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Our Mission EHPCEITEC

o CEITEC: Centre of scientific excellence whose
results will contribute to the improvement of
guality of life and human health.

O our project — cooperation with ICRC

o Iimprovement of both patient and medical
doctor’s life by

o doctors — reduce of both acquisition and operational
costs of device, its faster operation, easy using

O patient — increase of comfort, shortening of wait times
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Present State IICEITEC

Task: After serious injuries or invasive surgeries
there Is necessary to monitor progress of recovery
=> comparing 3D models.

Solution:

o 3D model made by Magnetic Resonance Imaging
O just outer surface is extracted from model
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Present State IICEITEC

Task: After serious injuries or invasive surgeries
there Is necessary to monitor progress of recovery
=> comparing 3D models.

SolUtre+k.
o model made by Magaete-Resonance Imaging
Q just outer-surface IS AV CIEE

long capturing time

blocking patients who need MRI
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Our Solution EHPCEITEC

robotic
manipulator

scanned
object

scanner
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Advantages of our solution EHPCEITEC

o much lower acquisition costs (20 mil. vs. cca 1 mil. CZK)
O much lower operation COSts (7 000 vs. cca 2 CZK)

o faster model capturing (20-30 min. vs. cca 2 min.)

o we don't block patients who need MRI

Extra:
o flexibility — both tiny and large structures

o other usings: ergonomic rehabillitation tools,
historical objects archiving, 3D cloning, ...
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Scanning System Architecture £33 CEITEC

O robot + laser scanner (exchangeable)

O devices connected
using Ethernet

O C# drivers for devices

ETH
Switch

ETH ETH

Robotic Laser
Manipulator Scanner

Creating 3D Models Using Robotic Manipulator and Laser Scanners 7127




Robotic Manipulator Driver IPCEITEC

O robot ordinarily executes predefined program
o real-time response required

M

C# application

PC EPSON Controlling Unit
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Operating Principle EHPCEITEC

scanning trajectory

to visit Ethernet

EPSON C3
manipulator

Controlling Unit
triggering

Ethernet

SICK LMS400
laser scanner

Ethernet

actual position
of manipulator

measured data
from scanner

MicroEpsilon
laser scanner

kernel software

Y 3D Scanner
cloud of 3D points



Homogeneous Transformations &P CEITEC

O computes position of measured point in default
coordinate system

o _ time variant
time invariant A

r R
scanner parameters robot data scanner data

Point position in default
coordinates [Xy Yy Zg]
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Homogeneous Transformations &P CEITEC

|
: A l.l.l; (

Hy, = HyyHypHgsHgy,

O ... default coordinate
system

.. manipulator

.. manipulators’
end-point

. laser scanner

. laser range-finder

m<

— wm
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Homogeneous Transformations &P CEITEC

O Hg, : rotation along Z axis by angle a

cos(180 —a) —sin(180—a) O
_|sin(180 —a) cos(180—a) O
0 0 1
0 0 0

= o oQg

a ... rotation of laser sweeping
mechanism from —x axis
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Homogeneous Transformations &P CEITEC

O Hcq: translation and RPY rotation in 6DOF
describing mounting of laser scanner on robot

(C,Cr  CuSySw — CwSy  SySw + CuCwSy, Xt
CySy  CyuCw + SuSuySw  CwSuSy — CuSw v,
—Sy CySw CyCy Zt

0 0 0 1.

Xu Vi Z; ... translations

ut ... roll rotation
Vi .. pitch rotation
W, ... yaw rotation
C, cos (X,

S, - sin (x,)
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Homogeneous Transformations &P CEITEC

o H,,e: translation and RPY rotation in 6DOF
describing position of robot’s end-point

i - - -
B Ul CuCy  CuSySw — CwSy  SuSw T CyCwSy X
xi N CvSu CuCW + SuSvSw CWSuSU — CuSW y
Hyg =
2 —Sy CySw CyCw Z
| 0 0 0 1]
X, Y, Z ... translations
u . roll rotation
Y pitch rotation
W . yaw rotation

coordinate 2 N
system 0

x ' Cy ...  COS(X)
A" : | S, ... sin (x)
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Homogeneous Transformations &P CEITEC

o H,\: translation and RPY rotation in 6DOF
describing position of robot in default system

