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C++ Tango Server
• Sensor Tango attribute
• the number of sensor readings per cycle
• descriptive label
• weight
• minimum threshold value
• maximum threshold value
• dead-band
• sensor update rate in ms
• type of filtering (none, mean, median) when the number

of readings per cycle is higher than one
• Tango device allowed states
• list of actuators affecting the sensors

Feedback

• actuator Tango attribute
• descriptive label
• minimum threshold value
• maximum threshold value
• scan range
• RM kick; this value is used in response matrix calculation

and as the initial step in optimization algorithms
• maximum backlash (useful when working with motors)
• dead-band
• maximum difference between last read and set value
• RM kick settling time (msec.); this value changes

proportionally to RM kick amplitude
• constant settling time in msec.
• Tango device allowed states

Sensor configuration parameters

The MIMOFB implements a correction scheme based
on a linear model that link sensors and actuators. This
relationship is an approximation that is empirically
calculated by measuring the perturbation generated
on the sensors by one actuator at a time. The result
of this process is a matrix, formally a Response
Matrix (RM). The product between the inverse of the
response matrix, usually inverted using the Singular
Value Decomposition (SVD) algorithm, and the error
vector returns the values to subtract from actuators
to minimize the distance between the sensors and
the reference.

An “all in one” feedback and optimizer

At Elettra a programmable C++ Tango server, called MIMOFB (Multi Input Multi Output Feedback), has been developed to replace legacy applications
implementing slow feedback systems and to perform automatic optimization procedures.

Actuator configuration parameters

Optimizer
The MIMOFB implements only model-less
optimization schemes. In this case the objective
function F is the sum of the normalized distances
between N sensor values and corresponding
references multiplied by the sensor weights.
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PID control
Adaptive Response Matrix

Slew rate control
Deadband

Tunable repetition rate
Nelder Mead

SPSA (gradient)
1D-2D Scan 

Adaptive kick
Automatic rollback
Batch programming

Feedback keywords

Optimizer keywords
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[description];[actuators];[algorithm];[target function]
1. pre-injector energy; one actuator, pre-injector HV power supply; algorithm

scan-1D; booster accumulated current
2. pre-injector to booster RF phase matching; one actuator, rf phase shifter;

algorithm scan-1D; booster accumulated current
3. pre-injector to booster transfer-line orbit; four actuators, corrector magnet

power supplies; algorithm Nelder-Mead; booster accumulated current
4. pre-injector to booster transfer-line optics; two actuators, quadrupole

magnet power supplies; algorithm Nelder-Mead; booster accumulated
current

5. booster to storage ring transfer line orbit; four actuators, corrector magnet
power supplies; algorithm Nelder-Mead; injection efficiency

6. storage ring injection system; four actuators, HV power supplies;
algorithm Nelder-Mead; injection efficiency.

7. beamline photon flux; four actuators, position/angle at source point (eight
correctors); algorithm Nelder Mead; beamline photodiode

Automatic optimized systems

The optimizer is used routinely for tuning booster accumulated current and maximize storage ring injection efficiency. The optimizer is also employed (on
demand) in maximizing photon beam flux on a beamline by changing the orbit inside its undulator.

Red: optimization integrated in the automatic injection procedure
Blue: on-demand optimizations
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The batch programming for optimization

The optimization algorithm could run one shot or, by means of a programmable optimization scheduler, cycle between different combinations of
optimization algorithms and actuators.

The “Batch Programming” configures the optimization scheduler. 
CHV_PTBX.X are corrector magnets of a transfer-line (actuators) . The 
optimization target (sensor)to maximize is the booster accumulated current. 
In this example the optimizer executes:
1) 2D scan using CH_PTB.1.4 and CV_PTB1.4
2) Nelder Mead optimization using CH_PTB.1.1, CH_PTB.1.2, CH_PTB.1.3, 

CH_PTB.1.4
3) Nelder Mead optimization using CV_PTB.1.1, CV_PTB.1.2, CV_PTB.1.3, 

CV_PTB.1.4

Optimization
algorithms

Number of optimization cycles

Optimization of the 
Elettra injection 
efficiency by 
changing the two 
last correctors of the 
booster-storage ring 
transfer line

Optimization of the 
photon beam flux of 
TwinMic beamline 
by changing position 
and angle of the 
electron beam inside 
the undulator
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Optimization embedded in the sequencer-based automation framework (WEAL02)

The machine optimization process run unsupervised in the sequencer that injects beam into the storage ring till giving stable beam to the users.

1906 seconds to perform full injection 
procedure

• 167 seconds to optimize the preinjector 
phase and energy

• 77 seconds to optimize trajectory in the 
booster to storage ring transfer line

• 71 seconds to optimize storage ring 
injection system

338 seconds spent for machine 
optimization

Example of injection time budget

Execution time (sec.) of the optimization 
process during injection in the last 3 months
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Optimizations aborted due to errors


