the payment  
of interest on the loan)

Acceleration of the turnover period of funds 2.50 

TOTAL Complex effect ~10.35 
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Подходы параметрического 
моделирования конфигурации 
и генерации сквозных цифровых 
идентификаторов в системе 
индустриального модульного 
домостроения
Для выполнения национальной задачи по ежегодному вво-
ду 120 млн м2 жилья строительная отрасль России проходит 
через процесс трансформации своих технологических под-
ходов. Традиционные методы строительства, отличающиеся 
высокой трудоемкостью на площадке и непредсказуемостью 
процессов, уступают место индустриальной префабрикации. 
Крупногабаритное модульное домостроение представляет 
собой одну из самых перспективных технологий в строитель-
стве, позволяя переместить до 80 % рабочих усилий в контр-
олируемые заводские условия. Тем не менее широкое рас-
пространение этой технологии сдерживается проблемами, 
связанными с информационными разрывами на разных эта-
пах жизненного цикла здания. В данной статье представ-
лен научно-методический инструментарий, направленный 
на устранение существующих разрывов за счет примене-
ния подходов параметрического моделирования конфигура-
ции здания и системы сквозной цифровой идентификации 
объектов. В исследовании разработана математическая мо-
дель для генерации архитектурно-планировочных решений, 
которая основывается на векторах ограничений, включаю-
щих геопространственные, нормативные, производственные 
и бизнес-требования. Представлена структура уникального 
цифрового идентификатора, предназначенного для исполь-
зования в качестве ключевого элемента сквозного управ-
ления. Исследования показали, что переход к алгоритмиче-
скому проектированию и цифровой паспортизации модулей 
строительных систем повышает их организационно-техноло-
гическую надежность за счет снижения рисков конфликтов 
на интерфейсах и оптимизации производственно-логистиче-
ских процессов.

Ключевые слова: модульное строительство, параметриче-
ское моделирование, цифровой идентификатор, жизненный 
цикл здания, информационное моделирование (ТИМ), орга-
низационно-технологическая надежность, префабрикация, 
промышленный девелопмент
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