Worksheet for the afternoon course
“Tune measurements simulated with a DSP card”

CAS Tuusula, June 2018

D. Alves, S. Sadovich, H. Schmickler

1. Introduction

In this course we will be replacing the betatron oscillations of the beam in the horizontal
and vertical plane by two parallel LC resonators. The basic learning objective of the course
is:

e Understand the different ways of stimulating transverse beam oscillations in time
and frequency domain.

e Understand the signals of these transverse oscillations collected from a beam
position monitors in time and frequency domain

e Generate various excitation modes with the help of an evaluation board carrying an
“Analog Devices SHARC DSP processor”. The same DSP is also used for a treatment
and display of the resulting “beam oscillation”.
The whole measurement sequence is programmed in C++, but the code is freely
available and can be modified by skilled students.

e Generate a principle understanding of the necessary signal treatment for tune
measurements and exercise the use of a simple two channel oscilloscope.

2. Description of the setup

Below the complete schematic of the two LC resonators representing the “beam”. The
schematic has been generated with a freeware simulation tool, which is already installed on
your computer.

http://www.linear.com/designtools/software/#LTspice

With one jumper (SW3) on the beam PCB you can change the resonant frequency by adding
one capacitor in parallel. Also you can put into another jumper (SW2) in order to put a
resistor in parallel to the LC resonator. This emulates different damping times of the beam
(i.e. chromaticity). During all exercises you can manipulate these jumpers and look at the
resulting differences.

Please locate all components on the board...if you know a little of electronics you can read
the values of the resistances from their colour code.


http://www.linear.com/designtools/software/#LTspice

Both, the tool and the schematics are on the indico website of the CAS course and are
installed on the course computer. This way every experiment can also be simulated and the
results compared to real measurements. Some of the simulation snapshots will also be
included in this document.




LTspice simulation:

and its response for an excitation with
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The snapshot below shows the schematic (one beam

a single pulse of 20 us length (exercise 3).

A0 = (200u)A Autod Bunesado @ *(zooN)A 10/d 033211

- GowzoourupwizoEsind
c0’o ueny’

i JEEPEEFEEEFHEFEFEFS HS

w
11

JHTRUO ¢

swz|

(zoou)a

OH78uQ 3 [JHTRUO AF

do ¥F

GO { T ? PP WAG Y REBEHDEF Bevelu x|4%H A ISE

dpH  mopuify sjoo] Ienwis  maly  Aydseriy wp3 I

r_.lM.wll_ e i

DHTRUO - IAX 3210517 LT
)




3. The DSP development environment

The DSP development environment is preinstalled on the note-books, which are linked by a
USB cable to the evaluation kit.

After startup first the course project needs to be opened:

- Download zip file with project from the indico page of the afternoon courses in
Tuusula.

- Unzip file to Desktop

- Import project into VisualDSP++

B 2nalog Devices VisualDSP++ - [Target: ADSP-21489 Platform 0] = O x
File Edit Session View Project Register Memory Debug Settings Tools Window Help

New 'R ELBRo o MAACHTEI| AR (W2 P
[ open & Fle.  Ctl+0 ’

Save L4 Project...

Save As » | Dby Project Group.. = B H=Nnill-%=;
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Print Preview

Page Setup...

Exit
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u Analog Devices VisualD5P++ - [Target: ADSP-21489 Platform 0]

File Edit Session View Project Register Memory Debug Settings Tools Window Help
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Libraries
=
This PC
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] ﬁ Project I
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NUM 4

The software is not written with a graphical user interface. It is a single program, which can
do all steps of the exercise, but for each step the program has to be recompiled after one

has modified a parameter file, which configures the program for each step.

The parameter file is called “Settings.h” and the following picture shows part of its content.

The meaning of each parameter shall be described in each exercise.



Configuration file: Settings.h

Analog Devices VisualD5P++ - [Target: ADSP-21489 Platform 0] - [Project: CAS-TuneMeasSystern] - [Settings]
File Edit Session View Project Fegister Memory Debug Settings Tools Window Help

8 x

SPORT1_isrc

#define SINGLE_FRED VAL 2000.0f - frequency of stationary sinusoidal excitation
(23 Linker Files

=123 Header Files #define CHIRP_START_FREQ  500.0f -~ linear chirp start frequsncy
ad193%h #define CHIRP_STEP_FREQ 40 0f ~~ linsar chirp frequency step
ADDS 21489 EzKih #define CHIRP_NUM_FREQS < linear chirp I_]umber_:lf frequency steps
bich = - #define SWEEF_HOLD_OFF_ ITERATIONS 64 4 number of iterations on each frequency step
btc_struct h #define DFT_START_FREQ S00.0f ~ DFT start frequency
Settings.h #define DFT_STEFP_FREQ 40.0f ~~ DFT fregquency step
README tat #define DFT HUM_FREQS ) A DFT number of freguency bins

#define EXCITATION_AMPLITUDE 0.99f - excitation amplitude (-1 .0f < wal < 1.0f)

#define FILTER_ON false .~ switch filter onsoff
#if defined FILTERE ON
7 Band-pass filter [1 2kHz - 1 BkHz]
#define FILTEE_ORDER
static double h[FIZLTER_ORDEH+1]
static double a[FILTER_CRDEE+1]

= 0.0f, -1.0}; ~ feedforvard coefficients
static double filterInputGain = 1.

32372878; /- fesdforward filter gain
Fendif

~« SETTINGS — END

#define TRIG_TABLE LEN 1024 -~ WUOST BE 4 POWER OF 2111

extern float PIL:

= extern float TWOPL;
Project <

o,
o1 88887‘01184 —0.9243904917}: ~ feedback coefficients
.

