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‘What are the influencing factors in the use and selection 

of LIDAR and Digital Fabrication for the patching of 

ornamental heritage?’

Research Question









Case Study 2:

Great Synagogue of

Timisoara (Ceramic Tile)

Fused Deposition Modeling (FDM) - PLA material

(Low quality but cheap)

(Comparatively expensive but accurate)

(Most expensive but colored and accurate)

Selective Laser Sintering (SLS) - Nylon 12

Pro-Jet - Powder Infiltrate

Scanned using photogrammetry



Traditional Patching 

Methods



Step 1

Identification : 

Concentrated Damage

Step 2

Relief cuts for removal

Step 3

Material chiseled out

The Dutchman Repair



Step 4

Steel rods with complementary 

grooves (2cm offset)

Step 5

Dry fitted and then bound with 

hydraulic lime or epoxy



Stone Ionic Capital (Canadian Atlantic Sandstone) Stone Fluted Column (Tradesman Group)

Fluted Column (Wooden) Stone Corner Repair (Treanor Architects)



Stone Pantographic Infills (Acropolis)

Stonemason’s Pantograph Stereo-pantograph (Acropolis) Various Steel Bars (Titanium)

Slots for Steel BarsGeometric Contrast (Offset and Color)Fitting of new pieces



In-situ Mortar Patching

Stone Balustrades (Plastic Surgeon Fine Finishers)



Comparison with Digital Fabrication

METHOD

LEVEL OF

INTERVENTION

(LOWER IS HIGHER)

ECONOMY

(LOWER IS MORE

EXPENSIVE)

TIME REQUIRED

(LOWER IS HIGHER)

LEARNING CURVE

(LOWER IS HIGHER)

DUTCHMAN REPAIR 1 2 2 2

PANTOGRAPHIC INFILL 3 1 1 1

MORTAR PATCHING 2 4 4 3

DIGITAL FABRICATION 3 3 3 2



Professional Opinions: Digital Fabrication

prof.ir. Rob van Hees

Professor of Heritage & Technology, 

Conservationist and Researcher

“…machine does not look at the quality of stone, it 

does not look at cracks for example, while a 

craftsman can…”

“…we use digital fabrication to make molds but 

have trouble finding the correct materials…”

…authorities prefer traditional materials and old 

technologies…

…there’s a risk that with increasing digital 

technologies restoration may become fake and 

artificial…

Hugo van Milt

Restoration Architect & Manager at 

Van Milt Restorers

“…traditional craftsman important for final 

touch…”

“…too perfect may become visible…”

…useful when only photographic evidence is left…

…limitation of variety of materials is holding digital 

fabrication back…





3D Scanning

(LIDAR)









Mesh Generation



- Freeware

- Highest level of control

- Least user friendly

- Higher learning curve

- No mesh editing tools

- Freeware

- High level of control but limited tweaking

- Third party plugins have to be used

- Relatively user friendly

- No mesh editing tools

- Proprietary

- Relatively high level of control

- Very user friendly

- Powerful mesh editing tools

MESHLAB CLOUDCOMPARE GEOMAGIC WRAP

Meshing Software



- Chosen meshing algorithm: Poisson Surface Reconstruction

- Primary Parameters

- Octree Depth

- Solver Divide

- Samples per Node

Meshing

- Competing parameters: Time – Detail – Processing Power  



- Chosen meshing algorithm: Poisson Surface Reconstruction

- Primary Parameters

- Octree Depth

- Solver Divide

- Samples per Node

- Determines resolution of 3D Grid

- Universal optimum value of 12

- Diminishing results 

Meshing

- Competing parameters: Time – Detail – Processing Power  



Meshing

- Higher values exclude anomalous data

- Values 1 – 5 optimum for low noise data

- Higher values reduce noise at the expense 

of detail.

- Chosen meshing algorithm: Poisson Surface Reconstruction

- Primary Parameters

- Octree Depth

- Solver Divide

- Samples per Node

- Competing parameters: Time – Detail – Processing Power  



Location: Department of Architecture, TU Delft

Date: Unknown

Focus: Regeneration of missing fragment

Function: Column (Possibly Mullion)

Conjecture:

- Acid test  produced effervescence, possibly limestone or calcite 

containing stone.

