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Consumer-grade cameras able to capture 360 photos and videos are becoming 

more popular for the opportunity to look in any direction, exploiting immersive 

visualization with virtual reality headsets

360 camera Average Price in 

February 2018 (euro)

Samsung Gear 360 90

Garmin VIRB 360 800

Insta 360 Air Voor 140

Nikon KeyMission 360 350

Xiaomi Mijia Mi Sphere 360 220

LG 360 150

360FLY 750

Samsung New Gear 360 300

Ricoh Theta V 430

Ricoh THETA S 350

GoXtreme Dome 360 90

Ssstar 100

Sansnail V1 65

YI VR 360 400

Motorola Moto 360 290

Gopro Odyssey 12,200

Videostich Orah 4i 2,900

Gopro Omni 4,000

Nokia OZO 49,000

Sphericam 2 1,350

Insta360 Pro 3,600
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❑ Photogrammetric surveys → pinhole images (normally)

▪ complex scenes → several tens of images

▪ no commercial solution for AAT without targets

❑ Main idea → few (spherical) panoramas instead of tens of images

▪ large field of view (360°)

▪ high resolution images ( >100 megapixels)

▪ automatic creation with stitching software
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❑ Abbey of San Galgano

3D model created by F. Zeppa



❑ Bundle block adjustment in spherical coordinates
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◼ x, y … image coordinates

◼ X, Y, Z … object 3D coordinates

◼ R … radius

◼ αx, αy … correction angles (roll and pitch)

◼ q0 … heading

◼ X0, Y0, Z0 ... centre of the sphere
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3D Arch 2017, Barazzetti et al., 3D modeling with the Samsung Gear 360

The aim of this work was to test the metric accuracy and the level of detail achievable with the 

Samsung Gear 360 (350 $)

Integrated f/2.0 fisheye lenses

Dual 15MP CMOS sensor 

Equirectangular image: 7776×3888 pix

Calibration and correction before stitching

Relative metric accuracy was about 1:300
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3D Arch 2017, Barazzetti et al., 3D modeling with the Samsung Gear 360

2 fisheye images

Equirectangular 

projection
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Xiaomi Mijia Mi Sphere 360   (300$)

2 Integrated fisheye lenses 

2 x 1/2.3 inch sensors 

Equirectangular image: 6912 x 3456 pix

Direct use of the equirectangular

Projections stitched with Madventure 360

Relative metric accuracy is about 1:2000
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Image acquisition
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Generation of equirectangular 

projections with Madventure 360
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Survey of long and narrow spaces

Corridor image sequence

(more than 200 images)

Photoscan Pix4Dmapper
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Survey of long and narrow spaces

Staircase → 222 images

Photoscan Pix4Dmapper
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Survey of long and narrow spaces

Basilica (237 images)

Photoscan Pix4Dmapper
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Metric evaluation of the Xiaomi Mijia Mi Sphere 360 
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Image orientation accuracy

15 spherical images

Targets measured with a total station

Pix4Dmapper

Image

Check point

Control point
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Metric accuracy evaluation

Size of the area: 10.9 m x 6 m x 3.7 m

• 6 control points

• 11 check points

Relative accuracy about 1:2000

Photoscan

Pix4Dmapper
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Additional consideration n. 1

Points matched in several images

100% overlap!

Photoscan

Pix4Dmapper
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Additional consideration n. 2

Graphic visualization of error ellipses for camera locations

Similar to geodetic networks

Problems in experiments with rolled images

Rotation of 90° (roll) → failure of bundle adjustment

Pix4Dmapper
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Dense point cloud generation

15 spherical images acquired inside a historic cellar

PhotoScan

Comparison with laser scans 

(Faro Focus 3D)

± 5 mm discrepancy
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Orthophoto production

Wall with good texture (bricks)

Nikon D610 + 20 mm

Average camera object - distance 1.7 m 

GSD: 0.5 mm

(Normal + Convergent images)

Xiaomi Mijia Mi Sphere 360

Average camera object - distance 1.5 m 

GSD: 1.3 mm

(Convergent images??)

Overall, 3 time worse
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Comparison of point clouds generated in the two projects

Overall discrepancy: ±2.5 mm
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Orthophoto production

Nikon D610 

Pixel size: 0.5 mm

Xiaomi Mijia

Mi Sphere 360

Pixel size: 2 mm
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Linking in/out: illumination conditions!
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Illumination conditions!
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Valid solution for the survey of long and narrow spaces

Metric accuracy with the Xiaomi Mijia Mi Sphere 360: 0.5 – 1.5 pixels

24 megapixels on a 360 field of view is not a very high resolution

GSD of a spherical project is 3-6 times worse than the same project with

central perspective lenses

Image acquisition very simple: camera pointed at any direction

Illumination conditions: big problem for 360 images


