
Control

Network

Control

Consoles

V

M

E

H

O

S

T

16

Bit

D

A

C

16

Bit

D

A

C

Correction Magnet Power Supply

V

M

E

H

O

S

T

PC/Linux

WS/Unix

PC/Linux

16

Bit

D

A

C

PS Control
Analogue Sum

16

Bit

A

D

C

16

Bit

A

D

C

Super-period 1, 2, 3, 4, 5, 6 BPM

GbE Grouping

Corrector DC Control

VMEFast Orbit Feedback setting (÷÷÷÷5 reduced 

range)
Libera Group R1

Libera Group R2

Libera Group R3

Libera Group R4

Libera Group R5

Libera Group R6

PMC

RM

PMC

RM

V

M

E

H

O

S

T

PMC

RM

10 kHz

Rate

Data

Acquisition

GbE Interface
External/Post-mortem

Trigger

Photon BPM

Data 

Acquisition

XBPMs

10 kHz Rate Data 

Acquisition

V

M

E

H

O

S

T

200 Hz Rate

Data 

Acquisition

(200 sec 

Diagnostic)

V

M

E

H

O

S

T

10 kHz

Rate Data 

Acquisition

(8 sec Diagnostic)

DI

/

DO DI

16

Bit

D

A

C

PMC

RM

DI

Reflective Memory

Hub

Horizontal 

Plane

Vertical 

Plane

V
M

E
 H

o
st

P
o
w

erP
C

 74
4
8 @

 1 G
H

z

V
M

E
 H

o
st

P
o
w

erP
C

 7
44

8
 @

 1 G
H

z

VME

RM

PMC

RM

PMC

RM

Inhibit Control Inhibit Control

ILC12

Future Option

Libera Phton

Libera Phton

GbE Interface

GbE

Grouping

0 10 20 30 40 50 60
-15

-10

-5

0

5

10

15

20

Time(sec)

V
e
rt

ic
a
l 
p
o
s
it
io

n
 (

µ
m

)

 

 

BL10y

r3bpm2y

r3bpm3y

0 10 20 30 40 50 60
-30

-20

-10

0

10

20

30

Time(sec)

C
u
rr

e
n
t 

(m
A

)

 

 RCVCSPS21 current (mA)

FOFB status

FOFB OFF FOFB ON

0 50 100 150 200 250 300 350

0

50

100

150

200

250

r1bpm0y
r1bpm1y
r1bpm2y
r1bpm3y
r1bpm4y
r1bpm5y
r1bpm6y
r1bpm7y
r1bpm8y
r1bpm9y
r2bpm0y
r2bpm1y
r2bpm2y
r2bpm3y
r2bpm4y
r2bpm5y
r2bpm6y
r2bpm7y
r2bpm8y
r2bpm9y
r3bpm0y
r3bpm1y
r3bpm2y
r3bpm3y
r3bpm4y
r3bpm4ay
r3bpm5ay
r3bpm5y
r3bpm6y
r3bpm7y
r3bpm8y
r4bpm0y
r4bpm1y
r4bpm2y
r4bpm3y
r4bpm4y
r4bpm5y
r4bpm6y
r4bpm7y
r4bpm8y
r4bpm9y
r5bpm0y
r5bpm1y
r5bpm2y
r5bpm3y
r5bpm4y
r5bpm5y
r5bpm6y
r5bpm7y
r5bpm8y
r5bpm9y
r6bpm0y
r6bpm1y
r6bpm2y
r6bpm3y
r6bpm4y
r6bpm5y
r6bpm6y
r6bpm7y

Time (sec)

V
e

rt
ic

a
l 
P

o
s

it
io

n
 (

µ
m

)

Vertical Position vs. Time; Ib = 302.03 mA; 07-Apr-2009 04:08:03

Feedback OFF Feedback ONFeedback ON

Injection

every 60 sec

Libera Photon TestLibera Photon Test

• The commissioning of the new fast orbit feedback system 

has started from 2008.

• The reflective memory is employed to shares fast orbit 

data without consuming extra CPU resource.

• Libera Grouping is used to reduce Ethernet jitter.

• Pseudo-random binary sequence (PRBS) excitation is 

employed to measure system response and latency and 

then  choosing the proper correctors for FOFB. 

• The I/O latency time is around 500 msec. The computation 

latency is about 120 msec. 

• Singular value decomposition (SVD) is used to invert 

response matrix. Tikhonov regularization is also adopted.

• The new FOFB is promoted to suppress noise of 

bandwidth to more than 50 Hz from old 6 Hz system after 

all components are upgraded.  Increase loop bandwidth 

will be done after further study.

• There are several kinds of 

photon BPMs with different 

electronics and data acquisition 

installed at beamline front-ends 

at the TLS. To provide a better 

integration and efficient usage 

of the photon BPMs, integrated 

solution is in study. Evaluate of 

the Libera Photon is on going.

• Excellent results was achieved. 

Seamless integration with 

control system are foreseeable.