- Possibly Belgian Blue Limestone  (Dense)

- Possibly column with inserts for windows.

- Unbroken side shows more erosion than broken, could give insight 

into orientation of  element.

Candidate 1: Stone Column Segment





Linear Indentations

Signs of Faded Paint

Indentations on Torus

Minor missing 
fragments





1,528,925 Points Imported

Imported Geometry



Mesh Generation: Meshlab

Samples per node: 1 Samples per node: 4 Samples per node: 15 Samples per node: 20

- More meshing algorithms available

- Memory management issues limit Octree Depth to 12

- Samples per node above 15 causes changes on 

fracture surface

- Excess smoothing even between 10 - 15 range

- Frequent failure of meshing calculation



Mesh Generation: Geomagic Wrap

- Only one meshing algorithm ‘Wrap’

- Meshing causes holes in geometry

- Holes have to be patched manually

- Smoothing less than Meshlab but with more 

detail



Mesh Generation: CloudCompare

559, 794 Trianglesvs. Meshlab (same settings)

- Optimized for the use of higher Octree Depth.

- Some anomalous deformations but fixed later.

- Balance between noise and detail.

- Results may vary for different types of geometry.

- Final mesh exported from CC with settings:

- Octree Depth: 16, Samples per node: 8



Mesh Generation: Conclusion

- CloudCompare mesh was chosen due to the possibility of using higher Octree depth.

- CloudCompare is a compromise between lack of meshing alternatives in Geomagic Wrap and 

the user-unfriendliness of Meshlab.

- At the end, no significant differences between Meshlab and CloudCompare meshes.



Mesh Comparison with actual surface

- High frequency detail was lost

- Linear indentations were lost



Identification

Mirroring

Rotation

Alignment Boolean

Operation

Interpolation Principle



Expectation

Reality



Interpolation 

with



Mesh Manipulation: Interpolation

1. Alignment with local coordinate system 2. Cropping unnecessary geometry



3. Mirroring Geometry 4. Aligning geometry for Boolean

Mesh Manipulation: Interpolation



5. Subtractive Boolean Operation 6. Boolean Result



Mesh Manipulation: Cleaning

1. Mesh Doctor – Removal of non-manifold geometry 2. Selective removal of isolated geometry



3. Manual slicing and removal of extra geometry

Mesh Manipulation: Cleaning



Mesh Manipulation: Cleaning

- Further sculpting needed along the edges of the geometry.

- Some very sharp edges were softened to prevent problems

during the mold making process.



50% Triangles 25% Triangles 10% Triangles

Mesh Manipulation: Cleaning

- No decimation finally performed on mesh but that is dependent upon geometry.



Sculpting 

with

and

finishing 

with



Mesh Manipulation: Sculpting

- 15 day trial of Geomagic Freeform used for this exercise.

- Sculpting support requires conversion of mesh (vertices) to 

clay (voxels) and vice versa for export.

- Recommended: 

Geomagic Haptic Devices

- Used: 

Intuos 4 Graphics Tablet



- Hot wax tool for cleaning edges - Carve tool for cutting geometry



- Some anomalous geometry was flattened and smoothed out.



- Remeshing normalizes the triangles distribution.

- This should prevent problems during the manufacturing stage.

- Lower values of edge length retain detail.



Boolean Result Finished Mesh



Restoration Alternatives

- Signifies original form

- Creates contrast between 

old and new

- Can be distracting, taking 

away from the experience of 

the site

- Signifies undamaged form 

except for day to day wear

- Contrast can be created 

with materials

- More cohesive experience 

of space

- Both approaches disseminate information and recreate experience.

Generation of New Geometry Interpolation with Existing Geometry



Restoration Matrix



Manufacturing



1. Direct Multi-axis Milling of Stone

2. Silicone Molding

3. 3D Printing Concrete

Manufacturing: Preferential Workflows



1. Direct Multi-axis Milling of Stone

2. Silicone Molding

3. 3D Printing Concrete

Manufacturing: Preferential Workflows

Chosen Workflow:

- Accessibility of  technique

- Ability to vary material or color

- The mold can be reused to create a variety of prototypes

- Cement (colloquially called liquid stone) can emulate stone



Manufacturing: Investment Casting

1. Preferential if geometry requires closed mold |  2. Required specialized oven  |  3. Master for mold is wasted



Manufacturing: Silicone Molding (Chosen Workflow)

1. A release agent is 

applied to the polymer 

pattern surface, and the 

pattern is held fast to the 

surface using wet clay.

