RIEGL USA

Expanding the boundaries of 3d.
Z series Camera Calibration

Calibration Field

Place 30 Scm flat reflector targets 1 foot apart on three columns. Place 10 targets on each
column vertically. The columns should be approximately 10 feet apart from each other in depth.
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Each target needs to be angled properly. For each of the three columns the two top and bottom
targets need to be angled 19.3 degrees. The top two will need to be facing down and the bottom
two will need to be facing upwards.
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Jb Expanding the boundaries of 3d

For each of the three columns every third target down from the top will need to be set at a
specific angle facing downwards. Also every third target up from the bottom will need to be set
at the same angle but facing upwards. These targets will need to be angled at 7.5 Degrees.
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Every other target will need to be vertically placed on the column.

System Placement

Place the system at roughly 30 feet away from the center column and place the center axis of the
instrument roughly 5 feet above the ground for calibrating a 20mm lens. Be sure all 30 flat
reflector targets can be seen within the view finder of the camera and that they are equally
distributed. The scanner may have to be tilted to achieve this. Use a sturdy tripod and a power
source that will be efficient enough for one hour. We recommend using the AC power for the
scanner and camera.
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RiScanPro Setup

Stepl) Create a new project in RiScanPro and name the project accordingly to the scanner’s
model, serial number, camera type, serial number, and lens type.
Example: Z420 s999000 nikonD700 1234567 20mm_A

Step 2) An original camera calibration file for the Z420i will be needed here. Right click
CALIBRATIONS and select “Import Camera Calibration Wizard”. A window will appear
asking for the source of the calibration import. Import the original camera calibration file which
originally came with the scanner.

Once done a camera calibration should show up under the file name CAMERA and a mounting
calibration should show up under the file name MOUNTING. Rename both files to indicate that
they are initial camera calibration files and not the finals.

Step 3) In RiScanPrO; right click on the “CAMERA?” folder and select option “Calibrate camera
(reflector column — RECOMMENDED)”.
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Project manager | Readout (PRCS) | Object inspector |
|58 vz400_9998122_nikonD700_20mm_ |

£-@ CALIBRATIONS
w0
@ M New camera calibration (blank)...

@ RE New camera calibration (wizard)...

LD TIL
o855 CoLL Calibrate camera (reflector column - RECOMMENDED)...

-5 SCAN Calibrate camera (3D points)...
-2 VIEW| Calibrate camera (flat check pattern)...

@2 OBJE
£ TPL ( Import camera calibration wizard...
-2 TOL (| Export camera calibration wizard...
- POP
- TPL Delete all
..Tgj Trash

In the new pop-up window, under ‘INITIAL CAMERA CALIBRATION?” click on the drop
down arrow and select the “calibration release” file and do the same for the “INITIAL

CAMERA MOUNTING”.
After selecting the proper camera and mounting files click the “CREAT NEW” then click OK.

New camera calibration based on reflector mlum_

General settings I

CINITIAL CAMERA CALIBRATION

|Calibralion_\/Z-4UU_D7UU_ZIJmm_release LI Create new / Import...

CINITIAL MOUNTING CALIBRATION

| Mounting_%Z-400_D700_20mm_release ;I Create new / Impott...

SCANPOSITION

<none> > Create new

Hint:

Select, create or import a camera calibration, a mounting calibration and a
scaposition and click on the button "0K" to continue.

Cancel l Help |

A new camera calibration wizard window should pop-up after clicking OK.
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CamCalibTask01 (2]

1. Acquire new single scan

2. Reflector extraction

3. Finescan all reflectors

4. Image acquisition

5. Calibration

To configure and acquire a new
scan of the calibration field,
click on the button "Start".

- Start -

Camera Calibration Wizard

Step 1) Acquire new single scan.
Click start and set the scanning parameters and resolution in the scanner configuration window.

I New single scan ..

