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Project

- Comparison of the 3D accuracies of terrestrial laser 

scanning versus digital photogrammetry

- For cultural heritage purposes

- Line-of-sight distances < 15 m

- Total station measurements (test set of 100 points) are 

considered as “truth”    

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment
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Project

- Sint-Baafs Abbey (Ghent, Belgium)
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St-Baafs abbey (laserscancloud)

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment
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2008-2009: Pulse laser scanner (Leica scanstation 2)

- Scanning resolution of max. 4 cm 

- Laser scanning did not meet 

photogrammetric accuracies

2010-2011: Phase laser scanner (Leica HDS 6100)

- Different type of laser scanner

- High lateral scanning resolution (< 5 mm)
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� Leica ScanStation 2

Time-of-Flight

Pulse-Based

Up to 50 000 pts/sec

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

Alain.DeWulf@UGent.be

Timothy.Nuttens@UGent.be3D-Registratie en –

Visualisatie Laserscanning / 

8

MeetinstrumentenLeica ScanStation 2
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� Leica HDS6100

Phase-Based

Up to 500 000 pts/sec

November 17th 2009

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment
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Terrestrial laser scanning



FIG Working Week 2011

Bridging the Gap between Cultures

Marrakech, Morocco, 18‐22 May 2011 6

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

Alain.DeWulf@UGent.be

Timothy.Nuttens@UGent.be

Terrestrial laser scanning

Terrestrial laser scanning and digital photogrammetry 
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Terrestrial laser scanning

- Phase-based Leica HDS6100

- Average lateral resolution of 0.5 cm

- Intensity value of reflection laser beam

- No RGB color information

- 8 circular targets on tripods
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Terrestrial laser scanning

Terrestrial laser scanning and digital photogrammetry 
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Terrestrial laser scanning

- Multiple (ca. 30 ) scanning positions

- Target-based registration

- Georeferencing in Lambert72 (conical projection 

with Hayford ellipsoid) based on  total station / 

GNSS measurements
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Terrestrial laser scanning

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment
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Digital photogrammetry

- Camera:

Canon Eos 1Ds (11 Mp) full frame DSLR 

-with 24 mm lens (grand angular) 

-approx. scale of 1/500 

-pixel size approx. 3-5 mm

- Minimum 80% overlap 
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Digital photogrammetry

- Photogrammetric processing of the stereo couples using 

Virtuoso software

-Relative orientation:

- 100 – 150 homological points per couple

- Maximum error: ca.  1/5 of a pixel (ca. 1mm)

-Absolute orientation: 

- based on total station /  GNSS measurements in Belgian 

Lambert72 conical projection

- Maximum RMS error: 1 cm (X, Y and Z)

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

Alain.DeWulf@UGent.be

Timothy.Nuttens@UGent.be

Digital photogrammetry
Photogrammetric products:  DEM and Orthorectified images
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Total station

- Georeferencing laser scanning

- Absolute orientation 

photogrammetry

- Independent test set of 100 points

- ‘Ground truth’ for comparison

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

D
e

p
a

rt
m

e
n

t 
o

f 
G

e
o

g
ra

p
h

y

3
D

 D
A

TA
 A

C
Q

U
IS

IT
IO

N

Alain.DeWulf@UGent.be

Timothy.Nuttens@UGent.be

Comparison – Results

- Differences between X-, Y- and Z-

coordinates of test set (cm) for

- Photogrammetry vs. total station

- Laser scanning vs. total station

- Photogrammetry vs. laser scanning
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Systematic errors

- Photogr. vs. total station => 1.9 cm (3D)

- Laser scanning vs. total station => 1.1 cm (3D)

- Altimetric error photogrammetry ca. 5 times higher 

than the altimetric error of laser scanning

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment
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Random errors

- Photogr. vs. total station => 5.0 cm (3D)

- Laser scanning vs. total station => 2.6 cm (3D)

- Altimetric error photogrammetry 2 times higher 

than the altimetric error of laser scanning
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Conclusions

- Higher systematic and random error for 

photogrammetry (error in Z of photogrammetry 

even 2-5  times higher than laser scanning).

- In this cultural heritage test case with lines of sight 

of 5 -15 m: Lateral scanning resolution of 0.5 cm 

enables to surpass the accuracy of digital 

photogrammetry with the same resolution.

Terrestrial laser scanning and digital photogrammetry 

for cultural heritage: an accuracy assessment
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Thank you for your attention

Questions ?
Contact & Information: 

alain.dewulf@ugent.be

Timothy.Nuttens@UGent.be

Ghent University, Department of Geography, 

Ghent (Belgium)

3D Data Acquisition Cluster


