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Design of a self-optimizing magnet power supply controller for Hefei Advanced Light Facility

DENG Chao HU Baojin ZHOU Liangyuan CHEN Yifei ZHANG Haiyan GAO Hui

(National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029, China)

Abstract  [Background] The Hefei Advanced Light Facility (HALF) is a fourth-generation synchrotron radiation
source based on a diffraction-limited storage ring. Its electron beam energy is 2.2 GeV, with an emittance target of
less than 100 pm-rad which requires stability within 5x107 for the magnet steady-state power supply and reduces
overshoot in step response when changing the current operating point. Due to the need for over a thousand magnet
steady-state power supplies at HALF, the empirical tuning method using conventional proportional-integral-
derivative (PID) controller parameters requires a significant amount of time. [Purpose] This study aims to design a
PID controller parameter auto-tuning algorithm for the magnet steady-state power supply of HALF, to achieve
optimal PI parameters. [Methods] Based on polynomial regression and genetic algorithms, an auto-tuning algorithm
for PI controller parameters was developed for the magnet steady-state power supply controller. Then, BUCK circuit
structure was adopted for the magnetic steady current power supply, and the simulation and physical experiment
verification of the prototype of the magnetic steady current power supply were carried out. Finally, this algorithm was
integrated with the supervisory computer system to record various data points. Development and testing of this
algorithm were conducted on the magnet steady-state power supply to verify the stability of the output current.
[Results] The test results of the power supply step response and output current stability show that the step response

achieves a smooth transition, and the rising speed is increased several times. The output current stability is within 1x
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10”°. The key technical indicators meet the operation requirements and significantly improve the debugging

efficiency. [Conclusions] The algorithm proposed in this paper provides an effective method for improving the

debugging efficiency of large-scale power supplies in the future.

Key words

algorithm

I T A8 it 8 Bk A LR PR 45 ) R
kG SR F 28 1 B 4] - A 43 - B 2 (Proportional-
Integral-Derivative , PID) 4% ffll 5 B , 4 3% 45 00 S 5 44
N — AL 3 PR U, MRS 2R G B AR A 3 1 1A
A e A T A AT T SR E 1 i S UK
BV, PR 22 56 32 0ok T 30 R PID 45 i 2%
ZHL XTI IEAME ZE R A% VR JE B AR
ERNE SRy INTTHER AR VS R Ve = &I
e SEBR B E T 28 AU R X PID 45 i) 2% 2 4L
H R SRR R S R U . SCERL4 TR T
— BRI T RN R N 2 S A B e TR 1% 0TV A N
PR RS 2R &, W LAAREE 28 G2 S Bl 2 e 18 3k
17 B B AE IR B I AN 2 G 0 R W] e 2 E0A
KRRGARE , TWENNBE NSHIRZ , IF Hnt
M) [ 9, AN G 4% 43¢ PT 428 | % a0 aak , PR 1 FL sl F Ak
SCHRLS 192 H — ety w48 ) 28 5 50K 42 11 A 45 5 1)
TR H 22 W 2% 240 B H8 8 B0 12 BV Re g SR AL
Ui Bhas e BNV SRR, T AR & R G 45
KRB S N R B AL, B RS A B8,
AT 2 ] e A2 45 e K ELME LA RS s SCliRL6 142
tH— M T AL SR S B B B e Tk R TR A
JRRAGRE 15k, BERS AL R I 15 2 4 [A) vp F 4k e
S M A S 38 I B 0P RS A M L e 5 i 0 A SRR 1)
PERE NI 2 25 5, 7 ST BT Bd N ek 4, B 3l Ak
FEEA L

N TR A IR S i 6 YR (Hefei Advanced Light
Facility , HALF) 4 25 A2 i R 1 R R, ¥t 1
— PRI 22 T ] A RN 3 A SR I P ) 5 2 8K
B RS, ZREEARERERENRGMA
iy B 5 R A 2 T RSO T R gk e
() H A R, PR FH 8 A% SRS 3 4 R TG BN 1) B
e, B Jo AEREBRAS IR R IR L EEAT T, S5 4%
GAWEARIE AT XS LG B B AT AR
22 L PID 5| R AN 72

1 EENE

1.1 ZInsK[E)3

2 I m] VS 2V ] U A — g™ e, 5 1 il 2
KA Hodh , A0 B [ A2 AN AR B 2 AR AE B IR LR

Hefei Advanced Light Facility, Magnet steady-state power supply, Polynomial regression, Genetic

PRI R, I BN AR R P R YK TR I T S A
P, AT E i 400 & B ROkt e . R0,
T A SRS S NG S R B TR 2 s — %
fash, SEGL AT, e PR A4 AT
LA K, B e =k 2 W E e, Bk anstcD.
f(x,y) =a,tax+ax +tay+ay +asxy (1)
e N PTHI 88 1) K sy NPT 28 1) K
N T A IR £ (x, y) B AT B Hb Sk
BT B85 o5 AR AR 3, TR B RAR 22 AT g/, il
BRI A 2215 A e /N B e/ 35 S U SRR A i
2, Q) PR
S o= [ f(xp) - ST )
o ARE R 22, S, 9 PLIZ I 3% 2 Bl 5 b (1 Fa
EFE
B NA SN S (x, ), R & 72
BT R AR 15 BB/ — ik LT RE A, A
A=), FX I T 4T, 304D,
Lox, xt yoyiox
A, :
1 x, x; v, yo X,

f(x)
i
(x,)
A, 0=y (3)
no EIM’V}
zjzleyi zlley,- zlleyiz s

S (x)

