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d i g i t a l t w i n w h e n t h e r e i s n o e x c h a n g e o f d a t a b e t w e e n t h e p h y s i c a l o b j e c t a n d t h e d i g i t a l c o u n t e r p a r t . T h e
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H i s t o r i c a l  F u n c t i o n a l  
a n d  O p e ra t i o n a l  D a ta

I o T  S e n s o rs

T w o  t y p e s  o f  d a t a :  
F r o m  t h e  p a s t a n d  p r e s e n t

f l o w i n g  t o g e t h e r  i n t o  t h e  d i g i t a l  
t w i n  a n d  m e r g i n g  i n t o  o n e  m o d e l  

m a k i n g  i t  a  
c o n f l u e n t  d i g i t a l  t w i n  

I N P U T :  
I m a g e s  

F u n c t i o n a l  a n d  
o p e r a t i o n a l  d a t a  

ECHO DTAIM
T h e  a i m  o f  t h i s  s t u d y  i s  t o  d e v e l o p  a  v e r s a t i l e  

c o n c e p t u a l  f r a m e w o r k  f o r  t h e  c r e a t i o n  o f  v i r t u a l  

r e p r e s e n t a t i o n s  o f  h e r i t a g e  b u i l d i n g s  t h a t  e n c o m p a s s e s  

m u l t i p l e  a p p r o a c h e s .  T h e  f r a m e w o r k  w i l l  e n a b l e  t h e  

g e n e r a t i o n  o f  a n  e x t e n s i v e  g e o m e t r i c  d i g i t a l  

r e p r e s e n t a t i o n  ( d i g i t a l  s h a d o w )  o f  a  b u i l d i n g  u s i n g  A I  

i n c o r p o r a t i n g  i n t a n g i b l e  d a t a  s o u r c e s ,  s u c h  a s  o r a l  

h i s t o r i e s ,  a l o n g s i d e  t a n g i b l e  d a t a .  A d d i t i o n a l l y,  i t  

f a c i l i t a t e s  t h e  i n c o r p o r a t i o n  o f  h i s t o r i c  o p e r a t i o n a l  a n d  

f u n c t i o n a l  d a t a  t o  c r e a t e  a n  E c h o  d i g i t a l  t w i n ,  a n d  t h e  

g e n e r a t i o n  o f  a  c o n f l u e n t  d i g i t a l  t w i n  t h a t  c o m b i n e s  

h i s t o r i c  a n d  s e n s o r  d a t a .

METHODOLOGY 

Digital SHADOW
This research uses AI based image

generat ion to convert descr ipt ions of lost

arch i tectura l her i tage asset features into

arch i tectura l vernacular with in a BIM

env ironment . I t a l so incorporates

h istor ica l bu i ld ing data f rom prev ious

occupants into a dig i ta l tw in plat form,

revo lut ion is ing her i tage management .

By combin ing IoT sensor data f rom the

her i tage bui ld ing with the histor ica l

operat iona l and funct iona l data , th is

d ig i ta l tw in plat form effect ive ly integrates

informat ion from both past and present

sources , resu l t ing in what is known as a

Conf luent Dig i ta l Twin .

Mak ing use of memor ies f rom

stakeholders re lated to the her i tage asset ,

captur ing and inc lus ion of h istor ic

bui ld ing funct ion and operat iona l data

with in the dig i ta l shadow turn ing i t into

an Echo based Dig i ta l Twin .

Step1

• P r o b l e m  i d e n t i f i c a t i o n  a n d  m o t i v a t i o n  
• O b j e c t i v e  1 :  T o  a n a l y s e  p r e v a i l i n g  r e s e a r c h  a n d  p r a c t i c e  i n  t h e  f i e l d  

o f  A H  a n d  s p e c i f i c a l l y  H B I M

Step 2 

• D e f i n e  t h e  o b j e c t i v e s  f o r  a  s o l u t i o n
• O b j e c t i v e  2 :  T o  i n v e s t i g a t e  b u i l t  e n v i r o n m e n t  a p p l i c a t i o n s  o f  t h e  

d i g i t a l  t w i n

Step 3

• D e s i g n  a n d  d e v e l o p m e n t
• O b j e c t i v e  3 :  T o  d e v e l o p  a  f r a m e w o r k  f o r  t h e  i n t e g r a t i o n  o f  p h y s i c a l  

b a s e d  g e o m e t r y  i n  a n  c o n f l u e n t  d i g i t a l  t w i n  e n v i r o n m e n t  

Step 4

• D e m o n s t r a t i o n
• O b j e c t i v e  4 :  B a s e d  o n  a  c a s e  s t u d y  b u i l d i n g  t o  d e v e l o p  a  d i g i t a l  

w o r k f l o w  o f  t h e  c o n f l u e n t  d i g i t a l  t w i n

Step 5

• E v a l u a t i o n
• T h i s  w i l l  b e  a c h i e v e d  t h r o u g h  o b s e r v i n g  h o w  e f f e c t i v e  t h e  p r o p o s e d  

f r a m e w o r k  i s  i n  e v a l u a t i n g  t h e  r e s e a r c h  p r o b l e m .  

Step 6

• C o m m u n i c a t i o n
• T h e  d e v e l o p e d  a r t e f a c t s  t h r o u g h  t h i s  r e s e a r c h  w i l l  b e  c o m m u n i c a t e d  

t o  s t a k e h o l d e r s  t h r o u g h  p u b l i s h i n g  a  s c i e n t i f i c  r e s e a r c h  
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Dig i ta l Shadow steps :
a)The creat ion of a descr ipt ive onto log ica l
based too lset to support the
transferr ing of p la in language
descr ipt ion into arch i tectura l vernacular.

b) Implement ing an AI based image
generat ion too lk i t for the creat ion of
v isua l references to spec i f i c e lements of
the tang ib le cu l tura l her i tage asset .

c ) The use of (NeRFs) technology to
convert the images into HBIM model .