D@ & 0 MECRTE | 4 i ®
42K B O b B TS TuneMessSystem | Debug V| £ =
HERE & i El®H
Project: CAS-TuneMeasSystem.dpj x #ifndef _SETTINGS H_ ~
#define _SETTINGS_H_
Project Group: I0Test {1 project)
= [} CAS-TuneMeasSystem #define NUMBER OF SAMPLES 256
=3 Source Files enun OUTEUT_TYEE {
block Process_sudio ¢ SINGLE_FREQ = O,
init193%viaSPlc SWEEE = 1.
init_PLL_SORAM.c II‘%%EEE 543
initSPDIF ¢
intSPORTO1_TDM_mode.c
intSRU.c ' SETTINGS — START
Main.c #define USED _OUTPUT_TYPE SINGLE_FREQ .~ mode. one of OUTPUT_TYFE (=e= above)

Ioad conplete

Loading: "“swcern.chhdfshUssrshdhdlouroal~Desktop~CAS-TuneMeasSysten—Final-Debug CAS-TuneMeasSy=sten dx="
Load conplete

Ioading: "“weern.chhdis Userstdhdlouroal-Desktop~CAS-Tunelea=Sy=ten—Final“Debug-CAS—-Tunelea=Sy=ten. dx=" . . .
Ioad conplete

Ioading: "~cern.chhdfssUssrssdrdlourocal-Desktop~CAS-Tunelea=Systen-Final~Debug~CAS-TuneleasSysten d=ze". . .
Load conplete

w
w

\Console A Build /

E Output Window X
o
=<

Line 14, Col 77 JScript

NUM

DSP environment, compiling.....

The following screen shots explain the various steps of invoking the program, compiling the

code and loading the executable code into the DSP for execution.
More explanations will be given in the course.




Build project (first time you build it after importing):
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Build project (subsequent builds):

"1d_i9O1} BIeIXs
1612 30 3404 ¥ 23 1SGH <~ $Z0T NIT FIGVL D1YL SNT)eps

ax3 - w.,h_rmwhw
QIeh IDITIF PAVAIOGPSS) oo TBLB2LEZE 9270 1 ¢ DICOITANIINI[TI SIqNOP ITIeIE
BINSIDNJIS00 OeqpeR) oo ((LT6P06E0Z6 O~ “PSTTOLSB88 T O oM - mﬂoﬁgnﬁsz ¢ Sqrop IT1eIS
SIUSTOTIS00 PICAISIPSS] + {0 T= “J0°0 "0 T} « [T+YIqHOHILTIZIQ S19nop OoTIeys
3 43380 14 Sutieps
{=H4e T - =HaL 1) 2037%) saed-puey .
ROTMILTIY poustiep jtr
150,80 J03TT] YOITAS s 9819] NO 1132 #=Tj9ps

(30T » T®4 » 30 T=) SPnITTdNe WOTIOITINS - J66 0 PORLITIRY SOILYLIOX3 SNTieps
suLg ASaendali JO raqunu 149 08 SOANI RN LA sutjopy

Ga3s Ascondexy 14G /- 30 0% 0383 &31S 130 e=tjepy

Aouenbazj 11€3% 130 ~~ 0 005 0343 14YIS™13] S=t39ps

deis Aousnbax] YOee UO SUOTINISIT JO ISqWnu o 99 SHNOILYHILII 3307 TdI3NS WWE1iepr
54515 ADUsabal) (O Jegenu dITyd IeSAT] .- 05 “SHIRD SuYiepy

days Acueabar) dyigd xeoury - 30 0F 038] dRLSTANIND eurieps
ASubnboxy jreis dityd Jeeury oo 30 005 OBME LNVISTSNIND e=rtjepr

SOTINITINS [EPTOSNUIE AIEROIIVIE o Aousnbesz; .- 30 0002 TYA OEHITITONIS %t japs

(esoqe 99%) FALTINLLAO 10 SU0 “Spos . DB RTONIS FAALTLOALNOTQRESQ SATIepsr
INVIS - SONILIRS <A

957 SITIRYS 30 WITRON S=T1jops
THOSONTLLES T !:owu,

v HCSONILLES jopujts |

Epaoe| agemrolvre@ass e ¢%d)

N Wusgr 17105 v wn w¥and s s sppngry|
< o [ ora Y sy \ W
~ < $
U )
LOKR S ITASSRORIEN LSy ANQeT . T O S IR SASEROROUN | ~SY NSO A\ I SOINOTIA PN SIS\ P = B 0
JENP WS IRASSIGRIGN L-SY ) BNQW] VUL - NS I SASIRSHSUN L «SY 1 COINES] [ SOINO TP P BISA[ S TP 5 v = J
LD RO SLCSEOROEN | ~Cy SOQaE 10U L 05 RASTOORAUN | —Ay SO HSA] [ SOOI PP SIS\ 0 I 9D N < c..
~ P xX
< Ml =
A ‘Id0AL 99T sseaxe || i

o -

mym| R . topg|a  wadgwepn)Sv) ﬁ. %t x|
Aav| urey c&woyw nGlawy| sl eone| @l

xigi~ dpH wopulf o] sB0aps Bngad Louwsl manal @ R wend W] W [

X O - [s6umag] - [wantigseappun Sy Dug] - [0 woRng L6112 eSQY WML - « »g5guema, s92mag bogroy B




WSt 1219 yLwn bumvny

L AT

A1njsseccas paerdeod pring |
_ Bavyury

SIS LLN0ISN

TS

O ESITUTY

SIUGTDLF SO0 A2NQPIS] - “{L16206C926 0~ “PRLI0LE088 T O

- > [
“1d0aL 1e01; uios s
“1d_31%01j uiod

1112 20 ¥3A0d ¥ 38 LSOK </ $20T NITTITAVITOINL outjeps

uteh 19111} PICAIOIPSD] /- ‘SLBTLELEL 9 ‘T e UTEOINAUIISITL] SIQNOP DIINIS
0} = (1+430H07NIALTI)® S1q™0p drieis

T} = (T+430¥0TNILTILIG O1qnep driess

7 ¥3080° %3114 eut;eps

(=848 1 - SH4Z 1) 2313} pueg s/

[T [ = 1]

SIUBIDT}JE0O PIeazo;pee) ~- {0 I~ 30°0 'O

(3o > tea >

¥ peops 03 w00 00 PIYPOW WIq ey wasbosd sy Jops

dois Louander} § anprussisserppuny Sy \Bngg ° jops.
s=doss Ui ig ey n -5y \

3
UOTIVITING [OPT * *dsOuenas -“u

(Sacqe @o%) JAALTIOALNO 3O om0 “opow o/ DAY ITONIS 3dALTL04LN0T(GRSH Sutjeps
1¥Y1S - SINILLIS //

