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PLEASE NOTE

This PDF does not display the GIFs
used to explain the concept of
camera shutter (slides 48-66).

For the original *.pptx file with
all GIFs working, visit
https://zenodo.org/records/14894580.
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CAMERA SHUTTER

. prevents | allows light to pass
. variable:2s, 1/50s, 1/1000 s

. freeze movement - short shutter speed
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Nikon Z 71l GoPro HERO11 Black
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SHUTTER (READ-OUT) SPEED

GoPro HERO11 Black
Mechanical shutter Progressive electronic shutter

1/300s (25.9km/h) ~1/15s (1.3km/h) ~1/50s (1.0km/h)
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Mechanical shutter

2x Nikon Z7 1l + Nikon NIKKORZ 20 mm f/1.8 S



exposure mode
shutter speed
aperture

ISO

white balance

manual
/400 s
/4
400
clouady

CASE STUDY 1

2x Nikon Z7 1l + Nikon NIKKORZ 20 mm f/1.8 S

focusing
vibration reduct.
GSD

network

image format

off

off

2mm

51 photos
JPG
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L ‘ Agisoft Metashape 2.1.0 L ‘ Agisoft Metashape 2.1.0

StM 40k IPs [ 4k tie points
rolling-shutter-compens.

regularised RS compens.

StM 40k IPs [ 4k tie points

control 3 GCPs Helmert transform
MVS polymesh (depth maps)

full RS compensation
full RS com. + adaptive 10
control 3 GCPs Helmert transform
MVS polymesh (depth maps)
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RMS reproj. error 0.21 (0.8 pix) 0.42 (1.6 pix) 0.25 (1.0 pix) 0.18 (0.7 pix) 0.18 (0.7 pix)
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tie points 22.2 k 24.6 k 24.1 k 24.6 k

RMS reproj. error  0.21 (0.8 pix) 0.42 (1.6 pix) 0.25 (1.0 pix) _ 0.18 (0.7 pix)
max reproj. error  0.65 (59.6 pix)  1.29 (84.3 pix) 0.77 (64.3 pix) _ 0.56 (33.1 pix)
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2x Nikon Z7 1l + Nikon NIKKORZ 50 mm f/1.8 S
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2x Nikon Z7 1l + Nikon NIKKOR Z50 mm f/1.8 S



exposure mode
shutter speed
aperture

ISO

white balance

manual
/800 s
/4
250
clouady

CASE STUDY 2

2x Nikon Z7 1l + Nikon NIKKOR Z50 mm f/1.8 S

focusing
vibration reduct.
GSD

network

image format

off

off

1.3 mm
43 photos
JPG
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full RS com. + adaptive 10
control 3 GCPs Helmert transform
MVS polymesh (depth maps)

control 3 GCPs Helmert transform
MVS polymesh (depth maps)
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tie points 9.5k 10.0k 10.4 k 10.6 k

RMS reproj. error _ 0.85 (3.5 pix) 0.37 (1.7 pix) 0.28 (1.3 pix) 0.28 (1.3 pix)
max reproj. error _ 2.67 (96.6 pix) 1.14(77.2pix)  0.87 (55.7 pix) 0.88 (55.7 pix)
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Nikon Z7 1l + Nikon NIKKORZ 20 mm f/1.8 S GoPro HEROT11 Black
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Progressive electronic shutter

Nikon Z7 Il + Nikon NIKKORZ 20 mm f/1.8 S GoPro HEROT11 Black
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exposure mode A-priority
shutter speed 2 1/200s
aperture f/5.6
IS0 <200
white balance autfo

Mechanical shutter Progressive electronic shutter

focusing off
vibration reduct. off
GSD ~15mm
network 748 photos
image format JPG

Nikon Z7 Il + Nikon NIKKORZ 20 mm f/1.8 S GoPro HEROT11 Black



exposure mode
shutter speed
aperture

ISO

white balance

focusing
vibration reduct.
GSD

network

image format

Mechanical shutter

CASE STUDY 3

A-priority
21/200 s
/5.6
<200
auto

exposure mode
shutter speed

aperture
ISO
white balance

off focusing

off vibration reduct.
~L5mm GSD
148 photos : network

JPG image format

Nikon Z7 Il + Nikon NIKKORZ 20 mm f/1.8 S GoPro HEROT11 Black

Progressive electronic shutter

auto

2 1I/1000 s
725
400
auto

off

off

~L4 mm
132 photos
JPG




exposure mode
shutter speed
aperture

ISO

white balance

focusing
vibration reduct.
GSD

network

image format

Nikon Z7 Il + Nikon NIKKORZ 20 mm f/1.8 S

A-priority
21/200 s
/5.6
<200
auto

off

off
~L5mm
148 photos
JPG

CASE STUDY 3

exposure mode
shutter speed
aperture

ISO

white balance

Walking

focusing
vibration reduct.
GSD

network

image format

GoPro HEROT11 Black

auto

2 1I/1000 s
725
400
auto

off

off

~L4 mm
132 photos
JPG
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Standing still
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. I Agisoft Metashape 2.1.0 . I Agisoft Metashape 2.1.0

