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Parametric 3D reconstructing and
interpreting iconographic evidence: case
of the Song Dynasty architectural massing

typologies

% Check for updates

Yan Zhou', Morun Zhang?, Luke Li®0< & Weixin Huang®

Parametric heritage 3D reconstruction using iconographic evidence has the potential to extend
modelling data sources and enhance the modelling efficiency. This study presents a novel and
preliminary workflow to document, 3D reconstruct and interpret architectural massing typologies in
the Song Dynasty of ancient China, integrating iconographic evidence. Multi-source historical images
are collected and screened through chronological and appraisal assessments. The extracted massing
principles are translated into parametric algorithms using Rhino-Grasshopper, then tested on 3D
reconstruction of historical images by student participants. Furthermore, it is applied in an interactive
design way through the Biomorpher plugin. The results show that the algorithms successfully
enhanced the modelling efficiency, while limitations are also reflected. The interactive design
application facilitates scenario comparisons in Song architecture 3D reconstruction and design. This
study also sheds light on future applications in architectural conservation, interactive heritage
education, and other research aspects in art and architecture.

3D reconstruction is considered a key procedure in architectural heritage
research, conservation and interpretation. The accuracy of 3D reconstruc-
tion relies on synthesising multi-source evidence'™, from quantitative data
like photogrammetry™’, remote sensing’, to qualitative documentation like
archaeological reports’, photographs®, archival documentation’, oral
histories'’, etc. Among these, the iconographic evidence from historical
images, such as architectural drawings''™" and ancient paintings”, is
invaluable, especially when physical remains are scarce >,

To enhance the efficiency of 3D modelling, parametric tools have
proven effective from modelling architectural forms'”", to designing
artefacts'” and patterns™ . By encoding architectural logic, such as shape
grammars, into mathematical formulas or algorithms, these tools facilitate
rapid generative modelling . Platforms like Rhino-Grasshopper offer
interfaces for graphical programming, and can be easily integrated with
systems like HBIM (Heritage Building Information Modelling) and HGIS
(Historical Geographic Information System), performing optimisation
functions™™".

Parametric 3D reconstruction based on iconographic evidence
has been explored in many studies recently'>”. Despite some

into heritage conservation requires expertise in iconography, archi-
tecture theory and digital modelling. Such an interdisciplinary task
faces challenges in knowledge communication, collaboration, and
time constraints'”’. Meanwhile, inaccuracies in each step can affect
the authenticity of modelling results. For example, images from
incorrect periods or imitation copies might be misused when lacking
the capacity to evaluate iconographic evidence™. As suggested in the
London Charter for the Computer-Based Visualisation of Cultural
Heritage, computer visualisation should systematically identify and
evaluate sources, and its dissemination should be accessible to a
maximum range of users for cultural heritage learning and protection
purposes™.

This study focuses on the application of parametric 3D recon-
struction on iconographic evidence, taking the Song Dynasty archi-
tectural massing typologies as a case study. In Chinese traditional
architectural conservation, the surviving architecture and archae-
ological remains, often missing information of previous upper struc-
tures, could be insufficient for a comprehensive 3D reconstruction’.
Historical images complement these data sources by offering con-

advancements, integrating iconographic data sources systematically temporaneous visual documentation of architectural forms”’™*, and
"Faculty of Architecture and the Built Environment, Delft University of Technology, Delft, the Netherlands. 2School of History, Renmin University of China,
Beijing, PR China. School of Architecture, Tsinghua University, Beijing, PR China. e-mail: liluke@tsinghua.edu.cn

npj Heritage Science | (2025)13:300 1


http://crossmark.crossref.org/dialog/?doi=10.1038/s40494-025-01851-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s40494-025-01851-3&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s40494-025-01851-3&domain=pdf
mailto:liluke@tsinghua.edu.cn
www.nature.com/npjheritagesci

https://doi.org/10.1038/s40494-025-01851-3

Article
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Fig. 1 | Illustration of Song architectural massing typologies. This figure shows the massing typology of Xie Wu, growing from the main building volume, and combing
with Lang, adapted from ref. 77. a Main building volume; b Main building volume + Xie Wu; ¢ Main building volume + Xie Wu + Lang

can serve as references for 3D reconstruction and interpretation if
properly analysed”. As a period with typical architectural form and
standardisation achievements, exemplified by the publication of
Yingzao Fashi (“Building standards”, “E &£ 3\” in Chinese), the Song
Dynasty offers insights into ancient architectural design principles**'.
One of these impactful design principles that was handed down by the
following dynasties was the “architectural massing typologies™***,
referring to the correlative relationships between the main volume
(IE[E) and its affiliation volumes* (Fig. 1). Different typologies can be
found in a small number of existing buildings and archaeological sites,
while hardly mentioned in Yingzao Fashi (e.g. “Xie Wu #RE”,
“Lang JEE”, “Guitou Wu #3k/E”) and other Song Dynasty texts
(e.g- “Bo Shui JHK”). “Xie Wu (RE)”, “Bo Shui (’A’K)” and
“Lang (JEB)” are three typical massing typologies.

Recent iconographic studies of Chinese traditional architecture
were mainly historical studies” ", with minimal attention to bridging
iconographic evidence with parametric heritage documentation, 3D
reconstruction, and interpretation. Some other research for 3D
reconstructing Chinese traditional architecture mainly relies on the
Yingzao Fashi principles, which don’t always explain the case-specific
facts. Existing studies have also explored parametric modelling for
Chinese traditional architecture, such as relying on textual frameworks
from Yingzao Fashi*~', and Gongcheng Zuofa Zeli (T T2 {0 E W 51)°".
Recent works also investigated the composition and design principles of
Qing courtyard buildings (F&BT)™, Hutongs (#[R)™, roof tile
components™, and even modern architecture®. For extracting, doc-
umenting, and parametric modelling the design principles of Song
Dynasty architectural massing typologies revealed from historical
images, there is still a gap. Therefore, this study develops a workflow and
algorithms that can support heritage professionals and even non-
experts to generate efficient and authentic 3D reconstruction models
under different research, learning, or design scenarios.

Methods

The selection of multi-source Song Dynasty images based on
chronological and appraisal assessment

Multi-source Song Dynasty images open data that illustrate architectural
massing typologies, ranging from paintings, images in local records and
inscriptions on stone, to images in architectural decorations are exhausted
(Data collection end-date: 18/04/2023) and collected in this study, which
forms the main part of the evidence database. Non-image information
shown in Yingzao Fashi, other textual documentation, and existing archi-
tectural cases and sites are also gathered as dual proof. There are 363
paintings, 38 images from local records and inscriptions from stone, 9 cases
from other art forms, as well as textual and existing cases are collected as

information resources of Song Dynasty architectural massing typologies
(Fig. 2).

The selection of the retrieved images undergoes chronological and
painting appraisal assessment, based on theories from scholars as Xu™, Fu™,
publications from the Chinese Ancient Calligraphy and Painting Appraisal
Group”, and Cahill*’. In Table 1 shows the assessment criteria and coding
standard.

* The chronological and appraisal accuracies of the images are cate-
gorised into four grades (Very High, High, Medium, and Low).

 The levels of representation of the images are categorised into four
grades (Very High, High, Medium, and Low). The chronological and
appraisal assessment ensures that the information from images is
authentic and reliable, avoiding the misuse of imitation/fake image
versions. Only cases with at least medium accuracy and medium level
of representation are used as evidence.

¢ The architectural massing typologies and typical characteristics of the
structure and form that appeared in the images are also coded.

This study takes three important typologies, “Xie Wu”, “Bo Shui” and
“Lang’ as main modelling cases. The “Xie Wu” refers to smaller parallel
volumes connected to the left/right or both sides of the main building
volume, following down-grade principles. The “Bo Shui” means a parallel
affiliation volume connected to the front or back side of the main building
volume. The “Lang” is a type of connecting volume used as corridors or
boundaries in the design of courtyards. They represent three main logics in
Song Dynasty architecture design, respectively, compositing building
volumes from the axes of width and depth directions, and as linear con-
nections. There are 119 cases collected that consist of typologies of “Xie Wu”,
41 cases of “Bo Shui” and 153 cases of “Lang”. After the chronological and
appraisal assessment, the remaining evidence cases for the 3 typologies are:
104 cases for “Xie W™, 40 cases of “Bo Shui” and 146 cases for “Lang” (Fig. 2).