«
€ = 3ISINARI
i
0 = OBNITITONIS
} 24417103100 wnue
=0 SN wopigeeopeun) -SyD © ©
o) » b (o 1) woy x oo ey (Q)
_ outjeps
BrepE| agertclon Ba®T e ¢ WAl
4% 9| S Y 9 (v e x e
dav| urvy e dyw ncawy| creone0] )
xe OPF mopwil wool Houws oY Aousii A6y G vk wewt W] i §
x 8] ($65ugaag] « [wanlssepEen | 4w 960ig] « [0 WeoRng 212 2SOy 325y ] « ..&Q..R....tva.-un.v.ﬁ.ﬂ.n




Load compiled binary into DSP (automatic):
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Load binary file to DSP (manual):
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Exersises:

Exercise 0: Getting familiar

Put the setup into the mode of “continuous sine wave excitation” (=: SINGLE_FREQ) and
make all connections to the DSP.

Use one channel of the oscilloscope to observe the excitation signal of the beam, the other
channel to observe the beam oscillation. Choose as excitation frequency 1000 Hz, (re)build
and run.

Parameter page:
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; TABLE_LEY 1024 ~~ HUST BE & POVER OF 2111

Ha Toes
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Build coupleted succsssfully

T Corede )\ Build T«

HE e

Halted Line 16, €ol 31 J5crgs [

Details:

Ao SETTINGS — START

|zdefine USED _OUTPUT _TYPE SINGIE_FRET r/ node, one of OUTPFUT_TYPE (=ee abowd)

define SIHNGLE FEEQ WAL 1000 .0f ~/ Mrequency of stationary sinusoidal sxgi

#define CHIREP START FREQ E00.0f ~ linear chirp start fregquency

#define CHIEFP_STEF _FEEQ 40.0f ¥ linear chirp freguency step

#define CHIEP NUM_FREQS 50 s linear chirp number of freguency step
#define SWEEP HOLD OFF_ITERATIONS 64 - numnber of iterations on sach fregqudn
tdefine DFT_START_FREQ E00.0f ~ DFT start freguency

#define DFT_STEP_FREQ 40.0f ~~ DFT frequency =s=tep

#define DFT_HUM_FREQS =] < DFT number of frequency bins

#define EXCITATION_AMPLITUDE 0. .99f . excitation amplitude (-1.0f < wval <

#define FILTER _ON true .~ switch filter onsoff
#if defined FILTEE_OH
< Band-pass filter [1.2kHz - 1.8kHz]
#define FILTER ORLER 2
=tatic double b[FILTER_OEDEE+1] = {1.0, 0.0f, -1.0}; ~~ fesdfocrvard co
static double a[FILTER_ORDEERE+1] = {0.0. 1.8888701154. —0.9243904917F; §~
=tatic double filterInputGain = 1.0-26.32372878; »~ fesdforward filterflg
#endif
< SETTINGS — END

—




Getting the realtime displays generated by the DSP:

Analog Devices VisualDSP++ - [Target: ADSP-21429 Platform 0] - [Project: CAS- TuneMeasSystem] - [Settings]
File Edit Session View Project Register Memory Debug Settings Tools Window Help

#defins FILTER_ON falss -~ switch filter on/off
#if dsfined FILTER ON
#/ Band-pass filter [1 2kHz - 1 8kHz]
#define FILTER_ORDER 2
statioc double B[FILTER_ORDER+1] =
static double a[FILTER_ORDER+1] =
static double filterInputGain - 1.
#endif
. SETTINGS — END

#define TRIG_TABLE _LEN 1024 - HUST EE & POUWER OF 2111
extern float PI:
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Editor Tab
B X |5 7 tem | Debug v Dy,
R Workspaces v .
hEE & O Project Window
Project: CAS-TuneMeasSy | v | Qutput Window CSETTINGS_H_ ~
P o CSETTINGS_H_
B Froect Group: I0Test |- =
= Gy CAS-Tu | Debug Windows 5] Disassembly 256
£33 Source Files VDK Windows *
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Man.c #defi = node, one of OUTPUT_TYPE (s== abowe)
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ker Files
23 Header Fies #defins 500 .0f - linsar chirp start frequency
2d1939h #defins 40.0f -~ linear chirp frsquency step
A0DS 21488 Exkih #def ine 50 s linear chirp number of frequency steps
wer #def ine RATIONS 64 + nunber of iterations on each Erequency step
c
bio_stucth #define DET_START_FREQ 500.0f - DFT start fregquency
Settings h #define DET_STEP_FREQ 40.0f -~ DFT freguency step
5] READMESe #define DFT_NUM_FREQS 50 ~7 DFT nunber of [regquency bins

#define EXCITATION_AMPLITUDE 0.99f -~ excitation amplitude (-1.0f < wal < 1.0f)

0, 0.0f, 1.0}, ~v feedforward coefficients
0, 1.8888701184, —0.9243904917}; -~ feedback coefficients
£.32372878. -~ feedforward filter gain

~ extern float THOPT v
-3 Project < 5
x|[ NinitSRU.c ~

“Hain o
o B ~SPORTL_isr.c
2| Linking.”
5 | Build completed successfully
z
B v
S | Consdle ,Build / < >
Restores a saved plot window Hlted Line 16, Col 62 JScript NUM
Load AmpDft.vps, AmpMix.vps and PhaseMix.vps:
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Fle Edit Session View Project y Debug Settings Tools Window Help e %
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| X | % B B CH5-TuneMessSystem | Debug v By
O LT M G
Project: CAS-TuneMeasSystem.dp] | 3 || [~ #ifndef SETTINGS H_ ~
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Project Group: [0 Test (1 project)
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43 Source Fies enum OUTPUT_TYEE {
| blockProcess_audio.c
it 193%viaSF o Select Plot Settings File b
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| extern float PI;
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Project P >
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Right-click on any plot window to setup auto-refresh settings.

