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Abstract. Industrial heritage, as a unique type of cultural resource, carries rich
historical memories and aesthetic values. However, its visual symbols face dif-
ficulties in contemporary transmission due to a lack of systematic translation
methods. This paper takes Liaoning Province, a representative old industrial
base in China, as a case study to construct a theoretical model for the digital
translation of visual symbols of industrial heritage. Based on semiotic theory
and fundamental design methods, a four-stage translation framework of "ex-
traction - classification - translation - application" is proposed. Through a sys-
tematic analysis of the visual characteristics of Liaoning's industrial heritage,
including mechanical structures, factory forms, and tool profiles, a classifica-
tion system and basic design translation pathways are established, providing
theoretical references for the digital protection and innovative application of
industrial heritage cultural resources.
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1 Introduction

This paper explores the protection and revitalization of industrial heritage in Liao-
ning, a representative old industrial base in China. Unlike general industrial sites,
Liaoning’s heritage features diverse sectors—steel, machinery, and mining—each
with distinct visual symbols shaped by decades of heavy industry. Amid economic
transformation, these landscapes face demolition or idleness. While digital technolo-
gies aid conservation, existing studies lack systematic methods for visual symbol
extraction, semiotic classification, and design-driven transformation—three key levels
of digital translation that this study addresses. A structured review of related studies is
provided in Section 2 to position this research within existing work.
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2 Literature Review

2.1  Industrial Heritage and Its Visual Dimension

Industrial heritage encompasses sites, structures, machinery, and artifacts related to
industrial activities that have historical, technological, social, architectural, or scien-
tific value'. Beyond material protection, scholars increasingly recognize the im-
portance of the non-material dimension, including the visual culture of industrializa-
tion?. The visual symbols in industrial heritage—such as mechanical forms, factory
outlines, tool shapes, and signage—carry condensed meanings, reflecting specific
historical periods, production methods, and social values.

Compared to research on architectural preservation or tourism development, stud-
ies on visual symbols of industrial heritage remain relatively limited. Existing contri-
butions include records of industrial architectural styles *and analyses of industrial
design aesthetics*. However, there is still a lack of systematic methods for extracting
and transforming industrial visual symbols for contemporary application. Most re-
search views visual elements as recorded materials rather than design resources, ne-
glecting their potential in cultural innovation.

2.2  Semiotic Foundations of Visual Symbols

Semiotics provides a theoretical foundation for understanding how visual symbols
convey meaning. According to Saussure's distinction between signifier and signified,
as well as Peirce's triadic model of iconic signs, indexical signs, and symbolic signs,
visual symbols can be analyzed across multiple dimensions®. For industrial heritage,
mechanical forms function as iconic, indexical, and symbolic signs of objects, pro-
cesses, and culture.

Semiotics classifies industrial heritage symbols into iconic, indexical, and symbolic
types, guiding digital translation strategies.

2.3  Digital Translation of Cultural Heritage

Digital translation refers to the conversion of cultural heritage elements into digital
formats while transforming them into new applications without losing their core
meanings. In cultural heritage research, digital technologies have been applied for
recording, visualization, and dissemination®. However, "translation" implies going
beyond the technical aspects of digitization—it involves semiotic transformations
across media and contexts.

Recent studies have explored various digital methods for different types of herit-
age. For architectural heritage, 3D scanning and digital modeling techniques have
achieved accurate recording’. For intangible heritage, digital storytelling and interac-
tive media support cultural transmission®. Nevertheless, there is still a lack of research
on digital translation models specifically targeting visual symbols of industrial herit-
age. Most existing work focuses either on technological preservation or design appli-
cations, without integrating both dimensions into a coherent framework. Therefore,
this study proposes a four-stage digital translation model to address the gap.
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3 Theoretical Framework: Digital Translation Model

Based on semiotic theory and the specific visual characteristics of industrial herit-
age—such as mechanical forms, material textures, and functional traces—this paper
proposes a four-stage digital translation model tailored to industrial visual symbols:
extraction, classification, translation, and application. Unlike conventional design
workflows, this model integrates Peirce’s triadic semiotics (icon, index, symbol) into
the classification stage and prioritizes culturally faithful transformation methods (e.g.,
geometric simplification, texture extraction) over arbitrary stylization. (As shown in
Table 1).