Massing principles extraction and translation using Rhino-
Grasshopper modelling

The Rhino-based Grasshopper plug-in is a graphical programming software
that has been widely used in architectural design, urban planning, structural
calculation, and heritage documentation, which can automatically generate
digital models based on defined parameters and algorithms™**~'.

This study extracts and translates the massing principles shown in
iconographic evidence. Focusing solely on the scale of building groups and
their relationships, rather than on building details, this study only includes
parameters that reflect these key characteristics. As some of the character-
istics of affiliation volumes follow correlative principles with the main
volume, the algorithms in this study are divided into two parts: the basic
algorithms and the correlative algorithms.
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Historical Images

Non-image Documentations

1. Paintings : S
inscription on stone

* Paintings on paper/silk
* Building Murals
* Burial Murals

* maps
* inscription on stone

363 images 38 images

2. Images in local records &

Ying Zao Fa Shi (E1&;%xt)
* Documentation of typologies,
workload, materials and images

125 related to typologies

3. Images in other art forms

« architectural imitations in woodwork decorations

* architectural imitations in burial brick carvings, stone carvings,

dual proof 3relatedto “Xie Wu (EE)"
D ——_— 18 related to  “Lang (J&R)"

Other documentations
Historical documentations

masonry tower decorations of 150,000 words
9 cases
_______________________________________________________________________________ Architectural cases and
archaeological sites
38 cases
Three Case Studies
' “Xie Wu” “Bo Shui” “Lang”
119 cases 41 cases 153 cases !

Chronological and Appraisal Assessment

“Xie Wu”

104 cases

“Bo Shui”

40 cases

“Lang”

146 cases

Fig. 2 | The retrieving and screening of historic information of Song Dynasty architectural massing typologies. This figure illustrate the categories of data sources, the

dual proof approach, the selection of three typology cases, and the screening result.

* Basicalgorithms include the characteristics of a single building volume.
These principles have been shown in fruitful studies by Liang'*, Pan
and He*, and Chen®. Previous studies have also shown the potential of
translating principles from Yingzao Fashi into algorithms™™".

* Correlative algorithms include the characteristics in the affiliation
volumes that might be the same as, be following a downgrade principle,
or be independent of the main volumes. The related parameters and
principles of “Xie Wu”, “Bo Shui” and “Lang” have not yet been fully
studied, so the extraction in this study also contributes to the history
and theories of Chinese traditional architecture.

The whole algorithms follow the structure of “input parameters”,
“computation - control points and control lines”, and “output - gen-
erated 3D building volumes”***. Parameter groups range from ground
plan & scale, roof shape, to components. We define one parameter for
the massing typology selection, and select 24 parameters of basic
algorithms and 24 parameters of correlative algorithms to describe the
design principles of three massing typologies (Table 2, Fig. 3). Within

the correlative algorithms, there are 15 parameters for “Xie Wu”, 12
correlative parameters for “Bo Shui”, and 11 correlative parameters for
“Lang” that need independent input. By embedding correlative prin-
ciples in the algorithm, there are respectively 9, 10, and 6 parameters in
the algorithms of “Xie Wu”, “Bo Shui”, and “Lang” that are controlled
by the input from the main volume parameters. This means the per-
centages of reducing independent inputs are respectively 37.5%,
45.5%, and 35.3% in modelling each massing typology, which is
expected to improve the modelling efficiency. Meanwhile, the algo-
rithms embed all combination possibilities of different parameters,
and allow creating scenarios of non-discovered typologies that follow
the principles. In Fig. 3, a more detailed modelling flowchart illustrates
the algorithm structure and the mutual influences between
parameters.

Main building volume modelling
Referring to previous research on Song Dynasty architecture, we complete
the modelling of the main building volume (Fig. 3, grey blocks).
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Table 1 | The chronological and appraisal assessment process of historical images.

Chronological and appraisal accuracies

Very High High Medium Low
The painting itself fully reflects The painting reflects the The information on the painting is It is difficult to find enough
the information of the era, with information of the era. There is a not enough for appraisals, but evidence for the dating, and even
e.g. the author's own inscriptions. generally accepted conclusion of there is a rough consensus on the scholars have different opinions.
There is a doubtless conclusion of dating. painting’s period/dynasty. Some
the dating. paintings from the dynasties

around the Song Dynasty are also
considered by scholars to reflect
certain Song characteristics.

Thousands of Miles of Mountains Along the River During the Competition for the Gold Bright ~ Luoyang Tower (;&/H#£/%), Tang
and Rivers (F2ET1l//), Qingming Festival (;&H7_£ T/, Pond (£ 85,5 % #7/5), Song Dynasty (others believe Yuan,
Northern Song Dynasty, Wang Northern Song Dynasty, Zhang Dynasty, Zhang Zeduan, Tianjin Ming, Qing Dynasty), Li
Ximeng, Palace Museum Zeduan, Palace Museum Museum Zhaodao, National Palace

Museum, Taipei

Levels of representation

Very High High Medium Low
The depiction reflects high degree  The depiction reflects high degree The depiction of architectural The depiction of building forms
of authenticity of architectural of authenticity of architectural information is simplified, but the cannot be identified, and only the
information. information, but the details of basic scale of the building form number of building volumes can
architectural components are not can still be recognised. be roughly judged.

h enough.

Scholars in Landscap (E1A), Watching the Tide at Night (5 & Album of Paintings Inscribed by Fishing Village by the Pines and

Five Dynasties and Ten Z/), Song Dynasty, Li Song, the Emperor (2% 5801, Peaks (#4g#£17/&), Southern
Kingdoms period, Wei Xian, National Palace Museum, Taipei Southern Song Dynasty, Ma Song Dynasty, Gao Keming,
Palace Museum Yuan, private collection National Palace Museum, Taipei

Architectural massing typologies

Xie Wu Shanmian Pi Wu | Bo Shui | Banjian Wu  Zi Que Ao Wu Liang Peng  Yanmian Pi Wu  Danchu Guitou Wu  Ding Zi Wu  Qu Chi Fang
1¢:9] (LLIET#HD (A (FEB (FH (B (5 (1BERE (ELBLE (T#5 (R
|

iﬁJEE%E%ﬂ]]E= T T “i

Lang Shi Zi Wu Sichu Bo Shui Sichu Guitou Wu
(BB (+F5 (BEL (OB

FE&E#&HL S =Jf;=¢

Special Roof Free Massing
(FHETR 0=/::E0)

This table shows the assessment criteria and coding standard, respectively in chronological and appraisal accuracies, levels of representation, and the classification of architectural massing typologies. The source

of digital scans of historical paintings are downloaded from the “Zhonghua Zhenbao Guan” (F4¥ £ 18) platform.
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Table 2 | The structure and organisation of input parameters in the algorithms

Parameter Basic aleorithm Correlative aloorithm Main building Xie Wu Bo Shui Lang
group 8 8 volume (EJE) (B (84K (M)
typology select massing typology

ground plan

central control point/line

relationships with central control point/line

building type

relationships between building types

Diantang ground plan

relationships between Diantang ground plans

Tingtang ground plan

relationships between Tingtang ground plans

width [Jian (&])]

relationships between widths

depth units [Chuan (#%)]

relationships between depth units

Cai/Fen/Zhi (¥1/43/3%)

relationships between Cai/Fen/Zhi

\/ [ [ \
N | | |
3 T 7 m
\ N N N
J T
v N
& scale v = = =
width between pillars (F:#7) [Fen (43)]  relationships between widths between pillars S N | v
depth per unit (347%) [Fen (4)] relationships between depths per unit N \* v v
eaves pillars height (&£ 5)) [Fen (47)]  relationships between eaves pillars height \ \* | v
volume relationship ] V [ [
structure relationship | v v |
volume side | \/ \/ |
roof type relationships between roof types \ | v |
roof shape number of floors relationships between number of floors \ \* \* |
eave layers relationships between eave layers S v | |
Juzhe (Z597) relationships between Juzhe \ | | |
pillar diameter (£:4%) [Fen (41)] relationships between pillar diameters S | | |
rafter diameter (#%4%) [Fen (4))] relationships between rafter diameters \ | | |
purlin diameter (184%) [Fen (43)] relationships between purlin diameters S | | |
purlin extension (it Fx) [Chi (JX) Cun (51)] relationships between purlin extensions N | | |
bracket sets (5i{FZ%0) relationships between bracket sets N \* N x

components - — — -
intercolumnar bracket sets (M4 1) relationships between intercolumnar bracket sets N N N v