StM 40k IPs [ 4k tie points

StM incremental
control 3 GCPs Helmert transform 25k IPs [ 3k tie points

MVS polymesh (depth maps)

compens. [regularised [ full
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tie points 24.4 k
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tie points 24.4 k 28.0 k 41.7 k
RMS reproj. error 0.53 (5.0 pix) 0.48 (4.3 pix) 0.30 (2.5 pix)
max reproj. error  1.26 (114.2pix)  1.19(113.3pix)  0.98 (84.4 pix)

Tm/s (3.6 km/h)
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no RSC regularis. RSC full RSC
tie points 24.4 k 28.0 k 41.7 k
RMS reproj. error 0.53 (5.0 pix) 0.48 (4.3 pix) 0.30 (2.5 pix)

max reproj. error 1.26 (114.2 pix) 1.19 (113.3 pix) 0.98 (84.4 pix)
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no RSC regularis. RSC full RSC
tie points 24.4 k 28.0 k 41.7 k
RMS reproj. error 0.53 (5.0 pix) 0.48 (4.3 pix) 0.30 (2.5 pix)

max reproj. error 1.26 (114.2 pix) 1.19 (113.3 pix) 0.98 (84.4 pix)
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no RSC regularis. RSC full RSC
tie points 24.4 k 28.0 k 41.7 k
RMS reproj. error 0.53 (5.0 pix) 0.48 (4.3 pix) 0.30 (2.5 pix)

max reproj. error 1.26 (114.2 pix) 1.19 (113.3 pix) 0.98 (84.4 pix)

1/2000s
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no RSC regularis. RSC full RSC
tie points 24.4 k 28.0 k 41.7 k
RMS reproj. error 0.53 (5.0 pix) 0.48 (4.3 pix) 0.30 (2.5 pix)

max reproj. error 1.26 (114.2 pix) 1.19 (113.3 pix) 0.98 (84.4 pix)

1/2000s

1/50s @5m

.
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no RSC regularis. RSC full RSC
tie points 24.4 k 28.0 k 41.7 k
RMS reproj. error 0.53 (5.0 pix) 0.48 (4.3 pix) 0.30 (2.5 pix)

max reproj. error 1.26 (114.2 pix) 1.19 (113.3 pix) 0.98 (84.4 pix)
Tm/s (3.6 km/h)
‘ 1/2000s
1/50s » 10 pixels shift «
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no RSC regularis. RSC full RSC
tie points 24.4 k 28.0 k 41.7 k
RMS reproj. error 0.53 (5.0 pix) 0.48 (4.3 pix) 0.30 (2.5 pix)

max reproj. error 1.26 (114.2 pix) 1.19 (113.3 pix) 0.98 (84.4 pix)
Tm/s (3.6 km/h)
‘ 1/2000s
1/50s » 10 pixels shift «
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3 #50 mm lenses + 2x Nikon Z7 Il
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exposure mode manual
shutter speed 77200 s
aperture f/5.6
IS0 200
white balance cloudy

3 #50 mm lenses + 2x Nikon Z7 Il
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exposure mode manual T focusing off
shutter speed 1/200s — vibration reduct. off
aperture f/5.6 GSD 1O0mm
ISO 200 network 22 photos
white balance cloudy image format JPG

3 #50 mm lenses + 2x Nikon Z7 Il
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StM 40k IPs [ 4k tie points

control 3 GCPs Helmert transform
MVS polymesh (depth maps)
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Nikon vs Tamron colours

Y R PR i bl A LA LR LT T T LR D] |

S O

LA ol ) ; ! S
L] ol i 45 . -

(] i I i oll ol 1y y L

0
o i i s v - J e e { RS s

*:w:\\w‘:\\w‘wvwlw

TRTRR

1 '3 v Ta.,



Nikon vs Tamron colours

-«
L]
L
i

A
|
B
oz

[ & W\ y F
¥

T OW Y R e e e v i e o o o T T O TR T T TR R EE T p e e o e e f&“"’Iﬁ!?""fﬁ!‘”f!;‘yr?rr’r

’r
[]
| I

i R s 3

1|

wi

Iw

l’,

|

1
fi

g
i

0 T o 0 i B 00




Nikon vs Tamron colours
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