File Edit Session View Project
Ui B
= & i

Project: CAS-TuncMeasSystem.dpj | x

=}y CAS-TuneMeasSystem
£ 23 Source Files
B blockProcess_audio.c
nit193%viasPle
int_PLL_SDRAM.c
intSPDIF.c
intSPORTO1_TDM_mode.c
intSRUc
Main ¢
SPORT1_isrc
(2] Linker Files
=23 Header Fies
2d1933h
ADDS_21489_EzKith
bich
bte_siucth

Analog Devices VisusIDSP++ - [Target: ADSP-21439 Platform 0] - [Project: CAS-TuneMeasSystem] - [Settings] - o %

Register  Memor

CAS-TunehleasSystem

Debug Settings Tools Window Help
B E P

~ | Dabug v

BmRa i

#ifndef SETTINGS H A

Power spectral density alx
#define _SETTINGS H_

#define WUMBER OF_SAMPLES 256 ation (purple)

Dsta Cursor

enun_OUTPUT_TYEE {
SINGLE FREQ = 0,
SHEEP - 1,
NOISE -

Reset Zoom

Configure...

THEULSE = 3 Modify Settings... ;
Save Settings... Line Plot
v SETTINGS — START Export
#define USED_OUTPUT_TYPE SINGLE FREQ ~/ mods, oms o ||  BPo- i
Auto Refresh
#define SINGLE_FREQ VAL 1000 .0f - frequemcy of = | 0% it Retres 4%

Auto Refresh Settings...
#define CHIRF_START_FREQ 500 .0f /-~ lincar chirp
#def ine CHIRP_STEP_FREQ 40.0f #/ linsar chirp
#define CHIRP_NUH_FREQS 50 ¢ linear chirp
*define SWEEP _HOLD_OFF_ITERATIONS B4 ~ number of

| Allew Docking

Close

EE-

Float In Main Window
#define DFT_START_FREQ 500 0f ~v DFT start freq
#define DFT_STEP_FREQ 40.0f ~¢ DFT fregquency
#define DFT_NUM FRECS 50 /¢ DFT number of

#define EXCITATION_AMPLITUDE 0 99f ~~ excitation am 1,000.0

#define FILTER OF false ./ switch filter on/off Line Plot
#if defined FILTER ON
#/ Band-pass filter [1.2kHz - 1.8kHz]
#define FILTER_ORDER 2
static double B[FILTER_ORDER+1] = {1.0, 0.0f, — Detected phase - X

static double a[FILTER ORDER+1] = {0.0. 1 88887
static double filterinputGain = 1.0.26.32372878

#endif

< SETTINGS — END

#define TRIG_TABLE IEN 1024 - MUST BE A POVER OF 2
extern float FI;

extern float TWOET:

extern float cosTable[TRIG_TABLE LEN]:

extern float sinTsble[TRIG_TABLE LEN]:
extorn float trigTablelenOverTvoEis

1,000.0

2,000.0

extorn float twoPiOverTriqTablelen: v Line Plot
Project 5
X Toad complets ~
Loading: "“cern.chdfsUsershdsdlouroal Desktop CAS-TuneMeasSysten—Final\Debug CAS-TunsieasSysten. dxe" .
Load complete
£ B S P Y
a 3 v
K ', Console /i Buid ]| < >
Running Line 16, Col &2 JScript NUM
lew  Project r Memory Debug Settings Tools Help {
[ G
) CASTuneMeasSystem | Debug v [
g BN
Project: CAS-TuneMeasSystem.dpj ~ | || [ [#iEfndef _SETTINGS H_ ~ | Power spectral density X

|5 Project Group: I0Test (1 project)
= [3j CAS-TuneMeasSystem
£ 23 Source Files
E] blockProcess_audio.c
int193%viaSPle
int_PLL_SDRAM.c
intSPDIF.c
intSPORTO1_TDM_mode.c
intSRU.c
Main ¢
SPORT1_isrc
(2] Linker Files
=23 Header Fies
2d1933h
ADDS_21488_EzKit h
bch
btc_stucth
=] Settingsh
README td

Project

#define _SETTINGS H_

#define NUMBER OF_SAMPLES 256 on (purple) & respo

enun_OUTPUT_TYEE {
SINGLE FREQ = 0,
SHEEP
NOISE - 2z,
THPULSE = 3

Auto Refresh Settings
) Line Plot
7+ SETTINGS - START Dptions

#define USED_OUTPUT_TYEE STNGLE (5 |Jsemun/hak method

#define SINGLE_FREQ VAL 1000 @ UseBTC [10Channsls defined]
#define CHIRP_START FREQ 500
#def ine CHIRP_STEP_FREQ 40
#define CHIRP_NUH_FREQS 50
tdefine SWEEP _HOLD_OFF_ITERATI

Refresh rate [msec]

BTC Modes

@ Transfer an array of data

#define DET_START_FREQ 500
#define DET_STER_FREQ 401 O Sample a test point over time
#define DFT_NUM_FREQS i

Memory direct (o channel reauitad)

#define EXCITATION_AMPLITUDE 0 1.000.0

#define FILTER ON false // swi Datalogfie ) Line Plot
#if defined FILTER ON FeE—— [[] Missing data indicator
#/ Band-pass filter [1. 2kH{ onvertla . -9933.33
#define FILTER_ORDER 2
static double B[FILTER_ORDE X
static double a[FILTER_ORDE Cangel

static double filterlnputs.
#endif
< SETTINGS — END
#define TRIG_TABLE IEN 1024 - MUST BE A POVER OF 2
extern float FI;
extern float TWOET:
extern float cosTable[TRIG_TABLE LEN]:
extern float sinTsble[TRIG_TAELE_LEN]:

extern float trigTablelenOverTwoPi:
eutern float twoPiOwerTrigTablelen: 4

1,000.0 2,000.0

Line Plot

ST P
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T

X Load complste
Loading
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=l . LSORTIEL
113 ', Console /i Buid
Ready

K3 >

Line 16, Col 62 JScript NUM



Right-click on each plot window and enable auto refresh:

Analog Devices VisusIDSP++ - [Target: ADSP-21439 Platform 0] - [Project: CAS-TuneMeasSystem] - [Settings] - o x
File Edit Session View Project Memory Debug Settings Tools Window Help
[ G P
Dy o] CAS-TuneMeasSpstem | Debug v gy
HENE & i iBmB o
Project: CAS-TuncMeasSystem.dpj | x Fifndef _SETTINGS. ~ | Power spectral density alx
#define _SETTINGS H_
[5 Froject Group: 10Test (1 project (
= ﬂjﬁiﬂl;s;:z“) #define NUMBER OF_SAMPLES 256 ion (purple
=3 Source Fies enun OUTPUT_TYPE {
[E] blockProcess_audio.c SINGLE_FREQ = 0. Data Cursor
int193%viasSPle SHWEEP = 1, Reset Zoom
init_PLL_SDRAM.c I;S%'EESE z 3 =
intSPDIF.c Configure...
itSPORTO1_TDM_made. Modify Settings.. Line Plot
intSRU.c v SETTINGS — START Save Settings.
Manc #define USED_OUTFUT_TYPE SINGLE_FREQ -/ nods, one o E g5 I
ol Export..
SPORT1isrc #define SINGLE_FREQVAL 1000 .0f ~ frequemcy of = | D& | - %
(2] Linker Files Auto Refresh
=24 Header Fies #define CHIRP_START_FREQ  500.0f ' linear chirp s
2d1933h #define CHIRP_GTEP_FREQ 40 Df -/ linear chirp £ Auto Refresh Settings...
#define CHIRP_NUH_FREQS 50~/ linear chirp n
;D?WUW‘EE*EM”“ #define SWEEP HOLD OFF _ITERATIONS 64 -~ number of i 4| Allaw Dacking
c Close
bie_siucth #define DFT_START_FREQ 500 0f ~v DFT start freq
Settings.h #define DFT_STEP_FREQD 40 .0f ~~ DFT freguency Float In Main Window
SEADMEDE #define DFT_NUM FRECS 50 /¢ DFT number of
#define EXCITATION_ZMPLITUDE D 93f /~ excitation am 1,000.0
#define FILTER ON false 7 switch filter on/off Line Plot
#if defined FILTER_ON
/7 Band-pass filter [1 2kHz - 1. 8kHz]
#define FILTER_ORDER 2
static double B[FILTER_ORDER+1] = {1.0, 0.0f, — Detected phase - X
static double a[FILTER ORDER+1] = {0.0, 1 88887
static double filterlnputGain = 1.0-26.32372878
#endif
- SETTINGS — END
#define TRIG_TAELE_LEN 1024 ~~ MUST BE A POUER OF 2
extern float EI,
extern float TWOPI:
extern float cosTable[TRIG_TABLE LEN]:
extern float sinTsble[TRIG_TABLE LEN]:
extorn float trigTablelenOverTvoEis T
= extern float twoPiOwerTrigTablelen. @ dnet o
roject P N
X Toad complets ~
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Exercise 1: Measuring by hand the beam transfer function

Use the setup of above, but vary the fixed frequency in at least 7 steps in the range 500 Hz
to 2500 Hz. At each frequency measure the amplitude of the beam oscillation and the phase
between excitation and beam oscillation directly from the AmpMix and PhaseMix plots.

Draw on a piece of paper or in excel the results as a function of the excitation frequency.

Below: Measurement on beam from about 1991
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Exercise 2: Have the DSP do exercise 1

Use again the same setup, but this time put the DSP into the mode “SWEPT FREQUENCY”
also often called network analysis. Use as sweep range again 500...2500 Hz.

In real time the DSP will draw the curves which you have measured yourself.

DR~ - [Target: ADSP-21228 Plstforen 0

'\ comsole {53 | I

Details:

ETTIHLS STALT
|#define ISED_OUTPUT_TYPE SHEEPI// node, one of OUTPUT_TYPE (=ee abowe)

#define SINGLE_FEEQ VAL 1000.0f ~ fregquency of stationarv =inusoidal sxdh

#define CHIRF STARET FREQ 500.0f ~~ linear chirp start freguency
#define CHIRF_STEP FREQ 40 .0f . linear chirp fregquency step
#definse CHIRF _HUH_FREQS 50 ¢ linear chirp number of freguency =tepd
#define SWEEF _HOLD OFF _ITERATIOHS 64 ¢ number of iterations on sach fregug

#define DFT_START FREQ 500.0f ~ DFT =tart freguency
#define DFT_STEF _FEREQ 40 .0f - DFT frequency step
fdefine DFT_NUM_FREQS 50 £« DFT number of freguency bins

#define EXCITATION AMPLITUDE 0.99f »» emcitation amplitude (-1 .0f ¢ wal «

#define FILTER_OH fals=e .~ switch filter on-off
#if defined FILTEE_OH
<« Band-pass filter [1.2kHz - 1. 8kH=z]
#define FILTER_OFEDEERE 2
=ztatic double bL[FILTEEF_OREDEE+1] f1.0, 0.0f, -1.0}; ~ fesdforward cog
static double a[FILTEE_ORLDEE+1] f0.0, 1.8883%701154, —-0.9243904917};
=ztatic double filterlnputGain = 1.0-26. 32372878 v fesdforwvard filter |5
#endif
<« SETTINGS — EHND
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Above: Simulated result from LTspice

Exercise 3: Broad band excitation

We now switch to a different excitation mode of the beam, which we refer to as “noise
excitation”. The advantage is that by applying noise, i.e. random excitation voltages, we
excite the whole frequency spectrum, so we do can do the above measurements at the

same time, with the price of reduced accuracy.

Noise can be applied in various ways, we offer three different options
a) single unipolar excitation pulse

b) regular random voltage excitation pulses

c) regular random excitation pulses after applying a filter, which is centred on the expected

resonance frequency of the beam.

The advantages and disadvantages of each excitation mode will become clear during the

exercise.