- Y —

?;%;;( eting of Fujie (&I 4l ff: 220 [Pu relationships between bracketing of Fujie \ v | |
walls | | N |
wall type | | | v
wall location | | | v
sum 24 24 21 24 22 17
“dF” 21 15 12 11
“m” - 9 10 6

reduced independent input (%)

37.5% 45.5% 35.3%

+ Independent input free parameters
V* Independent input parameters influenced by the main volume
[l Parameters controlled by main volume

Such parameter doesn’t exist for this massing typology

e A “central control point of the main volume” is linked to the
Rhino model.

+ Tor the ground plan parameters, it can be chosen from “Diantang (&
E)” to “Tingtang (JT & )” typologies. Then, more detailed values of the
column grid can be selected.

+ For the scale parameters, the main measurement unit, “Cai (#1)”, is
defined. Then the “width (FF[B])”, “depth units (3#3R)” and “eaves
pillars height (#§4%%)” of the main building volume, as well as the
partitioning parameters such as “width between pillars (A5 ), “depth
per unit (383R)” are defined. These parameters all follow the mea-
surement unit of Cai.

* For the roof shape parameters, there are three inputs: “roof type”
(including 3 main types, “hip-gable (&X)”, “two-sloped-gable
(& L)” or “hip roof (FEBE)”), “number of floors”, and the “eave
layers” (including 2 types, “single eave (B24&)” or “double eaves
(EHR)).

+ For the components parameters, the “Juzhe (237)” can be influenced
by the “building type”. The other 5 parameters, “pillar diameter
(HER)”, “rafter diameter (#%%&)”, “purlin diameter (&R)”, “purlin

extension (HBR)”, and “bracket sets (3}48t)” follow the measurement
unit of Cai.

* For all parameters mentioned in Yingzao Fashi and previous research,
we provide recommended values, but there can be flexible inputs on a
case-by-case basis.

The algorithms of “computation - control points and control lines”
and “output - generated 3D building volumes” are internal codes that
can run automatically. They include the control points/lines of the
building “Ceyang (flI#)” based on the input of ground plan & scale,
roof shape, and components parameters, along with the bracket sets
control point/lines based on the input of bracket set parameters.
Finally, the main building volume includes the “walls & openings”,
“foundation platform ( BHE), “pillars”, “rafters”, “purlins”, “roof &
roof ridges”, and “bracket sets”.

Following the input of the main building volume, architectural massing
typologies can be chosen. In this study, we preliminarily provide 5 options,
none (single volume), “Xie Wu”, “Bo Shui”, “Xie Wu + Bo Shui”,and an on/
off button of “Lang” (Fig. 3, purple block).
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Xie Wu (R/E) Bo Shui GEK)

‘main building volume ()

select massing typology

Lang (88)

Lang () ground plan (88 parametes

[ ] i volume i ground plan (88 computaton ‘l_

|

g (B8H)cor

The Grasshopper algorithm structure

Fig. 3 | The Grasshopper algorithm structure. The flow chart illustrates the parameters, options or input range of each parameter, and the relationships and mutual

influence between parameters.

“Xie Wu” parametric modelling

According to the previous study of “Xie Wu” correlative principles* and
related parameters defined in this study (Table 2), the algorithms are
categorised into three groups (Fig. 3, yellow blocks, Table 3).

1. Parameters controlled by the main volume. These characteristics
are directly consistent with the main volume and are not allowed to
change on their own initiative. For example, “Xie Wu”’s “building
type” of “Diantang” or “Tingtang” follows the input parameter of
the main building volume*'. According to Yingzao Fashi, the “Cai”
of “Xie Wu” is one grade lower than the “Cai” of the main volume,
so this parameter is also controlled by the main volume. Similarly,
the roof type of the “Xie Wu” usually follows that of the main
volume.

2. Independent input parameters influenced by the main volume.
The number of “depth units” and the “depth per unit” of the “Xie
Wu” are under certain constrains from the main volume. For
example, the number of “depth units” should be less than or equal
to the main volume’s “depth units”. The value of “depth per unit”
also depends on the mutual “structure relationship” and “volume
relationship” between the main and affiliation volumes. When
there is a shared structure, the values are equal. In many cases, the
“eaves pillars height” stays equal between the main and affiliation
volumes. The layer of “bracket sets” in the “Xie Wu” usually lower
the grade, too, so this value should be less than that in the main
volume.

3. Independent input free parameters. For some parameters of the “Xie
Wu”, like “structure relationship”, “volume relationship”, “volume
side”, and “width between pillars”, the values are not subjected to the
main volume, so they can be freely selected by users according to the
specific objectives.

“Bo Shui” parametric modelling
Similar to “Xie Wu”, the correlative principles and related parameters of “Bo
Shui” (Table 2) can also be categorised (Fig. 3, green blocks, Table 4).

1. Parameters controlled by the main volume. Due to the affiliation
volume in the “Bo Shui” massing typology being adjacent to the front or
back side of the main building volume, some parameters of “Bo Shui”,
such as the “building type”, “Cai”, “width between pillars, and “eaves
pillars height” are usually the same as those from the main volume.

2. Independent input parameters influenced by the main volume. Some
parameters like the “number of floors” can be influenced by the main
volume, often having the same values.

3. Independent input free parameters. Parameters like “structure rela-
tionship”, “volume side”, “depth units”, and “roof types” are inde-

pendent input parameters.

“Lang” parametric modelling

The modelling of Lang is based on a central control line, which allows
the construction of linear volumes. Compared to “Xie Wu” and “Bo
Shui”, the correlative principles of “Lang” with the main building
volume are less obvious (Table 2). According to Yingzao Fashi, the
“Cai” of “Lang” is two grades lower than the “Cai” of the main volume,
which is the main characteristic controlled by the main volume (Fig. 3,
blue blocks, Table 5). We also provide several options for modelling the
partition walls shown in the cases, including the “wall type” and the
“wall location”.

Validation and application of the massing principles

After building the algorithms, a validation and application process is
conducted. Using the Grasshopper algorithms, exercises on 3D
reconstruction of historical images are conducted to test the capability
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Table 3 | The relationship between selected parameters, evidence sources, and their integration into the “Xie Wu” algorithm

