Examining GNSS Sky blockages using
Fisheye camera view images

Materials
e Software: RTKLIB 2.4.3 b5~ RTKPLOT

* Fisheye view images



Goal for this tutorial
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Procedure for building mask (database
of mask angles)
1. Azimuth adjustment
2. Projection adjustment
lens calibrating tools for initialization

3. Mask Making
Converts image to binary Projection

RTKLIB
2.4.3 b5~

Open source software to make a
mask with the fisheye view image

SNR=... 45 40 ..35..30..25 <25 [dB-Hz]



Initial preparations
Obtaining profiles of fisheye view lens

* Fisheye view images need calibration to
perform equidistant projection
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Initial preparations

Obtaining profiles of fisheye view lens

 Open lens calculation software
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Swiss National Centre of Competence in Research

Scaramuzza

OCamCalib: Omnidirectional Camera Calibration Toolbox for Matlab >

OCamcCalib Toolbox Download Page

If you use this code please cite these references
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Publications Package name Description Ur g fixes
Tutorial on Visual Odometry
Eiography OcamCalib Toolbox v3.0 The new version of the toolbox with Check bug fixes
News automatic checkerboard extraction. The First release: November 16, 2013
OCamCalib Toolhox Contains MATLAB toolbox for omnidirectional camera checkerboard extraction code is already
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Steps for making masks
1. Taking photo by Fisheye view lend camera

 Same place as GNSS antenna

 ‘Up’ Image direction has to face North
* Lens has to be set up horizontally relative to the ground

Example using iPhone Compass App
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Steps for making masks
2. Read data using RTKLIB SKYPLOT

éi_‘;;'.[):?ﬁrandata?l!ﬂl]Iﬁ¥Iﬁl]EI3¥ruv_tri_lﬁl]2]3_12—24.160 -0l =|
File Edit “iew Windows Help

Cpen Solution-1... Cir [+3 j bl T ® @ o o = w5
Dpen Solution=2.. Cr+Alt+5 /
Cpen Map Image... o - riox
Open Map Path.. =
Open Sky Imagi =
Browsze Solutionz... Cir[+B

Cpen Obs Da Cir [+
Cpen Maw Dat [+
Cpen Elew Mask

Wizibility Analvzis \\ \ -

Save Imaee.. ity
Save # of Satz/DOP..
Save AZ/ELSSHRAMP..
Save Elev Mask..

Connect Cir+T \
[Mzzonmect e+

Connection Settings... *
Reload Cirl+R
Clear Cir [+
Exit Citr [+l -

—

565000 570000 575

[1]1883/561600s-1883/604799s : EP=43200 N=

Set options

* Fisheye view image (JPEG)

* Observation data (RINEX)

* Navigation data (RINEX)




Steps for making masks
2. Read data using RTKLIB SKYPLOT (Results)

:;%.D:¥rawdata¥2[ll6¥1602l3¥raw¥5505R501532016021318000.160... =10 x|

File Edit View Windows Help

1 ~-| o] =] & ¢ @|—E (—é & o ® po
N

Select Skyplot

Fils

.

Edit “iew ‘indows Help

Time SpandTnterval..

Lik=ie e
Sk Imaege..
WAy oINS ... N

aalutian Sourck..
Db Data Sourde..
Dbs Data QG .

Copy To Clipboar

Cptionz...

D0 GPST-02/13 23:59:59 GPST : EP=43200 N=691715 SNR =...45. ..35...30..)

Calibration of sky ige




Steps for making masks
3. After reading data

Sky plot results and sky image options

D:¥rawdata¥2016¥ 1602 13¥DSC00394 JPG X|
Image Size W/ H (pixels)  [5456 x [3832 I~ Flip =lof x|
Plot Center (pixels) Plot Radius (pixels) 3 & 1 ® l? % [g e o
% [2728.00 j ¥ |1816.00 j 1816.00 j q
Roll |0.00 — Pitch |0.00 | Yaw |[0.00 |
Pixels from Center - Bevation {deq)
a0 70 10 50 40 30 20 10 0
[# Elevation Mask Resafnple INN | I Binarize Jo.30 i’-:-. 0 =
Save Tag | Load Tag... | Gen [Mask | Update |
=
Automatically input
S
[112016/02/13 12:00:00 GPST-02/13 23:59:59 GPST : EP=43200 N=691715 SNR=...45.

..35;..30:.]




