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Background of the Presenter

• Ph.D in Medical Physics from University of Genoa and
National Cancer Institute of Milan - Italy
(„Lasers in Surgery and Oncology“)

• Since 32 Years in Germany

• Professional Experiences with Hewlett-Packard Medical
and Agilent Technologies Optical Division in Böblingen 
(Product Design). With C-RAD since beginning 2013.

• Scientific Publications : www.franco-canestri.de

http://www.franco-canestri.de/


Background of the Company

- Product ideas based on specific studies about patient positioning 
and monitoring during radiation therapy at the :

Karolinska Institutet, Stockholm

- Research and first developments by Anders Brahme started back in 1997

- C-RAD company was founded in 2003, now with Main Subsidiaries in 
USA, Germany, France and China plus 20+ Distributors world-wide.

 C-RAD GmbH in Germany : 3 Offices in Berlin, Karlsruhe and Lüneburg. 

https://de.wikipedia.org/wiki/Datei:Stadshuset_vinter_2006.jpg


Ziel :

Mehr Patienten pro Tag,

besser und 

mit mehr Sicherheit behandeln.



”Respiratory Gating (DIBH)” vs. ”Free Breathing” 

Genauigkeit 

”Posture Errors” (Haltung)

Bewegungen

Strahlentherapie : Herausforderungen

„Muss-position“ auf dem Tisch



End-to-end treatment solution 

Sentinel 4DCT 
in CT room

Catalyst/HD/PT in 
RT room

Multi Vendor 
Support

SiemensFor all CT 
Manufacturers



C-RAD Approach to precise and safer patient positioning

For RT Room                            For CT Room

Camera  Projector C-RAD ultra-precise ( ~ 0.1 mm at isocenter)
Room Lasers :
- ) with dual-diode (red + green)
- ) and automatic calibration (< 9 Min.).

For CT + RT Rooms



No extra ionizing radiation 
and no lasers, 
just optical LED cameras 
in triangulation between
Projector – Kamera – ROI

Patient Vicinity and
Safety infos also … 

Measurement Principles and Patient ID   

Projector              Camera 

Scan
Volume
(ROI)



Triangulation Method 

We know that : 

tan α = sin α / cos α 

and that :

sin(α + β) = 
sin α cos β + cos α sin β 

Projector                                                                           Camera

therefore :  

l

//upload.wikimedia.org/wikipedia/commons/8/80/Distance_by_triangulation.svg


One Scan Volume (ROI): up to 80cm x 130cm x 70cm

with elastic, non-rigid patient registration (Slide 18), 

and “crop” functionality. 

Position & Safety accuracy:  <1mm 

Motion detection & Safety accuracy:  <1mm

Technical performances

Camera                       Projector  

Scan
Volume



Patient Vicinity and Safety 

http://www.c-rad.info/content.php?categoryID=14&parentID=0


FOR YOUR CT-ROOM

Sentinel addresses 
two major 4DCT 

tasks ... :

Workflow : Step 1 - CT



Multiple 3D 
point tracking 
with one unit, 
up to 50 times 
per second.

First CTs Patient 
Reference Image.

Optical triangulation via Sentinel in 
CT Room

Interpolation (total time 1-2 sec)

Workflow : Start am CT
1 of 2 : Surface detection
as first reference image. 

Acquisition of respiratory 
patterns per slice 



2 of 2 : Correlation CT <-> Breathing curves (Gating) 

Sentinel

CT



Two Sentinel‘s Contributions are now available : 

+

First CTs Patient‘s Surface     + Gating correlation

DICOM

to the 
Catalyst
at Linac.

TPS informations !



from CT Room in RT Room

Delta = 0
Delta < 0                                                                       Delta > 0

Workflow : Step 2 – RT
(first Fraction)

- Again : Patient‘s Surface (now, first fraktion at the Linac)
+ local Gating                                                                                                  

Gating at Linac                                         Back-projection,                               Isocenter
Patient Vicinity & Safety  



Catalyst Algorithm



Rückprojektion : Beispiel Torso Rotation

Muss nach oben (weil Gelb ist) 

Muss nach unten (weil Rot ist) 

http://www.c-rad.info/content.php?categoryID=14&parentID=0


Sub-matrixes and non-rigid elastic registration

Linked, independent and elastic sub-matrixes
on the patient‘s surface

C-RAD = non-rigid = best Gating ! Others (VRT, 
etc.) 

Patient
recognition





Long term stability: Within 0.3 mm

Measurement reproducibility: 0.2 mm

Frame Rate: 200 frames/s

Positioning accuracy Catalyst Within 1 mm for rigid body

Positioning accuracy CatalystHD Within 0.5 mm for rigid body

Motion detection accuracy Catalyst Within 1 mm for rigid body when couch is in fixed position during 

treatment

Within 3 mm for rigid body when couch is moving during treatment (e.g. 

Tomotherapy)

Motion detection accuracy CatalystHD Within 0.5 mm for rigid body when couch is in fixed position during 

treatment

cRespiration detection accuracy Within 1 mm for rigid body

Guaranteed Accuracy Performances :



Patient setup, Positioning
and Vicinity Recognition 
(Module)

Motion detection
(Module)

Respiratory gating
(Module)

Modules (min. 1 must be configured) : 

… always present and monitoring 
the ROI  in real-time … 



Respiratory Gating with the Catalyst in Linac Room
(with Touch Screen Option) with non-rigid registr.

