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Status of the Fast Orbit Feedback 
System Development for TLS

Facility Highlights

Orbit stability is extremely important for the operation of the 3rd generation light source. The global orbit 

feedback system was deployed since a decade ago. Insufficient bandwidth due to hardware limitation led 

incapability to suppress fast orbit excursions effectively. To improve orbit stability further, beam position 

monitoring is undergone a major upgrade to new generation electronics with much better performance and 

functionality. Corrector power supply is also migrated to wider bandwidth, low noise and high efficiency switching 

power supply. Infrastructure of the orbit feedback system is in the process of a major modification. The system is 

planned to be commissioned in late 2008. After this major upgrade, it is expected that the orbit stability will be 

visibly improved. The system's performance to eliminate the orbit perturbations from fast operation of the insertion 

devices gap and phase change can be advanced and the insertion device can be operated more efficiently. On the 

other hand, this new fast orbit feedback system can be used as a test-bed to evaluate various orbit stabilization 

issues of Taiwan Photon Source.
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Orbit stability is extremely important object for a mo-

dern synchrotron light source. There are many efforts 

proceed to improve orbit stability of Taiwan Light Source 

(TLS), including control of the ambient environment, re-

moving various mechanical vibration sources passively, 

orbit feed-forward control for the insertion devices, etc. 

However, some residue orbit motions in a few micron level 

cannot be eliminated effectively. Orbit feedback system 

for the TLS has been deployed since a decade ago. Still, 

due to the limited loop bandwidth of the system and the 

existing hardware, fast perturbation effects above 5 Hz still 

exist, such as quadrupoles vibrations or fast changing gap 

or phase of the insertion devices. Slowing down the speed 

of the insertion devices parameters changed is the current 

solution to accompany with the existing orbit feedback 

system. To improve orbit stability, the orbit feedback system 

is undergoing a major upgrade to a fast orbit feedback 

system accompanies with the corrector magnet power 

supply and BPM electronics upgrade. 

Orbit stability in micron level during routine operation 

was achieved. However, high frequency beam position 

motions can be observed by new BPM electronics. We 

measure at one BPM (R1BPM8) station is equipped with the 

new BPM electronics. Typical observed spectrum at the first 

glance is shown in Fig. 1. There are broaden peaks spreading 

around 20 Hz and the power line frequency is very strong. 

These peaks have been analysed carefully, the peak near 20 

Hz is strongly correlated to the quadrupole motions around 

the storage ring. The quadrupole mo-tions are prominent 

in horizontal direction as shown in Fig. 2. Motions  are 
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relatively small in the vertical plane. Performances of all 

power supplies have been checked carefully; it is found that 

only a few corrector power supplies are correlated to the 

power line frequency. After removing these power supplies, 

the spectra of power line frequency and its harmonics can 

be minimized.

To replace old corrector power supply, simplify 

maintenance and get high performance, the power supply 

was undergoing replacement in early 2007 for vertical-

plane power supplies and in September 2008 for horizontal 

ones. Performance of the power supply at this moment can 

be seen in Fig. 4. The above figure is the standard deviation 

of all old horizontal power supply. The below figure is the 

new vertical-plane power supply. The performance of the 

new power supply is much better than the former ones. 

Additionally, BPM electronics have been working more than 

twelve years and are undergoing another upgrade as well. 

New generation BPM electronics with better functionality and performance will take the place of the all aged BPM in 

late 2008. To setup the fast orbit feedback system, we fairly 

make sequential efforts including corrector power supply 

replacement, BPM electronics migration, infrastructure for the 

fast orbit feedback system modification, performing fast orbit 

feedback loop simulation, and investigating various effects. 

Setup a diagnostics node to capture fast beam position data 

for stability analysis and tuning the feedback loop is also 

planned. All of these efforts are constrained by the budget, 

manpower, available machine shutdown window for these 

upgrades, it started from 2007 and will finish in 2008.

To check the performance of the selected BPM, cor-

rector site and the conditional numbers, static simulation 

based upon accelerator model is also done by the aids 

of Accelerator Toolbox. It was assumed that the vertical 

Fig. 1: Typical beam spectrum measured by the R1 BPM Liberas. 
The prominent spectra are observed near 10~20 Hz in the 
horizontal direction, and a very strong of 60 Hz component.

Fig. 2: Horizontal vibration spectrum for all 48 quadrupoles. 
Quadrupoles installed at the same girder have some 
common spectra characteristics. Maximum level of the 
oscillation amplitude is less than 100 nm. The noise signal 
below 10 Hz is due to unreliable double integration of the 
data taken from the accelerometer. 

Fig. 3: Beam spectrum after removing several malfunction 
horizontal correctors. This data is measured by the R1BPM8 
new electronics. The strong spectra line at of power line 
frequency and its harmonics are reduced drastically. Efforts 
to explore and remove various sources which deteriorate 
beam stability will be continued.

Fig. 4: The figure shows performance of linear and switching 
power supply in standard deviation. The standard deviation 
of 0.6 mA of vertical plane power supplies are due to 
analog-to-digital data acquisition module performance, the 
power supply performance can be better than 0.1 mA.
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rms o-rbit perturbation was induced from 1 m rms 

quadrupoles random motion, 10 nrad rms corrector noise, 

and 0.25 m rms BPM noise. The vertical orbit position 

variation can be reduced from around 30 m rms to less 

than 1 m rms after feedback applied as in Fig. 5. 

