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Abstract. The video diagnostics for W7-X - which is under development - is devoted to observe plasma and first wall 
elements during operation, to warn in case of hot spots and dangerous heat load and to give information about the plasma 
size, position, edge structure, the geometry and location of magnetic islands and distribution of impurities.  The video 
diagnostics will be mounted on the tangential AEQ-ports of the torus that are not straight and have about 2m length and a 
typical diameter of 0.1m which makes its realization more difficult.  The geometry of the 10 tangential views of the 
AEQ-ports allows giving an almost complete overview of the vessel interior making this diagnostic indispensable for the 
machine operation. Different concepts of the diagnostics were investigated and finally the following design was selected. 
As a large heat load is expected on the optical window located at the plasma-facing end of the AEQ-port, the port 
window is protected by a cooled pinhole. An uncooled shutter located behind the pinhole can be closed to prevent 
window contamination during vessel conditioning discharges (glow discharge cleaning) and from inter-pulse deposition 
of soft a-C:H layers. The imaging optics and the detection sensor are located behind the port window in the port tube, 
which will be under atmospheric pressure. To detect the visible radiation distribution a new camera system called Event 
Detection Intelligent Camera (EDICAM) is under development. The system is divided into three major separated 
components. The Sensor Module contains only the selected CMOS sensor, the analog digital converters and the minimal 
electronics necessary for the communication with the subsequent camera system module called Image Processing and 
Control Unit (IPCU). Its simple structure makes the Sensor Module suitable to operate despite being exposed to ionizing 
(neutron, γ-) radiation. The IPCU, which can be located far from the Sensor Module and therefore far from the plasma, is 
designed to perform real time evaluation of the images detecting predefined events, managing the sensor read-out and the 
input triggers and producing the output triggers generated by the detected events. The IPCU can also be used to reduce 
the amount of the stored data. A Standard 10 Gigabit Ethernet fiber optics connection connects the IPCU module to the 
PC with GigEVision communication protocol. 
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INTRODUCTION 

The W7-X Stellarator requires high-speed video diagnostics in order to monitor the plasma and first wall 
elements during operation. The video diagnostics must be able to warn in case of hot spots and dangerous heat loads. 
It must also be able to give information about the plasma size, position, edge structure, the geometry and location of 
magnetic islands and distribution of impurities. The long, approximately 30 minutes continuous operation of the 
W7-X Stellarator poses special demands both on the mechanics of the video diagnostics and on the video camera 
system. 



OVERVIEW OF THE MECHANICAL SYSTEM 

To allow an almost complete overview of the vessel interior 10 video camera systems will be installed in the 
AEQ-ports, providing 10 tangential views. The arrangement of the AEQ-ports is described on the top view of the 
torus on Figure 1., where the ten AEQ-ports are marked with arrows. 
 

 
 

FIGURE 1.  Top view of the torus, the ten AEQ-ports are marked with arrows 
 
In contrast to the less than a minute continuous operation of small and medium sized Tokamaks, the W7-X 

Stellarator can be operated for long time periods of up to 30 minutes. This means, that a large heat load is expected 
on the optical window located at the plasma-facing end of the AEQ-port. To avoid the overheating of the window, 
the port window is protected by a water-cooled pinhole. The geometry of the pinhole is matched to the field of view 
of the imaging optics. Window contamination during glow discharge cleaning of the plasma vessel and from inter-
pulse deposition of soft a-C:H layers will be prevented by closing a small un-cooled shutter, which will be installed 
directly behind the pinhole, while during discharges the shutter needs to remain open at all times not only because it 
cannot be cooled due to space limitations but foremost because the video diagnostic is a control diagnostic. The 
imaging optics and the video camera are located behind the port window in the port tube, which is under 
atmospheric pressure. The camera-head can be easily removed and reinstalled into the port. For the accurate 
alignment of the camera-head a docking unit is used. The high ambient temperature in the Q ports requires cooling 
of the camera-heads. The cooling is performed by compressed air flushing. The cooling air is introduced into the 
system via the central tube connected to the camera head and leaves the port via the port tube.  The mechanical 
layout of the video camera head can be seen on Figure 2. 



 
FIGURE 2. Mechanical layout of the video camera head, with a dummy objective and without shutter 

 

OVERVIEW OF THE CAMERA SYSTEM 

To detect the visible radiation distribution in the W7-X Stellarator, a new camera system called Event Detection 
Intelligent Camera (EDICAM) is under development. Beyond the requirement to be able to operate the video camera 
under harsh conditions (e.g. neutron and γ-ray radiation), the long continuous operation of the Stellarator requires 
special solutions for data handling, as with the highest frame-rate and resolution, 1.43 Terabyte data would be 
accumulated over a half an hour operation cycle. 

 The system is divided into three major separated components: The Sensor Module (SM), the Image Processing 
and Control Unit (IPCU) and the Personal Computer. The three modules are connected with standard 10 Gigabit 
Ethernet fiber optics communication. The IPCU module is connected to the PC with GigEVision communication 
protocol. The EDICAM system structure can be seen on Figure 3. 
 

FIGURE 3.  EDICAM system structure 
 

The Sensor Module contains only the selected LUPA-1300, 1.3 Megapixel CMOS sensor, the analog to digital 
converters and a FLASH based FPGA to perform control functions and the communication with the subsequent 
camera system module. The selected CMOS sensor has 1280x1024 resolution and has several special features, like 
the windowing capability and non-destructive readout. The simple structure makes the Sensor Module suitable to 
operate in the harsh environment at the plasma facing front end of a port.  

The Image Processing and Control Unit can be located far from the Sensor Module and therefore far from the 
plasma. All the managing and processing functions are handled by the IPCU: It is designed to perform real time 
evaluation of the images, detect predefined events, manage the sensor read-out and the input triggers and produce 



the output triggers generated by the detected events. The IPCU can also be used to reduce the amount of the stored 
data.  

The sensor and the IPCU make possible the definition of multiple, arbitrary shaped Region Of Interests (ROI) 
within the full frame. The ROIs can be read out non-destructively and independently from the full frame. Depending 
on the number and size of the selected ROIs, the read out speed can be much higher than the read out speed of a full 
frame. For example, it is possible to read out 444 full frames per second and 100000 frames per second for a single 
ROI containing 900 pixels. The high level representation of the IPCU event processing function can be seen on 
Figure 4. Figure 5. shows a picture of the functional prototype video-camera head. 

 
 

 

 
FIGURE 4.  The high level representation of the IPCU event processing function. 

 

 
 

FIGURE 5.  The functional prototype video-camera head. 
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