: (4)
z?: lf(xi’yi)xiyi

i 2%, B ()i A FE e S ] A 2 I &
£, BB REERAR R VR OC T R G A€ B 1 H br R £
1.2 BEEE

19 A SRV AR AU A W e A 2 AR M 5K I R
T, @ I A SR IR B FRAE — AN I I S (A Y
ANWE T AR AR B N A E O S
AT 7R A T RRRE R AR A B PLIE I 28 2 4K

050201-2



% AR

2025, 48: 050201

7 HME RVIIG AP BE , BE R AR IR S T R g ha e
J5£ 11 B A bR BV R ad N bR B, 1 I AN T A Y AR
S G B D R B, B 415 B A R VU N Y i
fefit™,

HFEHIT =N AT

(1) 2 R i AL < g A (7] 1R S 2 FH — 3k i) = 45 o
TR AT E TR — AL N Bk — e, R
T PRAUE A Wi D¢ 2R R AT, AR B3 ) 11550, AT 49 2%
IS R SEH

(2) & N FNE R & NS RN RS e ¥
(9 H A R, AR 3G A AN]SR 38 o
BR B A B /)N, X P 0 N B R T . IR RS
584 DL N B RO 5 1), Bl e 608 I v A
s T B R PR I SR JR R B I » SRR R )«
T N PR T B R M R Ry O I R R, I
FEMME 2R, HOR B = 1= (5) .

p=r ) D f(xp) (5)

(3) R XA G A XARR AR H AR E]

SEET A, TAVMARE IR I 4 R F 5035, i R H
BESE, X B AT A AR BEALA = A . SEMA N gL
BESEAMAE g, BTN g 2 XA NS0 C6) o il i
X AR RE R AR AR S, (19 L IR BEAS R B
SRR B BESE, fERE AN B AR AR SO, A
TR DR A Z R . 28 XU RS A AR
RN, T2 —E MR EA, H 2 REIE TR
AIR T TEIFEAT 5 - ELB L0 =) 3 B A i o
q"'=aq,+ (1 -a)q; (6)
Xrrea v 0~1 HIBENLEL .
13 #EHRGEERRT

BT 2 1t 2 m] VA R 3E A% SR Y PLIZ 1] 2% 2 4L
H B € SO0 % Gt PID 42 S 3E 4T 1 B S A it
SINT SHABEHS . ZEIEKBR RN RS
N H O S AR ) 2R 8 0 HE P B 1 iR,
25 T[] V508 i A\t R AT R, B 2R T AR
GLasE B H AR B F M A% A AT S0, e
KRR PISHL.

Optimal PI Genetic Polynomial L Output
Parameters < Algorithm Regression < Siabilily <] Sequence S
Parameter Update K, K;
r o+ Controlled S

PI Controller

Object

Feedback
Channel

1 EHRGITHER
Fig.1 Block diagram of the control system

2 BENESIRRRT

A N8 S BE 6 U5 R BR AR R H YR 42 ) 4% R H
ZYNQ-7000 %451 & G 965 F (System on Chip, SoC)
TE LI HIE |, 5 UM% ARM Cortex-A9 5 3
3 A] %% 2 11 F% %] (Field Programmable Gate Array,
FPGA) , R 4H 17 v B 1) 2 35 PR A 5K (1 40 2 RE
M FT 4 AR 32 AR O3 e T e R R R B e A%
(Analog-to-Digital Converter , ADC) 5 73 # 5 ik it
1 1] (Pulse Width Modulation, PWM) , JF 18 idf /5 2%
Ay f& % 1 (Advanced eXtensible Interface, AXI) &
LRSI T A AR E S T AP R G i A AL
H. RGIEIERS485 2k 5 AHLAC Bl 5 i 15
AR g H YA 42 1) 2% 3, [ IS TEC 46 W5500 BLK R AL
R 2% il ePort-G 4 i X RI45 $7fi & GE 15 3 1% vl 5 T
I, AL DAK WA 2% 78 24 FL U PRz R o 24 i

ANHALF L 2K EPICS =il &4, AWM HEE R
g HoAth 4400 B (RR LR f TR AN HE LR S5 , 7 B
Iy HER AR FE R 2 B IE 1) A/D F#a% . JERk x5y
HE R A{E 16-bit. K £ % 200 kSPS (kilo-Samples Per
Second) [ % i# i ADC 1) EL 5% , 3% & ADI 23 &) )
AD7606 1 2k Aa i FL IR 3% il 4% ¥ 2 i 18 A/D ¥
Wi, 1% 5% e W HERFA IR S5 FE 5 AR, 8 40
PURBILG, °T LR YRS NS 5 IR B IR B A S 1
B NN ], B M O S A S, T A B TR
Ko B2 9 R S ' R Rk R A R R A ) R
SV

TE LI PR R R GE R, 0T A/D 45 1) ik
BEXRET, HTHIEZEREDNSHFER1x07, 2
DB 18 ALK ADC A fg i /& K, % R il A R
(10388 FH P , 7 B 78 Bh A P e YR A, 75 2 v Rk
SR LU K I L R 7 R, ADI /A #] ) LTC2377-20

050201-3



X EEAE: H RS RE R Bk AR A A % vt

Control Card Core Board

=

slol 0-€101/22-¥ ElL

AZ 3SYQ
Sd—TdSN

2 ARSI P AR IR R S
Fig.2 Snapshot of the magnet steady-state power supply controller board for HALF
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Fig.4 Block diagram of magnet steady-state power supply
power converter module
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Fig.5 Structure diagram of the control section of the magnet
steady-state power supply based on a BUCK circuit
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