3a) Set the DSP to the mode “SINGLE PULSE EXCITATION”

Observe with the oscilloscope the excitation signal (use this also to trigger the scope) and
observe the beam oscillation. Make the appropriate code changes and load AmpDftCum.vps
and InOut.vps.

', Comsole {538 ] Jl<

Details of parameter file:

—_ START
I#define TSED _QUTPUT_TYPE IMFULSE P/ mnode, one of OUTEUT_TYFE (=== above)

#define SINGLE _FRED WAL 1000.0f v fregquency of stationarv =inusoidal exd

#define CHIEF START FREQ 500.0f ~ linear chirp start freguency
#define CHIEF _STEF _FREQ 40.0f ~ linear chirp frequency =tep
fdefine CHIREFP _HUM_FREQS 50 < linear chirp number of frequency steps
#define SWEEF _HOLD COFF_ITERATIOHS 64 . number of iteration= on sach fregus

#define DFT_START_FREQ E00.0f . DFT =start freguency
#define DFT_STEF_FREQ 40.0f - DFT fregquency =tep
#define DFT_HUM_FREQS 50 < DFT number of frequency bins=

#define EXCITATION_AMPLITUDE 0.99f v exmcitation amplitude (-1.0f ¢ wal < 1

#define FILTEE_ON false ~« =witch filter onsoff
#if defined FILTEE_OH
<« Band-pass filter [1.2kHz - 1.83kH=z]
#define FILTEE_ORDEE 2
=tatic double bL[FILTEERE_CRLDER+1] f1.0, 0.0f, -1.0}; « fesdforvard cos
static double a[FILTER_ORDEERE+1] f0.0, 1.8888701184, —-0.9243904917};
ztatic double filterInputGain = 1.0-26.32372878; v fesedforward filter
fendif
< SETTIHGS — END




3b) Set the DSP into the mode of “NOISE EXCITATION, FILTER OFF”

| Cumulative pavwer spectral density |

EXCITATION_AMPLITUDE
FILTER Ol false

| signal values =

" Pt

x
§( \ Console (B 7 P

Ready Line 14, Cal 31 IScript Num

f“’TTTEGE STLET
#define TSED _OUTFUT_TYFE NOISEI// mode, one of OUTEUT_TYFE (=== above)

#define SINGLE_FRED WAL 1000.0f v fregquency of stationarv =inusoidal ex:g

#define CHIEF START FREQ 500.0f ~ linear chirp start freguency
#define CHIEF _STEF _FREQ 40.0f ~ linear chirp frequency =tep
#define CHIEF _NUM_FREQS 50 ¢ linear chirp number of f{requency =teps
#define SWEEFP _HOLD OFF _ITERATIOHS 64 - number of iterationz= on sach fregusg

#define DFT_START_FREQ E00.0f . DFT =start freguency
#define DFT_STEP_FRED 0.0f ~~ DFT frequency =tep
#define DFT_HUM_FREQS 50 < DFT number of frequency bins=

#define EXCITATION_AMPLITUDE 0.99f v exmcitation amplitude {(—-1.0f ¢ wal <

#define FILTEE_ON false| «« =witch filter onsoff
1 E1 1ne &

<« Band-pass filter [1.2kHz - 1.83kH=z]
#define FILTEE_ORDEE 2
=tatic double b[FILTEER_CRLDER+1] f1.0, 0.0f, -1.0%; « fesdforwvard cog
static double a[FILTER_ORDEE+1] f0.0, 1.88838701134, —-0.9243904917};
=tatic double filterInputGain = 1.0-26.32372878; v fesedforward filter

fendif

< SETTIHGS — END

The DSP will work in an endless loop, each time sending excitation pulses, collecting the
data and computing a discrete Fourier transform in the frequency range 500...2500 Hz.

The amplitude spectrum of the excitation and the beam are displayed.

In the top two graphs shot by shot, and the bottom two plots as accumulated spectra.
Interpret the results.

If wanted you can also observe the time domain data with the oscilloscope, but it is difficult
to get a meaningful measurement.



3c) Set the DSP into the mode of “NOISE EXCITATION, FILTER ON”

| Cumulative pavwer spectral density . x

| signal values =5

', Comsole {538 ] Jl<
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f“’TTTEGE STLET
#def ine USED_OUTEFUT_TYFE NOISEI// mode, one of OUTEUT_TYFE (=== above)

#define SINGLE_FRED WAL 1000.0f - freguency of =tationary sinuszoidal exdl

#definse CHIRF_START FREQ 500.0f ~ linear chirp =s=tart fregquency
#define CHIRF_STEF _FREQ 40.0f .~ linear chirp fregquency step
#define CHIRF_NUM_FREQS 50 ¢ linear chirp number of freguency stepg
#define SWEEF_HOLD OFF_ITEEATIOHS 64 - number of iterations on sach fregug

#define DFT_START _FREQ 500.0f ~ DFT =tart freguency
#define DFT_STEF_FREQ 40.0f . DFT freguency =tep
#define DFT_NUM_FREQS 50 < DFT number of freguency bins

#define EXCITATION_AMPLITUDE 0.99f - excitation amplitude (-1.0f < wal <

#define FILTER ON true | » =witch filter on<off

x1 EL1ne &
< Band-paszs filter [1.2kHz - 1.8kH=z]
#define FILTER_ORDEE 2
=tatic double b[FILTEE_OREDEE+1] f1.0, 0.0f, -1.0}; » fesdforwvard cog
static double a[FILTEE_OEDEE+1] {0.0, 1.83888701184, —0.9243904917%:;
=tatic double filterlInputGain = 1.0-26. 32372878, - fesedforward filter [g
fendif
< SETTINGS — END

The DSP will work in an endless loop, each time sending excitation pulses, collecting the
data and computing a discrete Fourier transform in the frequency range 500...2500 Hz.

The only difference compared to exercise 4b is that the noise excitation is pre-filtered
around the expected resonant frequency (1600 Hz; jumper for extra C “out”).

Interpret the changes to 3b)



Details on the filter:

The filter has been implemented in order to concentrate the excitation energy of the noise
to the frequency range of interest.

The following procedure is implemented in the code:
- apply a digital Butterworth bandpass of 1%t order

- determine the peak to peak signal level after filtering

- apply a gain to these values, such that the maximum DAC input (-1...+1) is used.