Steps for making masks

4. Change to equidistant projection
Sky plot results and sky image options

D:¥rawdata¥2016X160213%¥DSC 00394 _JPC ﬂ
Image Size W/ H (pixels) 5456 % |3832 il 05R50153201602131800D.160... =10l x|
Plot Center (pixels) Plot Radius (pixels) 5 “ = . o

x [2728 =1 v [iz15 = 1816.00 =
= = : = N
5 oo = — :

= Yaw |0.00 |

(deg)

30 20 10 0
|295.2 |555.4 |:33=3.4 |1|:|a:r'. i |1295 C IHEEI £ |15|:|5 g |1?22 £ |1a 16.0

INN ""l [~ Binarize I_

¥ Elevation Mask Resamplé

Save Tag | Load Tag... |

________________

Change manually
based on computed profiles

of fisheye view lens (see
slide 4)

[112016/02/13 12:00:00 GPST-02/13 23:59:59 GPST : EP=43200 N=691715 SNR =...45. ..35...30..) AZ=110.9°EL= 5.%"




Steps for making masks

5. Change direction

Sky plot results and sky image options
x|

Image Size W/ H (pixels)  [5458 x [3832 I~ Fiip =10l x|
PIntC_er;ter (pixels) " Plot Radius {pixel_s}l E] o 1t ® '”E 5 @ e o
X for8.00 = v [1B16.00 = 1816.00 - N

Roll |n.nn :|| Pitch [0.00 =

¥ Pixels from Center - Elevation
a0 70 &0 50 40 30
|195.1 |555.4 IE3E.4 IlDB?.]IlEEIB.EII.EIIEDE.EII?EE.EIIEIE.E

v Elevation Mask Resample INN "’I Binarize I'.-E- j‘--'—E | B o

Save Tag | Load Tag... | Update

=en vaz

.................

Change manually to reset the
image ‘up’ direction to North
(Using map of buildings as a
reference or some other

l I lea nS .o ) GPST-02/13 23:59:59 GPST : EP=43200 N=691715 SNR =...45. 039 N2 28525 1U




Steps for making masks
6. Show the elevation mask

options x|
Time Format Ih:m:s GPST vI Error Bar/Cirde  |OFF * | Mark Color 1 ({1-5) |_l|_|_|_|_

Lat/Lon Format Iddd.ddddd "I Direction Arrow  |OFF ~| Mark color 2 (1-6) [[WN 9

Show Statistics I I Graph Label 0N | Line Color Iﬁ_l 53201602131800D.160... , :
Cyde-Slip | | cridferidLabel  [Grid/Label | Text Color T |

Parity Unknown I ICumpass oM | Grid Color I:I_l t @ F o @ 5 o e
I I oM w | Background Color |:|_| N

OFF -

OFF -

OFF -

OFF -

=] sutoFi oF ~] Plot sty [Mark =]
-Ranage (+/-) 5 * | Mark Size Iﬁ b

Relite |OFF * | RT Buffer Size 10800 Font Tahoma 10pt J

MaxNSATDOR [0 +] Coordinate Origin [LationHg ~] AnimationInterval [10 | (SR 3

Max Multipath \ [10 Update Cyde (ms) [100 A

LatfLon/Hg 'I Lamnnmgt|35.656502?m |139.}"3238I]5EID |59.4139 J

atelite System | QC Cmd Itequ: +qc +sym H Tep -plot

¥ GPs [ 6L\ |V Galieo ~ RINEX Opt I

e Qzss [ SBAS\ IV BelDou g pata D work¥RTKLIBH tib_2.4. 2¥datab He160827. ot |

Exduded Sats |0 TLE Sat Mo ID:¥wu:urk¥RTI~’J.IB¥rﬂ<liI:u_2.4. 2¥data¥TLE_GMNSS_SAT EIJ
(+5n: Induded) |

\
Change to ON

e

-

Receiver Positio

=101 |

l[l]ZO 16/02/13 12:00:00 GPST-02/13 23:59:59 GPST : EP=43200 N=691715 SNR =...45. 2392 o0 28525
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Steps for making masks

/. Create Binary Image
Sky plot results and sky image options

Select a few satellites

%%-D:¥rawdata¥2l]lﬁ¥lﬁl]213¥raw¥5505H561532ﬂlﬁﬂ: for SlmphCIty _|EI|5|
File Edit Wiew ‘Windoyg Halo
..“..ITEIME LTHI@IEE.$E|E|| s
D¥rawdata¥2016¥1602 13¥DSC 00394 _JPG il
Image Size W/ H {pixels) |5455 X |:-'.r531 [~ Flip

Plot Center (pixels) Plot Radius (pixels)

x [2725.00 j v [1816.00 j 1816.00 j
= ey 150 =

Rol 1. Select - =
(deq)

72 = ——
80 70 60 40 0 20 10 0
|295.;1 |555.4 |a:-'.a.4 |1na?.j 1298, ﬁ.f 1606.5 [1722.¢ .