Correlative algorithm )?gég)u Evidence examples rlzzll%i(;;ltsi:)nn
relationships with central control point/line n - 2;;:1?;23
relationships between building types B VYingzao Fashi same
relationships between Diantang ground plans v Not yet a specific rule observed free input
relationships between Tingtang ground plans v Not yet a specific rule observed free input
relationships between widths Vv Not yet a specific rule observed free input

murals of Yanshan Temple in Fanzhi, Shanxi (1] 77 Z U 7 1175 )
Incense Burning Ceremony (32 #35/4)

relationships between depth units V*  Landscapes of the Four Seasons (V442117k /%) < main volume
Thousands of Miles of Mountains and Rivers (7271 111 &)
Bangquet by Lantern Light (7247 12 /5)
one grade lower
relationships between Cai/Fen/Zhi B VYingzao Fashi than the Cai of
the main volume
relationships between widths between pillars Not yet a specific rule observed free input
- automatic
equal to main
relationships between depths per unit V*  Pavilion and Landscape (#/5111.7k /&) volume
- 125
- other
“IEIRTJE], IR, eeeeen HELH . 7 see Zhou, Bida (the Southern -~ dutomatic
relationships between eaves pillars height V*  Song Dynasty) Si Ling Lu (£ equalltommaln
Autumn in Han Palace (7X = # &) - ;80{530
} - - centered
volume relationship J Weinan Chanxiu Temple Daxiongbao Hall (78 B #15+F A S8 connec?ion
Snow at Dusk over Mountains and Streams (/% 111 25 /&) - front aligned
- back aligned
Water Mill (/] 17 %%/5) - shared
structure relationship N murals of Yanshan Temple in Fanzhi, Shanxiv( LZ/@ B 2 1L <5 R ) .structure
Weinan Chanxiu Temple Daxiongbao Hall (75 55 #1155 A S&) - independent
Pavilion and Landscape (#£151117K &) structure
Thousands of Miles of Mountains and Rivers (F&71 111 /) - left
volume side V' Banquet by Lantern Light (AT #5/%) - right
murals of Yanshan Temple in Fanzhi, Shanxi (1] 7§ 5 5 117 <74 ) -left & right
Courtly Odes, Beginning with Wild Geese (545 « N IBIEZ 11/5)
Water Mill (/#1714 /)
relationships between roof types B Delicate Residence at Songdeng (F4-#5F5/7 (&) same
Thousands of Miles of Mountains and Rivers (7271 111 /&)
murals of Yanshan Temple in Fanzhi, Shanxi (11 77 2% 2 11) =5 5 1)
murals of Yanshan Temple in Fanzhi, Shanxi (1] 77 & 2 115 i)
relationships between number of floors V'« Spring Dawn in the Lake and Mountains (#]111 Z8£/%) < main volume
Competition for the Gold Bright Pond (£ W11h 5 #5/%)
relationships between eave layers Vv Not yet a specific rule observed free input
relationships between Juzhe |
relationships between pillar diameters | )
- - - Cannot be extracted from images, but recommended values are provided
relationships between rafter diameters | . . . same
according to Yingzao Fashi
relationships between purlin diameters |
relationships between purlin extensions |
Water Mill (/#7417 /4)
relationships between bracket sets V'« murals of Yanshan Temple in Fanzhi, Shanxi (1175 20§ 5 11 < £10) < main volume
Autumn in Han Palace (X 5 # /&)
relationships between intercolumnar bracket J Not yet a specific rule observed free in
sets put
relationships between bracketing of Fujie Not yet a specific rule observed free input

+ Independent input free parameters
V* Independent input parameters influenced by the main volume
[ Parameters controlled by main volume
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Table 4 | The relationship between selected parameters, evidence sources, and their integration into the “Bo Shui” algorithm

. A Bo Shui . Algorism
Correlative algorithm Ga7K) Evidence examples realisation
relationships with central control point/line - automatic
calculated
. . . Main Hall (IE/8) and Xian Hall (/8 of Dou Daifu Temple (3 A A4
. g

relationships between building types Pictures of Auspicious Omens (H )X HI%) same
relationships between Diantang ground plans Vv Not yet a specific rule observed free input
relationships between Tingtang ground plans Vv Not yet a specific rule observed free input

Pictures of Auspicious Omens (2¥%/7 /%)) - automatic equal
relationships between widths V*  Baosha of Huozhoushu Main Hall (7E/MZA 5% 511 /8) to main volume

p: )

Incense Burning Ceremony (37 #5/5) - select other Jian
relationships between depth units Vv Not yet a specific rule observed free input
relationships between Cai/Fen/Zhi B Main Hall (IE/8) and Xian Hall (/%) of Dou Daifu Temple (3 A K #7) same

p (LK) (i) of ifu Temple ( )
relationships between widths between pillars B Pictures of Auspicious Omens (114 1 [5) same
relationships between depths per unit Vv Not yet a specific rule observed free input
. . . . Main Hall (iF/&) and Xian Hall (j/&) of Dou Daifu Temple (3 K A #7)
1 h llars heigh | .
relationships between eaves pillars height Autumn in Han Palace (X 275/%) same

Autumn in Han Palace (7X /5 # &) - shargd Smcllcmtre
structure relationship V' Pictures of Auspicious Omens (F %757 /%) ) Hsl trelllaciﬁr:n

Dragon Boats Racing for the Pennant (721 #5/5) - inserted beams

Landscapes of the Four Seasons (V4531117 &) - front
volume side Vo TR TP IR =/H]. ' see Chen, Kui (the Southern Song - back

Dynasty). Nan Song guan'ge lu (55 K 1E 1557 - front & back

Pictures of Auspicious Omens (12¢ %/ /%)) - two-sloped-

. o gable (£ 1l1)
. . Autumn in Han Palace (X 5 # /&) . -
relationships between roof types v . - - Luding (W)
Landscapes of the Four Seasons (V4531117 &) .
Incense Burning Ceremony (382 #25/5) i SHEEle structure
s el (1 54 45 H0)
relationships between number of floors V' Pavilions Amid Winter Trees (ZE /5] free input
relationships between Juzhe |
relationships between pillar diameters | ) .
- - - Cannot be extracted from images, but recommended values are provided
relationships between rafter diameters | . . . same
- - — according to Yingzao Fashi
relationships between purlin diameters |
relationships between purlin extensions |
relationships between bracket sets Vv Not yet a specific rule observed same
relationships between intercolumnar bracket sets vV Not yet a specific rule observed same
walls y  Along the River During the Qingming Festival (& L7 E) -on
Pictures of Auspicious Omens (12¥% 1/ /%)) - off

\ Independent input free parameters
V* Independent input parameters influenced by the main volume
I Parameters controlled by main volume

of the algorithms. Four students from different backgrounds are asked
to use the algorithms to 3D reconstruct the holistic architectural scenes
from seven paintings, including building volumes and the surrounding
environments. The final 3D reconstruction results they provided
should be approved by at least one expert. They are also asked to count
the number of minutes spent (including time of parametric modelling
and time of manual adjustment), and reflect on the biggest challenge of
3D reconstruction.

For further application, the Biomorpher plugin in Grasshopper is used
as an interactive optimisation interface for Song Dynasty architectural
massing typologies design. This allows the generation of several alternative
optimal solutions instead of inputting manually, and is able to evolve
continuously to assist generative design.

Results

Parametric modelling outputs

The parametric modelling outputs show diverse combinations of dif-
ferent parameters. Part of the parameter combinations with 73

outcomes are illustrated (Fig. 4). It should be noted that only some
obvious parameters are included in this table, such as the “roof type”,
“eave layers”, “volume relationship”, “structure relationship”, and
“control line” attributes. Parameters such as ground plan, and com-
ponent dimensions are not shown in this table to reduce overwhelming
information. If bringing the value variations of the non-listed para-
meters into the combinations, the number of outcomes that this algo-
rithm provides can result in a dramatic increase.