Possible Discussion: Pros and cons of this method? Alternatives?

Filter data: Sampling frequency 48 kHz

Lower corner frequency 1200 Hz, higher corner frequency 1800 Hz

Below the simulated filter amplitude and phase response plus its response to a kick excitation.
1.0

1.0

T T
0 10 20 30

Step response

e xaxis: time. in samples (i.e. 48000 represents 1 second)
® v axis (red): filter response (linear, normalized)

Magnitude (red) and phase (blue) vs. frequency

v axis: frequency. as a fraction of the sampling rate (i.e. 0.5 represents the Nyquist frequency. which is 24000 Hz)
« yaxis (red): magnitude (linear, nomualized)
o y axis (blue): phase




4.) Coupling

Output 1 and 2 always produce the same excitation signal. So you can connect the
excitation signal to both planes of the beam in parallel.

Without the jumper inserted to the middle part of the PCB, both planes are “uncoupled”.

Inserting this jumper produces a simple way of simulating (Strong) coupling of both betatron
planes.

Please repeat exercise 3a and 3b with coupled beam. Best results are obtained with both
resonant frequencies different. So one jumper “IN” and the same jumper on the other
board “OUT”. Below the results in simulation.
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4. Phase Locked Loop (PLL) tune tracking

All tune diagnostics exercised so far results in a single shot tune measurement. This is for
many situations sufficient, but people also want to diagnose operational transitions of an
accelerator (like acceleration) or any other manipulation, during which magnetic fields in
the accelerator get changed.

A classical approach for such dynamic tune measurements is continuous noise excitation
and consecutive Fourier transforms (FFT) of the measured turn by turn position data.

With so called “peak finding algorithms” the tune is identified in each measurement as the
maximum of the FFT amplitude spectrum and hence the evolution of the tune can be
followed. Measurement resolution in tune and time resolution between two measurement
points have always to be traded against each other.

A more elegant way of tracking the evolution of the tune is by having an electronic circuit
(analog or digital), which excites continuously the beam to transverse oscillations and
changes automatically the frequency of the beam excitation, such that excitation and beam
response stay in phase. So the circuit looks itself to a stable excitation phase and it is hence
called a “Phase locked loop”.

In contrary to the FFT method indicated above, the PLL uses the phase information as
indicator for resonance, the FFT methods look for a maximum in amplitude.

For the experiment with the DSP please close the previous project:

n Analog Devices VisualDSP++ - [Target: ADSP-21489 Platform 0] - [Project: CAS-Tu
E] Eile Edit Session View Project Register Memory Debug Settings

W New r 4§ -5?. ¢ A Qb M

£ QpEFI ’

: b= Save » CAS-TuneMeasSystem ~ | Debug

g Save As » = m

_Pm‘ Close Eile Settings.h L
1 Save All ‘ Project CAS-TuneMeasSystem.dpj |

o

B Load Symbols... #define NUMBER _OF SAMPLES
e #define BTC NUH OF SAMPLI
Load Script...

E ik R —r o T



Open new project:

u Analog Devices VisualDSP++ - [Target: ADSP-21489 Platfor
File Edit Session View Project Register Memory [
New vl iy m@ly
 Open @ File.. Ctd+0O
Save ]
Save As
Close
G SaveAll

& Load Program... Cirl+l

n Analog Devices VisualDSP++ - [Target: ADSP-21489 Platform 0]

File Edit Session View Project Register Memory Debug Settings Tools Window Help

DEHGE | 28 | 2B |0 AACHTE %%

<

if B open Project et
i &l Lookin: | | CAS-TuneMeasSystem-Final v| @ @& 2 @
Projf * Name a Date modif... Type Size
@' ) .git 30-May-18...  File folder
Quick access Debug 30-May-18...  File folder
- . »] CAS-TuneMeasSystem.dpj  06-Jul-17 1...  VisualDSP... 20KB !
Desktop
™
Libraries
This PC
Network
File name: ‘CﬁS-TuneMeasS;ﬁem.dpj w ‘ | Open I
Files of type: Project Files (" dpj) v Cancel

The DSP is programmed to execute a PLL circuit. It generates a continuous sine wave
oscillation and it measures permanently the phase between its excitation signal and the
stimulated oscillation.

You may have a look at the code in particular in order to see how the phase detection is
made. But otherwise the only parameter that you need to care about is the start frequency
of the oscillator (not too far from the expected resonance) and a loop gain for the PLL.



Settings overview in the file settings.h:

u Analog Devices VisualDSP++ - [Target: ADSP-21489 Platform 0] - [Project: CAS-TuneMeasSystem] - [Settings.h]

Z] File Edit Session View Project Register Memory Debug Settings JTools Window Help

i Dsd@s &y MA AT e ik ?
e L iadl==! CAS-TuneMeasSystem | Debug v % 0, Dgy Dy
h | M ® o MR IBEDRA[E

Project: CAS-TuneMeasSyste... %

53 Project Group (1 project)
=-[» CAS-TuneMeasSystem
=)' Source Files

|=] blockProcess_audio c
I=] init1935viaSPl.c

] init_PLL_SDRAM.c
|=] initSPDIFc

=] intSPORTO1_TDM_mo
=] initSRU.c

[E] Mainc

El SPORT1_ isrc

+ 1 Linker Files

=-‘zd Header Files
=] ad1939h
[E] ADDS_21489_EzKith
] btch
2] btc_structh
E"l Settings.h

[E] READMEnt

Bifndef _SETTINGS_H_
#define _SETTINGS_H_

#define NUMBER_OF_SAMPLES 1 .~/

Number of samples handles per IR(D |

#define BTC_NUM_OF_ SAMPLES 200 ~~ Number of samples in BTC channel
SETTINGS - START