¥ Elevation Mask Resample INN "Irp Binarize IU.EU :

Save Tag | Load Tag... | Update

2. Click

[1]2016/02/13 12:00:00 GPST-0213 23:59:59 GPST : EP=43200 N=621715 SNR.=...45,. ~0...35,,.30...25 <25 1Z




Steps for making masks

8. Adjust binary image processing as needed
Sky plot results and sky image options

For simplicity

%_’E_,—'-D:¥randata¥2l]lﬁ¥IﬁﬂEIE?FraH!FEEﬂEHE:]IEEEI]IEI]:!IEIBI]I]D.IEU._. - 10| x|
File Edit ‘“iew Windog Halo
--||--|T2|5kyplut"l | alL | e 1 @Ea @ o o . e

D-¥rawdata¥2016¥ 1602 13¥D5C00394 JPG x|

Image Size W/ H (pixels)  [5456 % (3632 I~ Flip
Plot Center (pixels) Plot Radius (pixels)

x [2728.00 :ll y [1815.00 :ll 1816.00 :II
qu_ln_m—__l_mhn._lm—_.j vaw I-1..50 j
~ 1.Adjustimage filter (deg)

80 70 &0 40 30 20 10 0
296.2 |566.4 |333.4 [1087.1|12980a41463.¢ |1606.5 [1722.¢
S

¥ Elevation Mask Resample INN "Irp Binarize IU.SU :

3. Close option

1]2016/02/13 12:00:00 GPST-02/13 23:59:59 GPST : EP=43200 N=591715 SMR.=...45. ..35...30.. 135




Steps for making masks
9. Save the completed elevation mask

%’7 D:¥rawdata¥2016¥ 160213 ¥raw¥5505R50153201602131300D 160 O] x|
File Edit “iew indows Help
Cpen Solution—1... Cirl+3
Cpen Solution—2... Cir [+ Alt+3

Cpen Map Image..
Cpen Map Path...
Cpen Sky Image..

Browmze Solutions .. Citrl+B
Cpen Obz Data... Citr [+
Cpen May Data.. Ctr+M

Cpen Eley Mazk .

_{* Open
e Named
e Save the file

Vizibility Analvsis...

Save Image.. Cir[+1
Save # of Satz/DOP..

Save Elew Mask ..

Connect Cir+T
[Mzconnest (e [+
Connection Settings..

Reload Citr [+
Clear Citr [+
Exit Cir [+021
|[1]2D16,|"02,|’13 12:00:00 GPST-02/13 23:59:59 GPST : EPF=43200 N=891715 SMR.=, .45, ,035...30,..25 <25
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Steps for making masks
10. FINAL

F D:-¥rawdata¥2016%¥ 1602 13¥elemas ;IEIEI |
J FrAIAF REE)  desE(d C¥rawdatai¥2 0 16% 1602 1 3|
|D-2-H|sB8lxh  ?[yn>
% Elevation Mask+ -
% hildeg) EL(deg)+
0.0 RO.T+
1.0 0.3+
¢.0 49,7+
3.0 49,2+
4.1 43 .5+
B.0 47.9+4
6.0 47.3+
7.0 46.5+
8.0 45.9+
9.0 45,1+
10.0 44,3+
11.0 43 .6+
12.0 42 .8+
13.0 41.9+4
14.10 41.2+
15.0 40. 4+
16.0 39.3+
17.0 38,44
18.0 ar. i+
i« ASCIl data format
1 * Azimuth-dependent

7K™ elevation mask angles




Example for one satellite (G06)
Show one satellite

%-D#rawdata!!ﬂ]Ili¥lﬁll2l3¥ran¥55l]5ﬂ5lllE32l]Ilil]2l3lElll]D.lﬁu... o ] 4
File Edit Wiew ‘Windows Help
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N
3P 3o
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S
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[112016/02/13 20:44:44.000 GPST : N=14 NSAT=1 SNR=...45.. 70...35...30,,.25 <25 |
-10
Elevation () 66.5 ©
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S0
/ﬂ/
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[1]2016/02/13 20:44:44.000 GPST : N=14 NSAT=1 SNR=,..45. ~0...35...30...25 <25 [ 2016/02/13 16:41:38 GPST