Validation and effectiveness assessment

The parametric algorithms are tested through a 3D reconstruction
process regarding Song Dynasty paintings by four student participants
(Fig. 5), with time and challenges recorded. The selected paintings are
1) the western wall murals of YanshanTemple in Fanzhi, Shanxi
(PRI E LSFPEEEEEE)), 2) the painting Incense Burning Cere-
mony (REEREM), 3) the painting Delicate Residence at Songdeng
(AR FEIEE), 4) the painting Autumn Scenery of Rivers and Moun-
tains CLILFKEME), 5) the painting Palace banquet (ZT5E), 6) the
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Table 5 | The relationship between selected parameters, evidence sources, and their integration into the “Lang” algorithm

Correlative algorithm Iaaﬁg)g Evidence examples Algorism realisation
relationships with central control point/line v - free input
relationships between Tingtang ground plans Vv Not yet a specific rule observed free input
relationships between widths Vv Not yet a specific rule observed free input
relationships between depth units V= Autumn Scenery of Rivers and Mountains (YL 1118 5 /%) = 1t\s,§1c:l r;;l:cted

two grades lower than
relationships between Cai/Fen/Zhi B Yingzao Fashi the Cai of the main
volume
relationships between widths between pillars Vv Not yet a specific rule observed free input
relationships between depths per unit Vv Not yet a specific rule observed free input
relationships between eaves pillars height Vv Not yet a specific rule observed free input
relationships between Juzhe |
relationships between pillar diameters | )
relationships between rafter diameters ] Canr_lot be extra(j‘ted frorp images, bu.t recommended values are same
provided according to Yingzao Fashi
relationships between purlin diameters |
relationships between purlin extensions |
Water Mill (/#7417 /5)
relationships between bracket sets V* murals of Yanshan Temple in Fanzhi, Shanxi (11 75 ZUF 2 115 48] < main volume
Autumn in Han Palace (/X 5 # &)
relationships between intercolumnar bracket sets vV Not yet a specific rule observed free input

Summer Palace of the Ming emperor Figure (] 2.4 5 [5)
murals of Yanshan Temple in Fanzhi, Shanxi (1] 7§ & 5 11 <74 )

- normal wall (%5 1-5%)

- B
wall type vV Palace banquet (& 15/5) plznk Wallll(ﬁ?;sz
Water Mill (/] 17 %%/5) win vjit‘zxzft w(all )
Watching the Tide at Night (/7 X% /#1/5)
Summer Palace of the Ming emperor Figure( ] 2.4 5 /X))
) murals of Yanshan Temple in Fanzhi, Shanxi (11 77 2% 2 11) =5 5% 1) - central wall
wall location v P - front wall
Palace banquet (‘& 17/5) - back wall
Water Mill (/1 #1% /%)

+ Independent input free parameters
V* Independent input parameters influenced by the main volume
[l Parameters controlled by main volume

painting Pictures of Auspicious Omens (PERIE), and 7) the
painting Eighteen Songs of a Nomad Flut (8%i+/\18) (Table 6).

3D reconstruction modelling efficiency highly depends on the content
complexity of the referenced painting, the required accuracy of output, the
participant’s academic knowledge and modelling skills. This makes it dif-
ficult to quantify the degree of optimisation of this approach compared to
traditional 3D reconstruction. However, it can be confirmed that the effi-
ciency has been significantly improved, based on the authors’ previous
experience in Chinese Song Dynasty historical painting 3D reconstruction.
The 3D reconstruction process usually consists of an identification process,
including collecting references and background information, identifying
typologies, speculating possible values of parameters, modelling, and
adjustment and iteration. Usually, a painting including a series of building
volumes takes days to weeks to reach essentially accurate outcomes. A worse
situation is mentioned by the traditional modelling workflows of other types
of architecture based on iconographic evidence®.

Through the application of this algorithm, the modelling of each
building volume can be completed around 15 min, and that for modelling all
elements in one painting can be reduced to around 2.5 h. Particularly in the
modelling of some regular and symmetrical courtyard spaces, the time can
be as short as 15 min for completing both parametric modelling and manual
adjustment (Table 7).

It is recognised by the participants that parametric modelling
didn’t consume much time for only choosing from the pre-defined
options for each input parameter, but more time was spent on adjusting
the relative positions of different building volumes and comparing

different output versions, to gradually increase the accuracy with the
referenced 2D painting. Besides, the most time-consuming process is
still the manual modelling of building volumes and surrounding
environments that don’t have pre-defined algorithms. For example, the
modelling of undefined building volumes intersection features is
extremely difficult, as the current algorithm is not yet sufficient to
address all variations of intersection details (Table 8).

Scenarios comparison using Biomorpher

As an extended application of the algorithms, the Biomorpher plugin in
Grasshopper helps generate combinations of parameters, which can be used
for design comparisons. Biomorpher can compute a set of 12 scenarios each
time (Fig. 6). According to the actual needs of the design, evolution direc-
tions can be set, such as 1) the need to achieve the maximum use of space
(largest volumes), 2) the need to achieve the most complex form (largest
surface area), 3) the main and affiliation volumes have the same value of
pillar heights, etc. As the evolutionary direction is determined, it will evolve
to the best design as the number of generations increases. The use of Bio-
morpher extends the function of the algorithms to fulfil both research and
design purposes.

Discussion

This paper presents a novel and preliminary study of developing
parametric modelling workflows using Rhino-Grasshopper to docu-
ment, 3D reconstruct and interpret Song architectural massing typol-
ogies, integrating iconographic evidence. First, multi-source historical
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Fig. 4 | Examples of 3D reconstruction variations with multiple massing typologies. This figure shows respectively some key examples of parametric “Xie Wu”, “Bo Shui”,

“Lang”, and combinations modelling.

images are screened based on chronological and appraisal accuracies, algorithm to serve for other architectural design and scenario-
and levels of representation. The extracted and translated principles comparison tasks.

result in algorithms that can realise a great amount of massing typology

The current algorithms also have the following implementations and

modelling by changing the combinations of values among 24 basic limitations:

parameters and 24 correlative parameters. Second, a validation and
application process is conducted to test the algorithm’s effectiveness
and robustness. There are 7 paintings successfully 3D reconstructed by
student participants, meanwhile reflecting on the potential challenges.
The Biomorpher plugin is also used to explore the application of this

* The massing typology principles are embedded in the Grass-
hopper algorithm, so that users need not input manually, which
can also avoid false inputs. This can expand the scope of 3D
reconstruction researchers, for example, from architectural
scholars to public.
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identification

select the painting for

3D reconstruction

example:

parametric modelling

+ 2 floor double eaves hip-gable main building
volume. Width = 5 Jian, Depth = 6 Chuan, bracket
sets layers include 4, 5, & 6.

« on both sides, single eave hip-gable Xie Wu,

gather previous
research and reference

identify typologies and
values of parameters

independent structure, centered aligned. Width =3
Jian, Depth units = 4 Chuan.

* single eave hip-gable single building volumes on
both sides. Width = 3 Jian, Depth units = 4 Chuan.

« Lang modelled through straight control lines, with
central walls. Depth units = 4 Chuan.

manual adjustment:

» front: a platform that need manual modelling, or
adjusting from 2 floors building module.

parametric
modelling

set control points/lines
[
choose typology
|

select/input parameters

manual

adjustment

adjust relative positions

v
manually model un-
defined volumes

]

Fig. 5 | The workflow of 3D reconstruction of Song Dynasty painting engaging student participants. The workflow includes identification, parametric modelling, and
manual adjustment.

* The typologies of “Xie Wu”, “Bo Shui” and “Lang” typologies have been more diverse form, structural, and spatial parameters are represented

preliminarily researched and documented in this study. If more
modules of architectural single volume algorithms and massing
typologies algorithms are added to the existing algorithm, more ele-
ments from paintings can be automatically generated and reducing
time. Future studies can explore other typologies and add to this
database.

This study only focuses on specific parameters in the scale of archi-
tectural massing typology, but not all parameters of Song Dynasty
architecture. More basic and correlative parameters can be explored
following the same workflow of extracting, translating, and parametric
modelling, to provide more detailed models (e.g. spatial partitions
inside the volumes, chronological changes of the characteristics within
different periods of Song Dynasty, integrating with Song Dynasty
courtyard layout and urban planning principles, etc.). It is also found

in different paintings, especially regarding volume conjunction point.
Future optimisation of algorithms is expected.

Currently, there is still a gap in heritage documentation, integrating
both parametric and reality-based modelling”. To better empower
research and 3D reconstruction of real sites, the algorithms in this study
are welcome to be tested and optimised through implementation in
Song Dynasty (and can be extended to Sui and Yuan Dynasty)
archaeological sites. As the 3D reconstruction of 2D paintings also
required more time to predict the volume relationships and enhance
similarity with the paintings, 3D reconstruction conducted based on
textual or archaeological evidence might take less time since they can
tolerate relatively higher levels of speculation and have a clearer
information of relative positions of different building volumes. Other
challenges may occur related to specific types of reconstruction basis,
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Table 6 | 3D reconstructing Song Dynasty paintings.