BIW10, TUPSM102,  May 2-6, 2010

Diagnostics of the 1.5 GeV Taiwan Light Source (TLS) has been continuously upgraded since 1993. The BPM electronics of the TLS 

have been upgraded to the Libera Brilliance in August 2008 to improve performance and functionality. Orbit feedback system is also migrated 

into fast orbit feedback system to enhance orbit stability. Commercial photon BPM electronics was tested recently. New generation bunch-by-

bunch feedback processor was tested to improve beam stability. Post-mortem diagnostic tools were also set up to clarify reasons of beam trip. 

These upgrades are contributed to improve beam quality and machine availability a lots. These efforts will be addressed in this report.

• The New BPM system has 

been commissioning in August 

2008. The long-term reliability 

is satisfied during observation 

for one and one-half years.

• The resolution of 10 kHz data 

could be achieved 0.2 μm in 

rms.

• Turn-by-turn data is provided 

by Libera Brilliance. Post 

mortem buffer with the length 

up to 256k could store beam 

turn by turn data before beam 

trip.

AbstractAbstract

New BPM System and Some Observation Delivery by the SystemNew BPM System and Some Observation Delivery by the System

New Orbit Feedback SystemNew Orbit Feedback System

Diagnostics Update of the Taiwan Light SourceDiagnostics Update of the Taiwan Light Source
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iGp BunchiGp Bunch--byby--Bunch Signal Processor CommissioningBunch Signal Processor Commissioning

Bunch Cleaning TestBunch Cleaning Test

• Grow/damp transient at 200 mA is measured.

• Damping rate is twice as fast as the growth rate.

• Damping rate is twice as fast as the growth rate at least for 

all three planes.

• iGp has integrated functionality 

for bunch cleaning.

• Apply excitation at the vertical 

betatron tune.

• The right figures show two 

cleaned out bunches patterns.

• Killed all bunches except for one 

bunch, used for timing 

optimization.

SummarySummary

• Diagnostics of the TLS has been 

continuously upgraded using 

available resources to improve 

performance and avoid obsolete.

• New BPM system and fast orbit 

feedback system are commissioning. 

Performance tests are presented.

• Photon BPM are testing.

• Testing of the iGp and Libera 

Bunch- by-Bunch are ongoing.

• Other diagnostic tools will be 

continuously added and built up to 

enhance system’s reliability and 

availability.
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The orbit distortion caused by septum 

leakage before and after chamber 

shielding. The excursion is improved to 

reduce around one half after chamber 

shielding.

Effect of the FOFB to suppress orbit excursion 

due to phase change of EPU5.6
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Grow/Damp TestGrow/Damp Test

Only the selected bunch surviveMost of the bunches killedCleaning is in proceed

Vertical planeHorizontal plane Longitudinal plane

Feedback TestFeedback Test

• Based on existed bunch-by-bunch front-end, back-end, and 

power amplifiers.

• Three planes was tested.

• Longitudinal feedback test – Beam stabilized in 20 minutes.

• Horizontal and vertical planes take a coupled of hours to make 

the system work.

• 16-tap FIR filter.

• One loop to stabilized instabilities in horizontal and vertical 

plane was also performed by using two peaks filter and got 

success results.

• Matlab filter generator allows independent control of gain and 

phase for X and Y.

• Lower X gain is intentional - to balance the two loops.

PostPost--mortem Diagnosticsmortem Diagnostics

Injection transient observed 

by the photon BPM (10 kHz 

rate data). 

Beamline #10 photon BPM 10 Hz 

reading signal related to the 

electron BPM when driving 

corrector with/without FOFB.

Photon beam displacement 

when the EPU5.6 phase 

changed with/without FOFB. 

Beam excursion could 

almost be suppressed.

• To identify the reasons of trips at TLS, 

various diagnostics tools are employed.

• An earthquake detector has been 

installed to reveal the consequence of the 

trip caused by earthquake.

• The right figure shows that an 

earthquake occurred at high sea of 

eastern Taiwan. The P wave arrive 

NSRRC site 42 seconds later. The S 

wave lag about 30 seconds after P wave.

• The SRF system trip happened 20 

second after S wave arrived. The trip 

was caused by the vibration of Nb cavity 

which resulted in deformation of the 

cavity and consequently provoked 

resonance frequency shift.

C. H. Kuo, P. C. Chiu, Y. S. Cheng, Y. K. Chen, K. H. Hu, C. Y. C. H. Kuo, P. C. Chiu, Y. S. Cheng, Y. K. Chen, K. H. Hu, C. Y. Wu, Demi Lee, S. Y. Hsu, Jenny Chen, Y. T. Chang, C. J. Wang, Y.Wu, Demi Lee, S. Y. Hsu, Jenny Chen, Y. T. Chang, C. J. Wang, Y. R. Pan, K.T. HsuR. Pan, K.T. Hsu

NSRRC, Hsinchu 30076, TaiwanNSRRC, Hsinchu 30076, Taiwan

The overall RMS orbit stability could be 

submicron from DC to 50 Hz.

Standard deviation of all BPM 

SA reading (10 Hz rate) can be 

reduced to 0.2 μm during 

FOFB operation in the normal 

user mode for the vertical 

plane.

The infrastructure of the new orbit feedback system

The beam orbit motions at 120 Hz 

caused by one problem corrector power 

supply. 

• Some fast beam motion could be 

observed by the new BPM system.

Sequence of the earthquake and beam trip

EPU5.6 Phase Change (1 mm/sec)