Table 1. Four-Stage Model of Digital Translation

Stage Core Task Main Methods Output Results
Extraction Identification and Collec- Field Shooting and Archival Original Sym-
tion of Visual Symbols Research bol Library
Classified
Establish a Typol iotic Analysi Mor-
Classification =5 ablish a Typology Semio .1c na ys%s anq or Symbol Cata-
System phological Classification
logue
. . Vector Drawing, Graphic Sim-  Digital Symbol
. C rt into Basic De- . . . .
Translation onvert into Basic e plification, Color Extraction and Library

sign Assets o
& Structural Reorganization

. Brand System, Wayfinding Design Appli-
L Adapt to D S - . . .
Application iosap 0 eSISH Soenar Design and Cultural & Creative  cation Scheme

Product Design

3.1 Extraction

Extraction identifies visual symbols from Liaoning’s industrial heritage, including
sites, machinery, tools, infrastructure, and archives. Methods: field photography, ar-
chival research, and literature review using representative sampling across sectors,
periods, and characteristics, while recording context like source, function, and materi-
als. Sample screening criteria were strictly formulated: only physically accessible
heritage sites with prominent visual features and complete historical archives were
included. The validity of symbol extraction was verified via archival image compari-
son and expert evaluation conducted by three professional design scholars.

3.2 Classification

The classification stage uses a dual-axis system: semiotic type (iconic, indexical,
symbolic) and form category (geometric, organic, structural, texture), providing a
basis for differentiated translation strategies.
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3.3 Translation

Translating through basic design operations, the classification symbols are trans-
formed into digital visual assets. For different types of symbols, the following meth-
ods are used:

Basic geometric simplification. - simplifying complex forms into basic geometric
shapes such as circles and squares, suitable for geometric and structural symbols.

Line drawing extraction and vectorization. - extracting outlines to generate vec-
tor graphics, suitable for all types of symbols.

Positive-negative shape conversion. - reversing the relationship between the fig-
ure and background, suitable for clearly outlined or hollow symbols.

Color system extraction. - sampling from industrial materials like rust red and
cement gray to form a 3-5 color industrial palette.

Repetition and compositional restructuring. - organizing into continuous or grid
patterns using techniques like repetition and rotation.

Local magnification and detail emphasis. - selecting highly recognizable areas to
magnify as visual focal points. The above methods are simple to operate, requiring
only basic design software while maintaining cultural recognizability.

3.4  Application

The application stage deploys the translated digital symbols into design contexts,
including visual identity systems (brand logos), wayfinding systems (signage design),
cultural products (notebooks, canvas bags), exhibition visuals (displays, posters), and
publication design (illustrations, decorative elements). The application principle is
"cultural adaptation"—using symbols in a manner that respects their original contex-
tual meanings, avoiding misuse or distortion.

4 Case Application: Industrial Heritage in Liaoning

4.1  Overview of Liaoning's Industrial Heritage

The industrial development of Liaoning spans three major periods: the late Qing
Dynasty (establishment of modern enterprises), the Republic of China period (further
industrial growth), and the socialist industrialization period after 1949. Major indus-
trial sectors include steel production (Ansteel, Benxi Steel), machinery manufacturing
(Shenyang Machine Tool Factory), coal mining (Fushun Open-pit Mine), and chemi-
cal industry. These sectors have formed their unique visual symbol systems.

4.2  Symbol Extraction from Representative Cases

Case 1 (Shenyang Machine Tool): lathe outlines, gear patterns, modular structures.
Case 2 (Anshan Steel): blast furnace forms, molten steel tanks, pipeline networks,
massive volumes and metallic textures. Case 3 (Fushun Mine): terraced excavation
profiles, mine cart shapes, coal seam textures, horizontal layering and rigid outlines.
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4.3 Classification Results

As illustrated in Table 2, three categories of visual symbol cases of Liaoning industri-
al heritage are summarized.

Table 2. Classification of Visual Symbols of Liaoning Industrial Heritage

Form Cate- Icon Index Symbol
gory
. Cutting traces, scal Factory Cont
Geometric ~ Gear, Wheel, Bolt .u 118 traces, scale ac Orx onour
lines Lines
Oreanic Curves of Cooling Tower, Rust patches, weld Chimney Smoke
& Turning Pipes texture Morphology
Truss, Conveyor Belt, As- Structural deformation Workshop Group
Structure .
sembly Line traces Contour
Rivet A t, Brick Scaffold Grid
Texture tvet Arrangement, Bric Wear marks, scratches catiold b

Texture

4.4  Basic Design Translation Examples

This study applies three translation pathways using selected symbols(As shown in
Figure 1):

1. Lathe outline (Shenyang): geometric simplification + vectorization — simplifying
spindle box, guide rail, tailstock into basic shapes for brand logos.

2. Steel rust texture (Anshan): color extraction + repeated composition — creating
an industrial palette and rivet dot patterns for packaging or covers.

3. Terraced mine profile (Fushun): local magnification + positive-negative trans-
formation — generating abstract graphics for wayfinding icons or cultural prints.

original form color extraction original form

>D N L

original form graphic simplification geometric simplification

Fig. 1. Schematic of Digital Translation Samples.
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4.5 Design Application Illustration

Integrating the above translation results into an illustrative design application
scheme.(As shown in Figures 2, 3 and 4).