General Scanner configuration |

SCANNER CONFIGURATION
Stat angle [deg] SCANNER TYPE
[ECCE] VZ-400

Overview

Panorama

Load userdefined

Save userdefined

Resoluton [degl Caloulate
oo -[2] Meascount: 1251
Linecount 4501
Measpts: 5630751
£ time: 043

Serial#: 59997696
pply voltage: 24.3V

Stop angle [degl:
130.000 E]

Object ] Stop angle [degl Resolution [degl Start angle [degl

P oo 4 o~ -

Measurement program:  Pose estimation: ¥ Download data to project

yistance [m]
HIGH SPEED  v| |OFF = [V Erase data from scanner

Online view:

- = I~ Image acquistion 4
20 view I~ Color scar

Only scan a window 10 degree to the left and right of the target field.



Expanding the boundaries of 3d.

Leave the vertical at start angel 30 degrees and stop angle 130 degrees.
Set the resolution 0.080 degree then click OK.

Step 2) Reflector extraction

Click on option 2 (reflector extraction) from the wizard and click start then click OK on the
following popup window.

This will automatically place a tiepoint on each reflector. Please note that the auto extraction
algorithm will place a tipoint on most objects that are reflective so DELETE or ADD tiepoints as
needed in the 2D view of the point cloud.

S
Reflector extraction... - CamCalibTask01 5|

| 1. Acquire new single scan |
ter -

Reflector extraction

EXTRACTION PARAMETERS IZ'

3. Finescan all reflectors
Search radius 0050 [ml T |

Max. diameter: (0,400 [m] S T, s

4. Image acquisition |

. Calibration |

Min. points: 10 L) I L_

Scan for reflector extraction:

Max. reflectors: {100 [1] ~—f [110623_0s1085 ~|

Max, deviatios [25  [1]
To start the reflector extraction
Min. reflectance: |10.00 [dB] == click on the button "Start". The

extracted targets will be added
ADDITIONAL SETTINGS ©e the TPL SOCS.

[V Delete existing tiepoints of tiepointlist

[ busy ]

NAMING CONVENTION

Name prefix: TP_ Index offset: |1
Name postfix: Format width: |3

First TP name: TP_001

Restore defauit | oK Cancel | |
\

Step 3) Finescan all reflectors
Click start on step 3 from the camera calibration wizard and RiScanPro will move the tiepoint to
the center of each target.

Step 4) Image Acquisition

From the camera, turn on the flash then set the aperture and shutter speed to its highest settings.
Reason for such settings is to enhance the targets so that RiScanPro can better locate all
reflective targets in the images. After all camera settings are set, click START on the camera
calibration wizard. The camera will take approximately 11 photos at different angels. There will
be one or two images that will not contain any targets and some photos will contain more targets
than other. After the image acquisitions are done, open an image and turn on the TPL socs and
TPL image (Ctrl 1 and Ctrl 2).

Step 5) Calibration
Click start on the camera calibration wizard then select “USE ALL” in the popup window and
click START. The new camera calibration is now being processed.
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Camera calibration based on refiector column ==

CamCalibTask01 (=]

1. Acquire new single scan

Generalseltings  OpenCV Calbraton | Staisics |
[ CALIBRATION COMPUTING

2. Refl

Compuing calibration data based on reflector column (camera mounted on scanner). 3. Finescan all reflectors

Figure of meiit: [least squares fiting v Statt
Fiting accuracy: [TE6 change parameter [TE-6

CALCULATION LOG

4. Image acquisition

I+ comreeien

BEST RESULTS

Intemal calibration parameters found: Clear Use all

[V Use parameters from camera calbration s intial parameters.

™ ok [0 ¥ fylpixk [0
¥ Culpixk [0 ¥ Cyfpisk [0
Pk o w k2[iy [0
~ k3 [o v kanip [0
woetnr [0 P p20r [0

Once the processed is ﬁnishd click on the “STACTICES” fold to view the final results.
Camera calibration based on reflector ﬁ o || camcaiibTasior

General seltings | OpenCV Calibration ~ Statistics |
STATISTICS

Devlaﬁuﬂ=|uvevage| 3. Finescan all reflectors

Distance between image tiepoints and SOCS tiepaints in pikel: Do EorD O

Image [ Count ] Mean | Min | Max| _StdDev.| [s caribracion
110527_100417_|ma. 25 0.300 0.029 1.020 0.262
110527_100430_Ima. 25 0317 0043 0.961 0.260
10527100444 Ima. 24 0344 008 1071 023
110527_100453_|ma. 25 0.320 0.057 0.968 0.251
110527_100512_Ima. 24 0352 0.010 1.076 0.290
10527100527 ma. 25 033 0085 10% 0229
110527_100540_Ima... 7 0.451 0293 0747 0153
1052710055 ma. 25 0319 0110 0765 0161