2. Three layers of mold 

making silicone are applied 

after intermittent intervals of 

20 minutes.

3. A split milled MDF mold 

is used to enclose the 

silicone covered pattern. A 

release agent is applied to 

the MDF before closing.



4. Silicone is poured into the newly 

created cavity, till it reaches at least 

2 cm above the end of the 3D 

printed pattern.

5. The silicone is left 

to cure for 24 hours 

and the mold is 

flipped.

6. The MDF mold is 

released and the polymer 

pattern is manually 

extracted from the silicone 

shell.



7. The mold is clamped 

again and a release 

agent is applied to the 

inner surface of the 

silicone shell. 

9. The cured cement 

positive is removed 

from the mold after 2-3 

days.

8. A cement mixture is poured 

into the silicone shell ( with 

gentle shaking to avoid 

bubbles) until it reaches the 

marked top surface. 



Prototyping



VisiJet PXL Gypsum Print Section Test

SLA Printing (Form 1+) failed prints

Prototyping: Surface tests and sectional printing

3-Part print for Form 1+ 3D Printer

(Build Volume: 125×125×165 mm)



1 2 3 4 5

6 7 8 9 10 11

The pattern was covered with a release agent and brushed with three layers of silicone, which was then reinforced with a split gypsum 

shell. 

The stiffness of the gypsum would break all casted material upon removal.

Mold and Material Testing



Mold and Material Testing II

i.tech Ultracem 52.5 premixed cement was used for testing the casting.



3D Print   |   Ultracem with lightening pigment and glass fibers   |   Just Ultracem

4

Bubbles would cause regular breakage.



(Build Volume: 125×125×165 mm)

3D Printed Reference Pattern



The 3D print adhered to the fracture surface without any adhesives.

Reference Pattern Results

White glue for temporary part 

adhesion.



Reinforcing MDF Mold



Final Manufacturing

Application of release agent 

(Vaseline)

Brushing of Silicone

Mold Max 30 Silicone

Part A is mixed with Part B to initiate 

curing process.

Two kinds of Part B were used:

Mold Max 30 (for pouring)

Mold Max Stroke (for brushing)



Progress after 1 Layer Progress after 2 Layers Third layer is textured to increase 

adhesion



Overflow cut off Held down with clay and release 

agent applied (clay only)

Release agent applied to the 

MDF mold reinforcement



Pattern was aligned with the 

reinforcement

Silicone was poured with 2 cm 

margin

Left to cure for 24 hours



The silicone was released from the reinforcement

Release agent applied to inside

The mold was cleaned and inspected

Clamps were reapplied



The setup was placed on a vibrating table and 

the casting material (cement or cement and 

aggregate) poured

The cast was released (small incision was needed) 

and finished with medium grit sandpaper



First cast (no aggregate and 

10 g white pigment)

Second cast (with aggregate 

and 20 g white pigment)



First cast Second cast



Cost comparison (estimate)



Binding and Reversibility

1. Thermally reversible epoxy (90°C) could be used but has 

limited availability.

2. Using steel or titanium binding rods would increase level of                                                                

intervention and defeat the purpose of the restoration.

3. Traditional mortar might work since the element is supported at 

the bottom.



Further Exploration

- Multiple prototypes with varying materials

- Restoration with Glass

- Casting suspended particles in binder



Candidate 2: Boerderij de Hamwoning





















1. Cost comparisons are not conclusive since the bulk of the costs consists of labor, however digital 

fabrication can diminish geographical constraints giving access to a larger labor pool.

2. The use of molding techniques can provide more opportunities for hybridization.

3. Digital Fabrication and Scanning Technologies have to be used in conjunction to be used for the 

purposes of patching.

4. The selection of the right software packages plays an important role in the effective manipulation of 

digital geometry (dependent upon the type of geometry).

5. The use of Digital Fabrication provides more opportunities for reversibility and therefore promotes 

lower levels of intervention for restoration.

Conclusions



Questions?