#def ine EXCITATION_AMPLITUDE 0.99 // excitation amplitude: [-1.0f

ss/8define EXCITATION_AMPLITUDE 0.6 excitation amplitude: [-1.0f

#define PLL_GAIN 1.0 ~~

#define START_FREQ _HZ 1400.0 -~
'/ SETTINGS - END

PLL gain -» to be used with old beam

FLL =starting frequency in Hz -> tc

#define TRIG_TABLE_LEN 1024 .~
extern long double PI;

extern long double TWOPI:
extern long double cosTable[TRIG_TABLE_LENW]:
extern long double =inTable[TRIG_TABLE_LEN]:
extern long double trigTablelenOverTwoP1
extern long double twoPiOverTrigTablelen:
extern void buildTrigTables(void):

MUST BE A POWER OF 2111

#define _PLLFREQCH_ 0
#define PROPACTIONCH_ 1
#define _INTEGACTIONCH_ 2

#define BTC_EXTRA_SPACE 4

extern double btcPllFreg[BTC_NUM_OF_ SAMPLES+BTC_EXKTRA_SFPACE].
extern double btcProphction[BTC_NUM_OF SAMPLES+BTC_EXTRA_SFACE]:
extern double btclntegAction[BTC_NUM_OF_SAMPLES+BTC_EXTRA_SPACE]:

fendif © SETTIHGS H

Set starting frequency and PLL gain. Compile, load and start (PLL starts at 750Hz

and converges to resonant frequency):

3 Analog Devices VisualDSP++ - [Target: ADSP-21489 Platform 0] - [Project: CAS-TuneMeasSystem] - [Settings.h

) Ble Edt Session View Project Debug  Settin Window  Help
®ipswoea B LGN Y Y . im?
19 % B 4 CAS TuneMeassystem | Debug v | Gy G
" & ] |emag@
Project CAS-T x PLL frequency

#ifndef _SETTINGS_H_
[T Project Group (1 project #define “SETTINGS_H_
. - #define NUMBER_OF_SAMPLES 1 -/ Nus
#define BTC_NUM_OF_SAMFLES 200

ntSPORTO1_TOM_mo
ntSAUC

1,200.0

fine TRIG_TABLE_LEN 1024

long double P1 1,000.0

5] README be




After locking, PLL frequency oscillates with small excursions around the resonant
frequency:

(3 Analog Devices VisualDSP++ - [Target: ADSP-21489 Platform 0] - [Project: CAS-TuneMeasSystem] - [Settings h] -

) File Edit Session View Project Register Memory Debug Settings Tools Window Help
Miczues jtmB o MAERT + fanw®
199 % 5 Ta b & 4 g4 X |[CASTuneMeasSystem [ Debug v 6 &
jBms = jemeg@
Project: CAS- - %
#ifndef _GETTINGS_H_
[ Froect Group (T profec) | #define _SETTINGS_H_
&) CAS-TuneMonaSystem #define NUMBER_OF_SAKFLES 1 .~ Number of sa
=20 Source Fles #define BTC_NUM_OF_SAMPLES 200 .~ Number of
=) blockProcess_audo.c
5] ne1939viasPLe SETTINGS - START
#define EXCITATION_AMPLITUDE 0.99 -/ excita
3:;':;';56"”“ #define EXCITATION_AMFLITUDE 0.6 excitat
5] intSPORTO1_TDM_mex #define PLL GAIN 1.d ~ PLL gain -> to be u
5] mesrUe
5 Manc #define START_FREQ HZ 750.0 -~ PLL starting
5 SPORTIsrc SETTINGS - END
& L Liker e #define TRIG_TABLE_LEN 1024 -~ MUST EE A FO
d Header Fies extern long double PI:
[E) ad1939h extern long double TUOI
) ADDS_21489_Exkan extern long double DosTahLe[TRIG TABLE_LEN]
o extern long double sinTable[TRIG_TABLE_LEN]
5] bien lextern long dmmg L[lgTablsznOv![TmPl
1] bic_stnucth extern long double twoPiOverTrigTablelen
= h extern void buxldTrLnghl:s(vnxd
5] Seftings
B READMEDe #detine _PLLFREQCH_ 0
#define _PROPACTIONCH 1

#define _INTEGACTIONCH_ 2

#define BTC_EXTRA_SPACE 4

extern double btcFllFreq[ETC_NUM_OF_SAMPLES-
extern double btcPropAction[BTC_NUM_OF_SAMP:
extern double btcIntegiction[BTC_NUH_OF_SAM

tendif < SETTINGS_H_

Change (increase) resonant frequency by removing jumper SW3:

/

ggLQULFl

o
2
2o
5E
8£
=3
=

PLL tracks new resonant frequency:



[0 Analog Devices VisualDSP++ - [Target: ADSP-21489 Platform 0] - [Project: CAS-TuneMeasSystem| - [Settingsh -
[ File Edit Session View Project Debug Settings Tooks Window Help
iDEFCHPS L s YR + ak ?
x |G Ba Ghy ] CAS-TuneMeasSystem Debug i Oy Oy
[ & ni-N= gr|
Project: CAS-T x PLL frequency
¥#ifndsf _SETTINGS_H
BT Fromect Gocp (1 prorect #define SETTINGS H_
) CAS-TuneMeasSystem WUMBER_OF_SAMFLES 1 -~ Number of
&3 Source Fles BTC_NUH_OF_SAMPLES 200 // Nunbe

kProcess_su

H_AMPLITUDE 0.99
AMPLITUDE 0. ¢

#define PLL_GAIN 1.4 PLL gain to be

#def i

' Header Files
E
5] AC

TUOPI
cosTable[TRIG_TABLE_LEN]
sinTable{ TRIG_TABLE_LEN]

< e trigTablelenOverTvoPi
bic_stnucth twoPiOverTrigTablelen.
) setingsh igTables(void)

i) READMELL #define _PLLFREQCH [
#def in PROPACTIONCH 1

#define _INTEGACTIONCH_ 2
BTC_EXTRA_SPACE 4

e btcPllFreq[BTC_NUM_OF_SAMPLES
le btcPropAction[BTC_NUN _SANF.
uble btcInteghction[BTC. NUN_OF SANi

fendif ETTINGS_H

You can experiment with the start frequency and the loop
gain and observe the reactivity of the PLL circuit.

At any time you may look at the signals with the oscilloscope.