110527_100622_Ima. 14 0.070 1.078 0.289

TOTAL 194 [EET 0.010 1.078 0.247

Help

Acceptable values for lens variance 20mm:
Distance mean < 1.5 pixel
Distance mx < 2.5 pixels

Acceptable values for lens variance 85mm:
Distance mean < 2.5 pixel
Distance mx <4 pixels

Acceptable values for lens variance 180mm:
Distance mean < 3 pixel
Distance mx <4 pixels

If the mean and max values are within the specified pixels then click OK.

To exit and save the new calibration files, click yes on the following promote.

If the mean and max does not meet the specified pixels, then click no and make adjustments in
the images and reprocess step 5.
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Once all steps are complete the new calibration file will be found here;
Calibrations/Camera/CamCalbTask01

RISCAN PROVE

Proj Edit View Tool Registration Window Help?

B-IX$ F0(0 0| GesANY | IDD @« B
vEss “ve-m-sEl||§-|00@MET BXA
®0cs|[0L. X8 D XH|B-AlA-

Proect manager | Readout[SOCS]| Obiectinspector|
[ 1sU_s9998509_vZ1000_20130103
& (@ CALIBRATIONS
25 CAMERA
{® Result calibration NikonD700_2447148_20mm_Final
01

B Result calibration (CamCalibTask01)
(Ca

&£ MOUNTING
R

i
‘2 REFLECTOR
2 TILTMOUNTS
&) COLLECTIONS
=0 SCANS
& ScanPos001
ER Y CamCaiibTask]
& TIEPOINTSCANS
() SCANPOSIMAGES
& UNDISTORTED IMAGES
& PROFILESCANS
& POLYDATA
sopP

1% TPL (S0CS)
= TOL (SOCS)
o VEws
-5 OBJECTS r
1% TPL (PRCS)
# TOL (PRCS)
& PoP

}P. wwwww s

The files will be called Result calibration (CamCalbTask01) and Result mounting
(CamCalbTask01). Rename these files accordingly for example: “Result calibration
7420 5999000 nikonD700 1234567 20mm_Final” and “Result mounting_

7420 5999000 nikonD700 1234567 20mm_Final”

Right click on Camera and select “Export Camera Calibration Wizard”
A window will open asking to select a camera calibration and a mounting calibration. Select the

two that have just been created and click next.

Page 10of 3
Calibrations
Select the calibrations to be exported...

[~ CAMERA CALIBRATION
-
Camera: |Nikon D700 (2447148)
Lens:  [Nikkor 20mm (522743)

MOUNTING CALIBRATION

| Resut mounting NikonD700_2447148_20mm_Final ~|
0166252951 0.000845775 0.986082776 0164800424
-0.021508180 0999764838 0.002768756 0,000296134
0985848545 -0.021669160 0166232046 -0.018942856
0,000000000 0,000000000 0,000000000 1,000000000

o= [ s |

The next window will ask to store the calibration file to either the instrument or storage device.
Since the Z series scanner doesn’t have this feature the storage option will have to be used. The
Calibration file can be stored on any media device for later use.
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Target
Choose where to export the datato...

1T nstrument

T
Hz Export data to instrument's intemal storage.

H Storage

Q@ Ewotdalatoan USB stick or any other data sorage

o= 1o ]

We recommend placing the Camera Calibration file on a CD for later use. The files will need to
be burned to a CD to allow use of the calibration file on any computer or project.

How to import and use the calibration file

If the calibration file is on a CD place the CD in a computer’s CD Drive. When in RiScan Pro
create a new project or within the project that is open, right click on camera in the calibrations
folder. Click on “Import Camera Calibration”.

A window will appear. Select “file” and locate the CD drive. Double click on camera
calibration file and the next window will be the “Import Camera Calibration Successful”.

From here camera calibration can be applied to recently done scans and also create new ones.

And always be sure to perform a camera readjustment anytime the camera is placed back onto
the scanner after being packed away.