Painting Original painting 3D reconstruction result

The source of digital scans of historical paintings: 1 - Images collected independently by Tsinghua University; 2-7: downloaded from the “Zhonghua Zhenbao Guan” (F4£¥ £ 1E) platform.
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Table 7 | Time spent by each 3D reconstruction case

Painting Participant Architectural volume number Total time (min) Average time per volume (min)
Total Parametric Manual Parametric Manual

1 A 29 15 B 10 0.2 0.3

2 B 8 90 45 45 5.6 5.6

3 B 17 195 180 15 10.6 0.9

4 C 10 480 360 120 36.0 12.0

5 C 1 180 120 70 10.9 6.4

6 C 8 60 60 95 7.5 11.9

7 D 13 105 70 35 5.4 2.7
Average 13.7 160.7 120.0 55.7 10.9 5.7

Time of parametric modelling: includes the time identifying the typologies, selecting modules and parameters, and setting the parameters.
Time of manual adjustment: includes the time spent iterating for the best relative positions, modelling the surrounding environment, and modelling from scratch the volumes without corresponding

parametric algorithms.

Architectural volume number: includes massing typology volumes, building volumes without corresponding parametric algorithms, and surrounding environment blocks.

Table 8 | Challenges in the 3D reconstruction process mentioned by each participant

Painting Name of the painting

Participant Academic background

Challenges in the 3D reconstruction process
mentioned by the participant

1 the western wall murals of A Bachelor student in architecture design with basic * |t took more time to model the building volumes
Yanshan Temple in Fanzhi, knowledge of Rhino and Grasshopper modelling, and without corresponding algorithms.
Shanxi (1L 78 %I & 1L F P Chinese architecture theory » Much more efficient when there’s already a 3D
BEREE) reconstruction proposal conducted by previous
scholars.
2 Autumn Scenery of Rivers B Bachelor student in architecture design with basic ¢ |t was quite easy for just choosing within the given
and Mountains (7L 1L &) knowledge of Rhino and Grasshopper modelling, and ~ parameters, while more time was spent on the iteration
3 Delicate Residence at Chinese architecture theory process of setting the control points/lines for each
Songdeng (H\BIEF B) volume, adjusting relative positions, changing input
parameters, in order to get closer to the original painting
scenes.
e |t is difficult to automatically fit the topographical
setting shown in the paintings, which requires long-
time manual adjustment.
4 Incense Burning Ceremony  C Master student in history with interest in Chinese * Unable to model those building volumes without
RERERE) traditional architecture, and with limited knowledge in corresponding algorithms.
5 Palace banquet (£ T58) Grasshopper modelling and no experience in Rhino ¢ The undefined conjunction point modelling varied

Pictures of Auspicious
Omens (P43 RiE)

modelling without Grasshopper

from different paintings, which the current algorithm is
insufficient to address these characteristics and is
dependent on manual adjustment.

¢ The algorithms perform better in 3D reconstruction
from textual and archaeological information, allowing
more comparisons of parameter combinations.

7 Eighteen Songs of a Nomad D
Flut (S %+ /\11)

Master student in architectural history and theory, with
basic knowledge of Rhino and Grasshopper modelling

® The most challenging part lies in the comparison of
different 3D reconstruction versions.

e Especially time-consuming to define the relative sizes
of connected volumes, choosing between different Cai,
and different values of widths and depth.

for example, developing automatic modelling processes linking real-
site data with theoretical principles, e.g. smart point clouds®.

It is also needed to discuss validation tools for ensuring the authenticity
of output forms, which is to clarify the relationship between the output
model and its evidence source, therefore enhancing articulation®.
More advanced technologies can be used in chronological and
appraisal assessment””’. On one hand, since manual identification of
architectural massing typologies is still a timely step in the current
workflow, it is still needed to organise collaboration between profes-
sionals of art history and architectural conservation, to facilitate multi-
disciplinary knowledge exchange and its implementation in real
practice. On the other hand, artificial intelligence, e.g. machine

learning’®”, can be introduced to all steps of research, documentation,

conservation and interpretation, such as massing typology identifica-
tion, principles extraction, automatic documentation, and volume-
intersection adjustment.

* This easy-input and real-time interface of Grasshopper also sheds light
on other implementation directions, such as interactive heritage
education”, serious game scene design’>"*, cultural dissemination’,
etc, which expect future exploration.

In conclusion, this study bridges the gap between iconography of art
history and architectural conservation in current practices, and has the
potential to be implemented in real archaeological research, efficient 3D
reconstruction and scenarios comparison. We provide a tool for heritage
professionals to research, 3D reconstruct and interpret Song Dynasty
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a)

Designs

Designs

Designs

8

-

Fig. 6 | Interactive design through Biomorpher. This figure shows the multi-
generation evolution using Biomorpher to compare random generated scenarios
and select based on preference to approach the ideal solution. a Zero generation;

b First generation of evolution - multiple scenarios comparison; ¢ After multi-
generation evolution - close to the ideal solution.

architectural massing typologies. This interdisciplinary tool not only enri-
ches our understanding of Song Dynasty architecture, but also sheds light on
future innovations in architectural conservation, education, and
dissemination.

Data availability
The datasets used and analysed in the current study are available from the
corresponding authors upon reasonable request.

npj Heritage Science| (2025)13:300

14


www.nature.com/npjheritagesci

https://doi.org/10.1038/s40494-025-01851-3

Article

Received: 14 October 2024; Accepted: 1 June 2025;
Published online: 26 June 2025

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Demetrescu, E., Ferdani, D., Dell’Unto, N., Leander Touati, A.-M. &
Lindgren, S. Reconstructing the original Splendour of the House of
Caecilius lucundus : a complete methodology for virtual archaeology
aimed at digital exhibition. SCIRES it 6, 51-66 (2016).

Huo, P. et al. A method for 3D reconstruction of the Ming and Qing
official-style roof using a decorative components template library.
ISPRS Int. J. Geo Inf. 9, 570 (2020).

Apollonio, F. 1., Fallavollita, F., Giovannini, E. C., Foschi, R. & Corso, S.
The reconstruction of drawn architecture. Stud. Digital Herit. 1,
380-395 (2017).

Baviera, E., Llopis, J. & Cabodevilla-Artieda, |. Modeling singular
neoclassical spaces in a procedural way. Disegnarecon 16, 30 (2023).
Zhou, W. et al. The extraction of roof feature lines of traditional
Chinese village buildings based on UAV dense matching point clouds.
Buildings 14, 1180 (2024).

Farella, E. M., Ozdemir, E. & Remondino, F. 4D building
reconstruction with machine learning and historical maps. Appl!. Sci.
11, 1445 (2021).

Kormann, M., Katsonopoulou, D., Katsarou, S. & Lock, G. Methods for
developing 3D visualizations of archaeological data: a case study of
the early bronze age Helike Corridor House. STAR Sci. Technol.
Archaeological Res. 3, 478-489 (2017).

Gatta, G. & Bitelli, G. A historical GIS for the comparison of past and
present views: Bologna, yesterday and today. e-Perimetron 12,
102-108 (2017).

Bobou, O., Kristensen, N. B., McAvoy, S. & Raja, R. Archive
archaeology in palmyra, Syria a new 3D reconstruction of the tomb of
Hairan. Digital Appl. Archaeol. Cultural Herit. 19, 00164 (2020).
Eilouti, B. H. & Hamamieh Al Shaar, M. J. Shape grammars of traditional
damascene houses. Int. J. Architectural Herit. 6, 415435 (2012).
Fiorini, G., Friso, |. & Balletti, C. A geomatic approach to the
preservation and 3D communication of urban cultural heritage for the
history of the city: the Journey of Napoleon in Venice. Remote Sens.
14, 3242 (2022).

Bitelli, G., Bartolini, F. & Gatta, G. Hgis and archive researches: a tool
for the study of the ancient mill channel of Cesena (ltaly). ISPRS Int.
Arch. Photogramm. Remote Sens. Spat. Inf. Sci. XLI-B5, 183-189
(2016).