Real-time 
Measurements
(free breathing)
in Linac Room

From CT
for free-
breathing
and DIBH

From Sentinel - CT

From Catalyst - Linac1) Tumor‘s Isocenter

2) Linac = Catalyst  Isocenter



Patient’s Visual feedback

Respiratory gating / coaching for 
”Deep Inspiration Breath Hold” (DIBH)

Resp. 
Target

Resp. 
signal

Base line

DIBH

Free breathing
from 4DCT „Sentinel“

Exported via DICOM 

RT  CT
„Catalyst“           „Sentinel“



Dosimetrical comparison between Plans in 
DIBH and free breathing via C-RAD Goggles. 



1-camera vs. 3-camera 
Upgrade and final Installation



3-Camera Catalyst PT with IBA Interface  

… other Vendors Interfaces 
coming soon …



3-Camera Solution

Central Camera 1 
+ Projector

Left 
Camera 3

Right Camera 2



• Also for Stereotactic 
and PT Treatments

• Full Patient Surface 
coverage

• Monitoring 
independent from 
couch kicks

3-Camera Solution
KFJ Spital – Wien –



Central Camera 1Right Camera 2 Left Camera 3

Left ViewRight View Central View

Camera
Shots

Composite
Global
Views
(R2+L3+C1
Camera Shots 
Super-
impositions)



3-Camera Catalyst Stereotactic Report with Screen View

Benefits for Stereotactic
Appications :

1) Full patient coverage
indep. from couch kicks

2) Positioning, Patient Vicinity
3) Motion
4) Gating
5) Audio/Vidual (Googles)
6) Non-rigid Algorithm

Critical Angles / Views

 Instant verification of
postural errors (shoulder and head rotation)

Patient Vicinity Recognition



„Patient Vicinity“ und Sicherheit :

Lagerungshilfe Infomationen …Sicherheitsfenster
(konfigurierbar)

6 DOF
+

„Couch
control“



Flexibilität des Systems … mit / ohne Brille

Respiratory
Gating spot (traditional use)



Head & Neck … ohne Masken … (Sweden)

„Gating“ primary spot …

“Reduced fixation with 
optical monitoring 

for palliative whole brain 
radiotherapy treatment”.

Silke Engelholm at al.

Radiation Physics, Skåne 
University Hospital, Lund, 
Sweden 

Secondary spot 

Sicherheitsfenster



Head & Neck … ohne Masken … (USA)

„Gating“ spot …

“Application of Surface  Mapping in 
detecting Swallowing for 

Head & Neck Cancer”

David Shepard et al. - Swedish Hospital  
Seattle,  USA

Sicherheitsfenster



Sarcoma Positioning after / during  Pharmaceutical Treatment 
(with “crop” function) 

C-RAD Catalyst‘s 
„cPositioning“ shows 
fraction-by-fraction
surface changes …



Has the patient‘s surface changed after the first fractions ?
Always a safe dynamic Workflow :

- CT Raum RT  Raum
- „Sentinel“ / 4DCT
- TPS, Isocenter, …

First Fraction    … Fraction ‚n‘                                             Fraction ‚n+1‘ 

Time

?

Changes of the body surface !
Two Clinical decisions needed !

New reference image (+ TPS, …) 
get stored    Fraction ‚n+1‘

CBCT / EPID

+ 

New Reference
image

Massive Changes           Minor Changes

via DICOM to „Catalyst „ + Linac / PT / Others

2nd   3rd …



Clinical Training Process

Technical Training as part of 
the Installation

Target group: Physicist and 
Lead Therapist

Performed by: C-RAD 
Installation Engineer

4 hours

On-Site Clinical Application 
Training

Target Group: Physicians, 
Physicists and all therapists

Performed by: C-RAD 
Clinical Application 

Specialist

3 days

Optional: C-RAD Training 
center

Target group: “Super user”

2 days

Follow up On-Site Clinical 
Application Training

Target Group: Physicians, 
Physicists and all therapists

Performed by: C-RAD 
Clinical Application 

Specialist

2-3 days

Training and support on 
demand



Reporting
(on screen and in .pdf)



Top-10 Zusammenfassung :

1) 1- bis 3-Kamera im Linac Raum
2) Immer in Real-time und kontinuierlich   
3) Patient vicinity & recognition
4) Ohne Markers, Blocks, Belts, etc.
5) Flexibilität
6) Rückprojektion für Lagerung
7) Gating free breathing und DIBH
8) Bewegungsmonitoring
9) Nicht-rigide Registrierung
10) Alle CTs, Linacs, Tomo und PT ABI.



„Installed base“ C-RAD Systeme in DACH :

„Sentinel“ (CT Raum)                   :  15

„Catalysts“ (Behandl. Raum)       :  27

( „Catalysts HD“ (Behandl. Raum) :  10 (*)         )

C-RAD „HIT“ Raum Lasers            :   7

Gesamt                                  :  47 C-RAD Systeme  - Deutschsprachige Länder

(Status ende März 2016)

Publikationen                       :  aus LMU, UMM, Uni Mainz, Gelsenkirchen, etc.

Uni Kliniken mit C-RAD       : Aachen, Mainz, LMU x 2, UMM, Bonn, Köln, Essen.

(*) : 3-Kamera Version



Publications :



Publications :



Ziel erreicht :

Mehr Patienten pro Tag,

besser und 

mit mehr Sicherheit behandeln.



Thank you for your attention !

 Videos

www.c-rad.se

franco.canestri@c-rad.com
Mobile : 0176.10023655

http://www.c-rad.se/
mailto:franco-.canestri@c-rad.com