Symbolic structural design of terraced
excavation contour of
Fushun Open-pit Mine

LOGAL ENLARGEM
POBITIVE P SFORMATION

Extract rhythmic  layerod
lines from the terrmced exca-
vation contours of Fushun
Opon-pit Mine. Through par-
tial zoom and figure-ground
conversion, abatract symbol
ic graphics are shaped to
embody the power and order
of industrial landforms.

Fig. 2. Schematic Diagram of Digital Translation for Fushun Open-pit Mine.

TEXTURAL DESIGN
OF ANSHAN IRON AND
STEEL COMPLEX

Fig. 3. Schematic Diagram of Digital Translation for Anshan Iron and Steel.

DESIGN DERIVATION

Shenyang Machine
Tool Factory

GEOMETRIC SIMPLIFICATION ‘li -
i1 . g
AND VECTOR DESIGN A

Geometrically simplify

101120 the side

f classic

tools from

ng Machine Tool
rks, rotain Industrial

charactenstics and

recognizabllity, and form

a graphic languago

applicable to brand

logos
STANDARD COLOR
LOGO APPLICATION DESIGN CONCEPT APPLICATION EXAMPLES
q 0 z
.H
=)
Shenyung Machine Teol Factory n === —— e

Fig. 4. Schematic Diagram of Digital Translation for Shenyang Machine Tool Factory.
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5 Discussion

5.1 Theoretical Contributions

This study contributes a systematic framework for industrial heritage visual symbols,
integrates Peirce’s semiotics with basic design methods, and proposes “digital transla-
tion” to preserve meaning beyond mere recording.

5.2  Advantages of Basic Design Translation

Basic design translation offers high operability (fundamental skills), low tool thresh-
old (common software like Illustrator), strong controllability (no black-box issues),
and high cultural fidelity (retains original characteristics), avoiding risks of excessive
technical processing.

5.3 Limitations and Future Research

Limitations: heavy industry focus, cultural context needs, and lack of validation. Fu-
ture work: expand symbol database, conduct design practices, and integrate with 2D
animation or dynamic posters.

6 Conclusion

Using Liaoning’s industrial heritage, this study proposes a four-stage mod-
el—extraction, classification, translation, and application—integrating semiotics and
basic design. Validated through three cases, it shows that basic design-driven digital
translation retains cultural recognizability and transforms industrial heritage into
adaptable digital assets for revitalization.

References

1. TICCIH. (2003). The Nizhny Tagil charter for the industrial heritage.
https://ticcih.org/about/charter/APA Style

2. Stratton, M. (2004). Industrial buildings. Taylor & Francis.
https://kns.cnki.net/kems2/article/abstract?v=InoXwbPQWppb52elX3crlRp htuvjdODS5Dj
03gK2GaZa2eqsQT6PYKvKL49cxhQadto-PI1Gh_4xLYnGyeu_ qGpkxispyeYZicMwRT
BLHFfjmx FBj20KYhmtmZdyIVSuJoFGWsrQTIEN6MQx10dRncJGRHOjeF31DDbW2
aGJWL6gemguoBbgMrsnkKJKb7i&uniplatform=NZKPT

3. Douet, J. (Ed.). (2013). Industrial heritage re-tooled: The TICCIH guide to industrial her-
itage conservation (1st ed.). Routledge. https://doi.org/10.4324/9781315426532APA Style

4. Sparke, P. (2025). An introduction to design and culture: 1900 to the present (5th ed.).
Routledge. https://doi.org/10.4324/9781003515579APA Style

5. Chandler, D. (2025). Semiotics:  The  basics (5th  ed.). Routledge.
https://doi.org/10.4324/9781003615644APA Style



346

6.

7.

M.Chuand Y. Li

Parry, R. (Ed.). (2010). Museums in a digital age (lst ed.). Routledge.
https://doi.org/10.4324/9780203716083APA Style

Murphy, M., McGovern, E., & Pavia, S. (2013). Historic building information modelling —
Adding intelligence to laser and image based surveys of European classical architecture.
ISPRS  Journal of Photogrammetry and Remote Semsing, 76, 89-102.
https://doi.org/10.1016/j.isprsjprs.2012.11.006

Kenderdine, S. (2015). Embodiment, entanglement, and immersion in digital cultural her-
itage. In S. Schreibman, R. Siemens, & J. Unsworth (Eds.), 4 new companion to digital
humanities. https://doi.org/10.1002/9781118680605.ch2

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Research on the Digital Translation Model of Visual Symbols of Industrial Heritage: A Case Study of Liaoning Province