Bereczki, Z. Construction of a Gothic Church tower: a 3D visualisation
based on drawn sources and contemporary artefacts. Heritage 7,
1074-1122 (2024).

Lourakis, M., Alongi, P., Delouis, D., Lippi, F. & Spadoni, F. Recover:
photorealistic 3D reconstruction of perspective paintings and
pictures. In EVA 2007 London conference. (eds. Bowen, J.P., Keene,
S. &MacDonald, L.) 33.31-33.11 (London College of Communication,
2007).

Mailleur, S. & Saleri, R. Imagining Roman port cities: from
iconographic evidence to 3D reconstruction. In Beyond digital
representation: advanced experiences in AR and Al for cultural
heritage and innovative design (eds. Giordano, A., Russo, M. &
Spallone, R.) 279-290 (Springer, 2023).

Quattrini, R. & Baleani, E. Theoretical background and historical
analysis for 3D reconstruction model. Villa Thiene at Cicogna. J.
Cultural Heritage 16, 119-125 (2015).

Chen, Y. & Del Blanco Garcia, F. L. Constructive analysis and digital
3D reconstruction of the Yuanmingyuan Ruins: Wanfanganhe Pavilion
(China). Virtual Archaeol. Rev. 13, 1-16 (2022).

Tamborrino, R. & Rinaudo, F. Sharing knowledge, grasping Cultural
Heritage: a digital multidisciplinary approach to the historical process
of architecture and urban changes. In Proceedings of the 13th forum
Internazionale di studi: Heritage and technology mind knowledge

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

experience: Le vie dei mercanti. (ed. Argenziano, P. & Gambardella, C.)
1261-1270 (PublisherLa scuola di Pitagora, 2015).

Varinlioglu, G., Ipek, Y., Balaban, O. & Alacam, S. Parametric modeling
of archaeological heritage in the age of digital reconstruction. Blucher
Des. Proc. 1, 8 (2014).

Liu, Z. & Buranaut, |. The visualization patterns of uniformly formatted
parametric designs on lotus pattern. J. Multidiscip. Humanit. Soc. Sci.
7,3 (2024).

Refalian, G., Coloma, E. & Moya, J. N. A morphological study of
fivefold Islamic geometric patterns using formal grammar for
computer-aided design applications. Int. J. Architectural Comput. 22,
295-322 (2023).

Agirbas, A. Algorithmic decomposition of geometric islamic patterns:
a case study with star polygon design in the tombstones of Ahlat.
Nexus Netw. J. 22, 113-137 (2018).

Hu, L., Lv, J. & Ding, N. Research on national pattern reuse design and
optimization method based on improved shape grammar. Int. J.
Computational Intell. Syst. 13, 300-309 (2020).

Altun, S. & Ozkar, M. Parametric modeling and fabrication as capturing
knowledge: a design computation workflow for historical brick surfaces
in Anatolia. Digital Appl. Archaeol. Cultural Herit. 32, 00312 (2024).
Hussein, K. A. & Ismaeel, E. H. Regenerating traditional houses
facades of old Mosul city by Shape Grammar. A/Z. ITU J. Fac.
Architecture 18, 461-476 (2021).

Murphy, M. et al. Shape grammar libraries of European classical
architectural elements for historic bim. The International Archives of
the Photogrammetry, Remote Sensing and Spatial Information
Sciences, 479-486 https://doi.org/10.5194/isprs-archives-XLVI-M-
1-2021-479-2021 (2021).

Lo Turco, M., Bono, J. & Tomalini, A. Parameters, modeling and taxonomy
for an HBIM baroque facade. Nexus Netw. J. 26, 609-630 (2024).
Costantino, D., Pepe, M. & Restuccia, A. G. Scan-to-HBIM for
conservation and preservation of Cultural Heritage building: the case
study of San Nicola in Montedoro church (ltaly). Appl. Geomat. 15,
607-621 (2021).

Costantino, D., Grimaldi, A. & Pepe, M. 3d modelling of buldings and
urban areas using Grasshopper and Rhinocersos. Geographia Tech.
17, 167-176 (2022).

Aftab, |., Kapitany, K. & Lovas, T. Automating scan to BIM operations
using Grasshopper. Periodica Polytechnica Civ. Eng. 67, 1187-1192
(2023).

Liberotti, R. & Gusella, V. Parametric modeling and heritage: a design
process sustainable for restoration. Sustainability 15, 1371 (2023).
Vaienti, B., Apollonio, F. I. & Gaiani, M. Analysis of Leonardo da Vinci's
architecture through parametric modeling: a method for the digital
reconstruction of the centrally planned churches depicted in Ms. B.
Heritage 3, 1124-1147 (2020).

Munster, S. et al. Scholarly method. In Handbook of digital 3D
reconstruction of historical architecture. (ed C. Baillie) 41-64
(Springer, 2023).

Xu, B. Introduction to appraisal of ancient calligraphy and painting (in
Chinese) (Cultural Relies Press, 1981).

London Charter Initiative. The London Charter for the computer-
based visualisation of cultural heritage (Version 2.1). https://
londoncharter.org/ (2009).

Sbrogio, L. Parametric approach to the reconstruction of timber
structures in Campanian Roman houses. Virtual Archaeol. Rev. 13,
45-61 (2022).

Wang, Y., Arif, M. F. M., Yang, Z. & Zhao, S. Exploring the
development, themes, and contemporary perspectives of Chinese
architectural painting. Heranga 7, 188-201 (2024).

Fu, X. Collection of calligraphy and painting appraisal by Fu Xinian (in
Chinese) (Henan Arts Press, 1998).

Liu, D. History of ancient Chinese architecture (in Chinese) (China
Architecture & Building Press, 1980).

npj Heritage Science | (2025)13:300

15


https://doi.org/10.5194/isprs-archives-XLVI-M-1-2021-479-2021
https://doi.org/10.5194/isprs-archives-XLVI-M-1-2021-479-2021
https://doi.org/10.5194/isprs-archives-XLVI-M-1-2021-479-2021
https://londoncharter.org/
https://londoncharter.org/
https://londoncharter.org/
www.nature.com/npjheritagesci

https://doi.org/10.1038/s40494-025-01851-3

Article

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Liang, S. Annotation of Yingzao Fashi (in Chinese) (SDX Joint
Publishing Company, 2013).

Pan, G. & He, J. Interpretation of Yingzao Fashi (in Chinese) (Southeast
University Press, 2017).

Fu, X. History of ancient Chinese architecture: architecture of the Jin
Dynasty, Northern and Southern Dynasties, Sui and Tang Dynasties,
and Five Dynasties (in Chinese) (China Architecture & Building Press,
2001).

Guo, D. History of ancient Chinese architecture: architecture of the
Song Dynasty, Liao Dynasty, Jin Dynasty, and Western Xia Dynasty (in
Chinese) (China Architecture & Building Press, 2003).

Zhou, Y. & LI, L. A preliminary study on Xiewu: an architectural
massing typology in Song dynasty (in Chinese). J. Architectural Hist.
5, 136-152 (2024).

Yang, W. The shaping of cityscape and imagination: Song Dynasty
urban pavilions along the streets. J. Asian Architecture Build. Eng.,
1-16, https://doi.org/10.1080/13467581.2024.2421239 (2024).

Guo, M. & Shen, Y. Interpretation of appropriate places: state
ceremonies and the imperial main halls of the Tang and Song
dynasties. Front. Architectural Res. 11, 1007-1029 (2022).

Ding, D., Yu, X. & Wang, Z. The evolution of the living environment in
Suzhou in the Ming and Qing dynasties based on historical paintings.
J. Comput. Cultural Herit. 14, 1-14 (2021).

Li, A. A shape grammar for teaching the architectural style of the
Yingzao fashi. Doctor thesis (Massachusetts Institute of Technology,
2001).

Wang, X. Generating one kind of the palace style structural carpentry
system based on algorithmic language (in Chinese). Master Thesis
(Hebei University of Engineering, 2017).