To study various effects on the performance of the 

feedback system, Matlab simulation scripts were developed 

to simulate the operation of fast orbit feedback loop. 

Response function of various components in FOFB system 

is included in the model for simulation. Functional block 

diagram of the simulation scripts is shown in Fig. 6. We can 

analyze that different BPMs have respective characteristic 

against disturbance. Factors which make impacts on FOFB 

such as various components dynamics, system latency, and 

optimum control parameters (PID gain) are studied. Major 

factors which will limit the loop bandwidth are from vacuum 

chamber and corrector magnet.  Several different kinds of 

corrector magnets were adopted in the TLS and their distinct 

responses will be included in the simulation for further 

study. The estimated frequency response of the feedback 

loop is shown in Fig. 7. It is shown that the perturbation can 

be reduced by factor of 100 at low frequency side, and factor 

of 10 at 60 Hz in the vertical plane.

Removing small singular value is adopted to avoid an 

unnecessary large corrector setting. The PID coefficients  

settings are therefore according to different eigenvectors. 

Correct modes with small singular value would have less 

weighting and not be corrected as more as other modes.

The functional block diagram of the fast orbit feedback 

system undergoing implementation is shown in Fig 8. All 

of BPM electronics are grouped by multi-gigabit links and 

transmit one single UDP packed precision beam position 

data in 10 KHz rate to the data concentrator of the orbit 

feedback system. Libera Brilliance is a building block for 

modern fast orbit feedback systems. Gigabit Ethernet and 

UDP/IP protocols are used as a standard data link for real-

Fig. 5: Vertical rms orbit can be reduced from  around 30 m rms (blue 

curve) to less than 1 m rms (red curve) after feedback turn on.

Fig. 6: Function block diagram for the fast orbit feedback simulation.

Fig. 7: Simulated frequency response of the fast orbit feedback 
loop in vertical plane. It is shown that the attenuation up 
to 40 dB at low frequency side and the 3 dB bandwidth is 
above 100 Hz. 

Fig. 8: Blcok diagram of the fast orbit feedback system for TLS.
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time beam position signal transmission to the fast feedback 

system. While the UDP/IP over Gigabit Ethernet provides 

a standardized and proven solution that enables the 

utilization of COTS components, the UDP and IP protocols 

are subject to a large data en-capsulation overhead, since 

the beam position data payload is relatively small. To 

overcome this drawback, Libera Brilliance units (up to 64) 

will be grouped together by a redundant multi-gigabit 

links via the LC optical links and/or copper "Molex" cables 

as shown in Fig. 9. The purpose of this link is to exchange 

the data among the Libera Brilliance units without the 

protocol overhead and send the gathered data via Gigabit 

Ethernet. Any of the Libera Brilliance units in a group can 

act as a Gigabit Ethernet group transmitter. The link is 

redundant and can survive in a single cable failure. The data 

encapsulation overhead has been significantly reduced. 

Libera Grouping is being tested. The group operation can 

reduce the traffic of the communication significantly and 

make the low latency communication which is essential 

for the good performance in the fast orbit feedback loop. 

Different functional nodes of the fast orbit feedback system 

share the 10K Hz fast orbit data via the reflective memory 

network include of the BPM data acquisition nodes and 

the feedback engine node. Another diagnostic node is 

used to capture beam position data via reflective memory 

as well. Theses data are very useful for orbit performance 

monitoring and feedback loop performance study. New 

corrector power supply with wider bandwidth and low 

noise will be accompanied with the fast orbit feedback 

system. Control resolution of the current corrector magnet 

power supply is 16 bits. Reducing the control range to 

increase effective control resolution will be adopted. 

The simulated frequency response of FOFB and related 

latency effects is ongoing. Frequency response of the 

vertical feedback loop is shown as Fig. 7. Detailed latency 

time analysis is performed. It is expected that less than 500 

sec latency can be achieved of the feedback loop. Measure 

the latency will be possible in mid-2008. Developing better 

feedback algorithm to increase performance of the fast 

orbit feedback system is also on going.

This report summarizes the progress of the implemen-

tation for TLS fast orbit feedback system. All corr-ector 

power supplies and all BPM electronics have been pro-

ceeded to be replaced by the latest generation products 

gradually starting 2007 and all upgrades will finish in late 

2008. The infrastructure of the control system to support 

the fast orbit feedback system is also modified during this 

period. All preparation works are in final integration phase. 

Intensive tests for various fast orbit feedback components 

are in progress. Simulation confirmed that the fast feedback 

loop can suppress various beam motions up to 100 Hz in 

the vertical plane and 50 Hz in the horizontal plane. All 

major works will be completed in later 2008. The orbit 

stability of the TLS for various operation conditions will 

be improved dramatically. As a result, fast changing of the 

insertion devices parameters can be achieved. In parallel, 

various stringent issues of the Taiwan Photon Source orbit 

stabilization system can be tested.   
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Fig. 9: Structure of the Libera Grouping.