© oy Default system 0 Is
¥, usually same as robotic
manipulator’s system
M.
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Homogeneous Transformations &P CEITEC

O Hy : combination of all particular matrices

' | system S
Hor = HomHueHEsHs,
dinate
o y
2 coordinate
system M
: S|

Creating 3D Models Using Robotic Manipulator and Laser Scanners 16/27






Higher Software Layer IICEITEC

scgnning cloud of 3D model model
trajectory 3D points file

3D scanner

3D model generator

o user friendly defining of scanning trajectory

o surface-covered 3D model generation from
measured point-cloud

o saving and displaying of models
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o)

File

sldX 2P

Compile

4

=B T!Eljedol')" Files

- Linear scanning resolution 1 mi

i - Sganning along arc. Jdtraj
= Com Trajectories
a

r scanning resolution 1 mm_3d

e L
. Sanning alon .3dctraj

List of trajecton

script files

Check Syntax OPOINT
/iNESCAN
List of Reference guide P ARt

er\Trajectory Mz
BEGIN -
DEFINE (L, 400, 440, 200, 0O, 90, -90); J//estart point of arc Help
DEFINE (B, 150, 440, 200, 0, -90, -90): //end point of arc
EFINE (M, 275, 440, 3758, 0, -20); //middle point of arec List of available functions and commands:
(A,B,M,20,5AVE) ; +« BEGIN
= « END
Compile Text of script « HOTEND
+ DEFINE
« GO
« GODIFF

compiled for each scripting
trajectories command BEGIN

L}

|

Syntax: BEGIN

o

Initializes scanner to the initial position.

LOQ WindOW ShOWS aCtionS ggi;iﬁﬁjrgrg?gﬂf;ggﬁimm command must be called at the
and I'ESLI":S Back to list of commands

\Scanning along arc.
Checking syntax .
=== Check syntax fifiished with no errors ===
Compiling trajectons. -
Compiling BEGIN gdmmand ..

Compiling DEFINE command ...

Compiling DEFINE command ...

Compiling DEFINE command ...

Compiling ARCSCAN command ...

Compiling END command ...

=== Compile finished with no errors ===

Trajectory saved to 'D-\Dropbox\Robotika\Diplomka\(4) 3D scanner software\Trajectory Manager\Trajectory Manageri\bin\Debug\trajectories
\Scanning along arc_3dtraj’

Checking syntax ...

=== Check syntax finished with no errors ===

raj o
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Higher Software Layer IICEITEC

scgnning cloud of 3D model model
trajectory 3D points file

3D scanner

3D model generator

o user friendly defining of scanning trajectory

o surface-covered 3D model generation from
measured point-cloud

o saving and displaying of models
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Higher Software Lay IICEITEC

e
e
e
S

C

o surface-covered 3D model generation from
measured point-cloud

o saving and displaying of models
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Higher Software Layer IICEITEC

scgnning cloud of 3D model model
trajectory 3D points file

3D scanner

3D model generator

o user friendly defining of scanning trajectory

o surface-covered 3D model generation from
measured point-cloud

o saving and displaying of models
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A 3D Model Viewer - ii@lfﬁlﬂli







Summary ICEITEC

o standalone scanning system capturing 3D models
O output is shaded surface
o designed for hospital — brings savings

o very wide area of usability because of:
o flexibility of movement because of 6DOF robot

o changeable scanner — possibility of scanning both tiny
and large structures
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Future Work IICEITEC

o functions for automated design of ergonomic
splints

o functions for comparing differences between
several models (sequence of models analyze)

O data fusion with other medical devices — one
model containing all available information about
human body
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Thank You for Your attention

IHPCEITEC

This work was supported by the project CEITEC — Central European
Institute of Technology (CZ.1.05/1.1.00/02.0068) from European
Regional Development Fund and by junior inter-faculty research

FAST/FEKT-J-13-1987 “Matrix optical sensors data fusion” of internal
grant system of BUT.
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