Liu, J. & Wu, Z.-K. Rule-based generation of ancient Chinese
architecture from the song dynasty. J. Comput. Cult. Herit. 9, 7 (2016).
Hou, F., Qi, Y. & Qin, H. Drawing-based procedural modeling of
Chinese architectures. IEEE Trans. Vis. Comput. Graph. 18, 30-42
(2011).

Ziyi, Z., Yiquan, Z., Zhou, L., Daode, D. & Zexu, W. A data-driven
approach to the design of suspended timber frames (in Chinese). In:
Digit & Intelligence Empowerment: Proceedings of 2022 National
Conference on Architecture’s Digital Technologies in Education and
Research. 245-250 (National Higher School Teaching Guidance
Committee for Architecture, Teaching Guidance Sub-committee for
Architecture, Teaching Committee for Digital Technology in
Architecture, 2022).

Wang, Y., Agkathidis, A. & Crompton, A. Parametrising historical
Chinese courtyard-dwellings: an algorithmic design framework for the
digital representation of Siheyuan iterations based on traditional
design principles. Front. Architectural Res. 9, 751-773 (2020).
Wang, Y., Crompton, A. & Agkathidis, A. The Hutong neighbourhood
grammar: A procedural modelling approach to unravel the rationale of
historical Beijing urban structure. Front. Architectural Res. 12,
458-476 (2023).

Wang, X., Wu, C., Lu, Y. & Tian, M. The synergy of metadata and
metamodel through algorithm modeling—case study of the roof tiles
in Yangxindian Palace (Beijing, China). Appl. Sci. 12, 7031 (2022).
Zhang, K., Zhang, N., Quan, F., Li, Y. & Wang, S. Digital form
generation of heritages in historical district based on plan typology
and shape grammar: case study on Kulangsu Islet. Buildings 13, 229
(2023).

Chinese Ancient Calligraphy and Painting Appraisal Group. Catalogue
of ancient chinese calligraphy and painting (10 Volumes) (in Chinese).
(Cultural Relies Press, 1984-1993).

Cahill, J. An index of early Chinese painters and painting (University of
California Press, 1980).

Wang, X., Wu, C., Que, R. & Bai, C. Algorithm modeling of ancient
architecture for heritage documentation. Int. Arch. Photogramm.
Remote Sens. Spat. Inf. Sci. XLII-2/W15, 1209-1213 (2019).

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Yang, J., Wang, X., Wu, C. & Bai, C. Regularized reconstruction of grid
system for traditional Chinese timber structure building in Hbim. Int.
Arch. Photogramm. Remote Sens. Spat. Inf. Sci. XLII-2/W15,
1229-1233 (2019).

Mutaz, T., Khalid, Z. & Kamoona, H. H. A. The revival of the historic
Islamic geometric pattern on the gate of the Al-Sharabeya School in
Wasit City using the Grasshopper program. Periodicals Eng. Nat. Sci.
9, 389-399 (2021).

Steinhardt, N. S. Chinese architectural history in the twenty-first
century. J. Soc. Architectural Historians 73, 38-60 (2014).

Chen, M. Research of the carpentry work in Yingzao Fashi (in Chinese).
(Cultural Relics Press, 1981).

Ozkan, T., Lavric, |., Hochreiner, G. & Pfeifer, N. Automated 3D
modeling vs. manual methods: a comparative study on historic timber
tower structure assessment. Remote Sens. 17, 448 (2025).
Radanovic, M., Khoshelham, K. & Fraser, C. Geometric accuracy and
semantic richness in heritage BIM: a review. Digital Appl. Archaeol.
Cultural Herit. 19, e00166 (2020).

Battini, C. et al. Automatic generation of synthetic heritage point
clouds: Analysis and segmentation based on shape grammar for
historical vaults. J. Cultural Heritage 66, 37-47 (2024).

Xia, R., Genovese, P. V., Li, Z. & Zhao, Y. Analyzing spatiotemporal
features of Suzhou’s old canal city: an optimized composite space
syntax model based on multifaceted historical-modern data. Herit.
Sci. 12, 391 (2024).

Li, W. et al. Artistic heritage conservation: the relevance and cultural
value of Guangzhou clan building paintings to traditional rituals from a
kinship perspective through perceptual assessment and data mining.
Herit. Sci. 12, 216 (2024).

Liong, S.T. etal. Automatic traditional Chinese painting classification:
abenchmarking analysis. Computational Intell. 36, 1183-1199 (2020).
Xu, S., Zhang, J. &Li, Y. Knowledge-driven and diffusion model-based
methods for generating historical building facades: a case study of
traditional minnan residences in China. Information 15, 344 (2024).
Hou, F., Qin, H. & Qi, Y. Procedure-based component and architecture
modeling from a single image. Vis. Comput. 32, 151-166 (2015).
Mortara, M. et al. Learning cultural heritage by serious games. J
Cultural Heritage 15, 318-325 (2014).

Anderson, E. F. et al. Developing serious games for cultural heritage: a
state-of-the-art review. Virtual Reality 14, 255-275 (2010).

Ferdani, D., Fanini, B., Piccioli, M. C., Carboni, F. & Vigliarolo, P. 3D
reconstruction and validation of historical background for immersive
VR applications and games: the case study of the Forum of Augustus
in Rome. J. Cultural Heritage 43, 129-143 (2020).

Bercigli, M. Dissemination strategies for cultural heritage: the case of the
tomb of Zechariah in Jerusalem, Israel. Heritage 2, 306-314 (2019).
Wu, P.-L. & Chen, S.-Y. Innovation in optimization of virtual space
experience using interactive engine and device—example of a song
dynasty landscape painting. Sens. Mater. 32, 3419-3428 (2020).

Xu, T. The restoration study of map of emperor Ming’s summer palace
(in Chinese). Master thesis (Tsinghua University, 2016).

Acknowledgements

This study is developed from the fifth chapter of the first author’s master
thesis at the School of Architecture, Tsinghua University. It is also a
collaborative output of the bachelor’s graduation design course of
“Parametric Research about Song Dynasty Massing Typologies” at
Tsinghua University during the academic year of 2022/2023. We express our
thanks to the architecture students participating in this research. They are
Shaohua Zhang, Xiao Dong, Xi He, and Yang Shu. This research is funded by
2 grants: 1) Research on the Chronology of Architectural Historical
Documentations of the Two Song Dynasties (2020-2024, No. 19ZDA199),
sub-project “Research on the Chronology of Architectural Historical Ima-
ges”. 2) Research and Annotation of the “Yingzao Fashi” (2018-2022, No.
17ZDA185).

npj Heritage Science | (2025)13:300

16


https://doi.org/10.1080/13467581.2024.2421239
https://doi.org/10.1080/13467581.2024.2421239
www.nature.com/npjheritagesci

https://doi.org/10.1038/s40494-025-01851-3

Article

Author contributions

Yan Zhou conceived the research idea, collected the data, completed the
modelling and data analysis, completed the data visualisation, and wrote the
manuscript. Morun Zhang helped with the modelling and data visualisation.
Luke Li* helped with the development of the research idea and supervision.
Weixin Huang helped with the supervision.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to
Luke Li.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, 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 licence, and indicate if you modified the licensed material. You
do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material
is notincluded in the article’s Creative Commons licence 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. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-
nc-nd/4.0/.

© The Author(s) 2025

npj Heritage Science| (2025)13:300

17


http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nature.com/npjheritagesci

	Parametric 3D reconstructing and interpreting iconographic evidence: case of the Song Dynasty architectural massing typologies
	Methods
	The selection of multi-source Song Dynasty images based on chronological and appraisal assessment
	Massing principles extraction and translation using Rhino-Grasshopper modelling
	Main building volume modelling
	&#x0201C;Xie Wu&#x0201D; parametric modelling
	&#x0201C;Bo Shui&#x0201D; parametric modelling
	&#x0201C;Lang&#x0201D; parametric modelling
	Validation and application of the massing principles

	Results
	Parametric modelling outputs
	Validation and effectiveness assessment
	Scenarios comparison using Biomorpher

	Discussion
	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




