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During my stay with the cosmic ray group at Kyoto University I was given three tasks in 
relation to the development of the Electron Tracking Compton Camera (ETCC). The ETCC 
is an advancement in the compton camera technology for detecting gamma rays through 
the compton scattering effect. Simply put, the scattering event occurs inside a gas filled 
time projection chamber where the scattered electron forms an ionised track and cloud of  
electrons. There is a strong electric field imposed across the chamber so that the electrons 
drift  toward  a  pixel  grid  of  anodes  and  cathodes  μPIC.  The  signal  is  amplified  gas 
multiplication  and  electron  avalanche  before  and  at  the  μPIC and  then the  pixel  grid 
arrangement allows two dimensional spatial information to be gathered for the secondary 
electron track.  The third dimension is deduced from the relative detection times of the 
electron cloud. The ETCC also has detectors around the outside of the gas chamber which 
detect  the impact  position and energy of  the scattered gamma ray.  They consist  of  a 
scintillating  polymer  material  backed  with  photomultiplier  tubes,  again  in  a  grid 
arrangement.  This  allows  full  resolution  of  the  incident  direction  and  energy  of  the 
incoming gamma ray, which is an advantage over the older compton camera detectors that 
can only deduce the incident angle and several photons are required to find the direction.

Two of the tasks performed were more for interest and understanding and were not so 
time  consuming.  I  learnt  how  to  use  the  inhouse  software  to  calibrate  a 
scintillator/photomultiplier  assembly  by  introducing  different  known  gamma  emitting 
sources, and proceeded to calibrate two scintillator units. I also spent a day seeing how to 
start  up the electronics for the gaseous time projection chamber and used it  to detect 
cosmic muons. These tasks were both very interesting to do after learning about the entire 
instrument  and  understanding  the  elements.  It  was  very  satisfying  to  get  practically 
involved in the detector elements.

The third  task,  which consumed most  of  my time with  the group,  was to  develop the 
Attitude Control System (ACS) for an upcoming balloon flight to test the instrument. 
The gondola holding the instrument and support systems will hang from the balloon and 
the yaw attitude (around the vertical axis) is controlled by the torque release motor. This is 
a  complex  system,  because  the  balloon  is  likely  to  be  spinning  and  there  may  be 
disturbances. This translates down to the gondola through torque on the suspension cable, 
and there may also be aerodynamic disturbances torquing the gondola itself. 

The system was modelled using open source software called SciLab. This program has a 
tool called xcos, in which a system can be modelled by constructing a block diagram and 
then a simulation can be run with different inputs. Our model is based on that of Bando-
san from Jaxa, who worked on the previous balloon launch in 2006, although there are 
some small modifications. The block diagram was constructed in xcos, and a step input 
was used for the desired angle input.

The system is shown on the following page separated into regions for the physical system, 
the sensors and actuator, the delays and the ACS. The important parameters needed to 
accurately model the system are the torsion constant and the moments of inertia of the 
gondola and the rotator mechanism. These were all difficult to find at the time of my visit, 
but I did some calculations where I could and made estimates for these values.





Using these values, I tried using different numbers for the controllors CFB (proportional-
differential) and C (proportional-integral) and trying to find a good performing response 
within the torque and velocity limits for the motor and gearhead. The xcos tool in scilab is 
very useful, but I realised that it has some artificial errors in the response and it is also time 
consuming when testing many different controllor values. So I wrote a piece of code using 
control theory to simplify the complex control system into a single transfer function. This 
enabled us to test many different values at once and plot the required torque and velocity 
response. I also wrote in a loop to plot the root loci for the gondola response, which is 
useful in choosing the controllor values. It shows when the system is stable and gives an 
idea  of  the  performance  (rise  time,  settling  time,  etc.)  and  it  also  shows  how  the 
performance and stability change with gain.

After using this code to try many different combinations of the four controllor values and 
the best estimates for the physical paramaters, the best response I found that still remains 
inside the limits of the motor is shown on the following page. The top panel shows the 
gondola angle response (blue) to a smoothed step input (green) – the angle is given in 
radians and the time is in seconds. The next two panels show the velocity and torque 
required from the rotator assembly (motor-gearhead-mechanical link) and the limits are 
shown in red.

Up  until  this  point  the  delay  between  sensors/actuators  and  the  ACS  hadn't  been 
considered.  The  delay  is  difficult  to  implement  in  the  code,  because  it  involves  an 
exponential term, so I tested it with the xcos simulatior. This showed that the effect of the 
delay was insignificant, because the delay times are very small compared to the timescale 
of the system response.

The next step was to test the attitude control system as well as some of the hardware, so 
we designed a prototype gondola. The gondola itself  is a very simple aluminium cube 
frame with a long beam for GPS anttenae, and we designed a mechanical linkage with a 
ball bearing to take the weight of the gondola off the motor's spindle. The part drawings 
are attached. We assembled the prototype with the motor/gearhead, a cpu containing the 
controllors, battery cells for power and a GPS unit with a pair of antennae that can act as a  
compass to read the bearing of the gondola.

The GPS unit  is  quite  tempremental  and took a lot  of  time to  test  and calibrate.  We 
constructed a frame to suspend the gondola from and took it up to the roof of the building 
to allow better access to GPS satellites. We measured the torsion constant of the rope 
using a solid brass cylinder with a moment of inertia that is simply calculated, and we used 
that to measure the moments of inertia of the rotator mechanism and gondola as best we 
could (although all three measurements had some uncertainty).

When we finally tested the ACS we couldn't get the linux version of the software to work  
with both controllors, so we used a simplified version of the system. But I adjusted my 
code with the new tranfer function and we chose some appropriate controllor values, and 
the ACS worked well. We could place the gondola at an odd bearing and input a desired 
bearing and the ACS moved the gondola into the correct position. Observed responses are 
shown in the following pages.









Send to 180° and then back to 0° successfully

Send to 180°, but with an unstable ACS  (poor values) 



Over all I really enjoyed my time with the Cosmic Ray Group. I learnt a lot and I was very 
interested in their ETCC instrument. I enjoyed discussing the science and also sharing 
ideas about the gondola design for the balloon experiment. I think that I contributed some 
new ideas about the engineering side of the control system and mechanical structure and 
arrangement of the gondola. 

We struggled with the language barrier sometimes, but we managed to communicate quite 
well  and I  think  my visit  was quite  productive.  I  really  enjoyed sharing ideas with  my 
colleagues about  science and engineering as well  as cultural  experiences and learing 
about eachothers countries.

All in all it was a very pleasant and productive experience, and I hope everyone at the 
Cosmic Ray group enjoys a lot of success with their ETCC project.


