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. Motivation .
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1. Implement algorithm to identify peaks:
- time arrival
- pulse height
2. Choose algorithm:
- Real time — deadtime free
- Efficient — identify overlapping

peaks
3. Algorithm should be:
- Reliable
- Stable

: " Upgrading BCM1f: Deconvolution, FPGA
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1. Implement algorithm to identify peaks:

‘ Event no. 1241127 on 07 Nov 2012, 20:08 -- channel 7

- time arrival

£ 170 T T [T T T T
- pulse height A, 1 -
< i
2. Choose algorithm: - .
160— —
- Real time — deadtime free E ]
155 — —
- Efficient — identify overlapping B .
peaks o E
3. Algorithm should be: e L L L L L L
0 10000 20000 30000 40000 50000 60000 70000 80000 90000ns
- Reliable
- Stable
@ PB 2013 - Upgrading BCM1f: Deconvolution, FPGA
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1. Implement algorithm to identify peaks:

‘ Event no. 1241127 on 07 Nov 2012, 20:08 -- channel 7

- time arrival

- pulse height é 155 WWWWW et B, "”M _
2. Choose algorithm: P M "‘ _
- Real time — deadtime free r y
_ Efficient — identify overlapping - E
peaks £ o :
3. Algorithm should be: g mﬂ b
- Reliable < 0 ]
- Stable 160, E
155 -
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2. Deconvolution
- Function in Root
- SIMPAS - Succesive Identify Max Position And Subtract
- Deconvolution vs. SIMPAS

@ PB 2013
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Deconvolution - Root .
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Deconvolution - Root .
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Deconvolution - Root .
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l g — === Deconvolution - Root .

Algorithm:
0. set x°, nRepetitions, nlterations, boost
1. repeat nRepetitions times:

1a. Xg-k)::[xgk)]bOOSt
1b. Repeat nlterations times: x(k“)::x(k)N " u
Hzmxm
m=0

g @ PB 2013 e =
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t Deconvolution - Root .
Algorithm:

0. set x°, nRepetitions, nlterations, boost

1. repeat nRepetitions times:
(k)::[x(k)]boost

la. x; ;
1b. Repeat nlterations times: x**":=x'*/ 4

Deconvolution(reference,source,size,nlterations,nRepetition,boost)

- nRepetitions Total = nlterations*nRepetitions | quality

Total number of iterations = time consuming!

= e
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I SIMPAS Succesive Identify Max Posmon And Subtract I

///“

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

. _—
e —




SIMPAS - Succesive ldentify Max P05|t|on And Subtract I

T S S

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

Reference=[ 2 3 1 ] Source=[ O 6 9 5 3 1 2 3
Peaks =[ 0 O 3 0 1 O O0 1

g@?s 2013 [ —
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SIMPAS Succesive Identlfy Max Position And Subtract I

T S S

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

Reference=[ 2 3 1 ] Source=[ O 6 9 5 3 1 2 3
Peaks =[ 0 O 3 0 1 0 O0 1
1.Source=[ 0 6 9 5 3 1 2 3 ] // maxX=3 -

ﬁps 2013
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SIMPAS - Succeswe Identlfy Max Position And Subtract I

T S S

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

Reference=[ 2 3 1 ] Source=[ O 6 9 5 3 1 2 3
Peaks =[ 0 O 3 0 1 O O0 1

1.Source=[ 0 6 9 5 3 1 2 3 ] [J/maxX=3

- Reference 2 3 1

2.Source=[ 0 4 6 4 3 1 2 3 ] // maxX=3

e e
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p SIMPAS - Succesive Identify Max Position And Subtract I

s T SN

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

Reference=[ 2 3 1 ] Source=[ O 6 9 5 3 1 2 3
Peaks =[ 0 O 3 0 1 O O0 1
1.Source=[ 0 6 9 5 3 1 2 3 ] // maxX=3 -
- Reference 2 3 1
2.Source=[ 0 4 6 4 3 1 2 3 ] // maxX=3
- Reference 2 3 1
3.Source=[ 0 2 3 3 3 1 2 3 ] J/maxX=8 8 > 1

& @PB2013 [ s



SIMPAS Succeswe Identlfy Max Position And Subtract I

______ e T S RS

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

Reference=[ 2 3 1 ] Source=[ O 6 9 5 3 1 2 3
Peaks =[ 0 O 3 0 1 O O0 1
1.Source=[ 0 6 9 5 3 1 2 3 ] // maxX=3 -
- Reference 2 3 1
2.Source=[ 0 4 6 4 3 1 2 3 ] // maxX=3
- Reference 2 3 1
3.Source=[ 0 2 3 3 3 1 2 3 ] // maxX=8
- Reference 2 3 (1)

4.Source=[ 0 2 3 3 3 1 0 O ] J/maxX=5

e S _—
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- SIMPAS - Succesive ldentify Max Position And Subtract I

______ e _ ol

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

Reference=[ 2 3 1 ] Source=[ O 6 9 5 3 1 2 3
Peaks =[ 0 O 3 0 1 0 0 1
1.Source=[ 0 6 9 5 3 1 2 3 ] // maxX=3 -
- Reference 2 3 1
2.Source=[ 0 4 6 4 3 1 2 3 ] // maxX=3
- Reference 2 3 1
3.Source=[ 0 2 3 3 3 1 2 3 ] J/maxX=8
- Reference 2 3 (1)
4.Source=[ 0 2 3 3 3 1 0 O ] J/maxX=5
- Reference 2 3 1

5.Source=[ 0 2 3 1 0 0 0 0 ] //maxxz3/

E‘ @ PB 2013 — e




- SIMPAS - Succesive Identify Max Position And Subtract I

e Fa _ ol

0. Get Reference and Source signal, thereshold //= expected noise
1. max(Source) // seeking from right side of Source
2. Source = Source — Reference

// Xpos(max(Reference)) = Xpos(max(Source))
3. Do (1 and 2) until (Source >= thereshold)

Reference=[ 2 3 1 ] Source=[ O 6 9 5 3
Peaks =[ 0 O 3 0 1 O O0 1
3 .

1.Source=[ 0O 6 9 5 3 1 2 3 ] // maxX =
- Reference 2 3 1

2.Source=[ 0 4 6 4 3 1 2 3 ] // maxX=3
- Reference 2 3 1

3.Source=[ 0 2 3 3 3 1 2 3 ] J/maxX=8
- Reference 2 3 (1)

4.Source=[ 0 2 3 3 3 1 0 O ] J/maxX=5
- Reference 2 3 1

5.Source=[ 0 2 3 1 O O O O ] // maxX =3
- Reference 2 3 1

6.Source=[ 0 O O O O O O O ] // finish

E‘ @ PB 2013 — e




SIMPAS - Succesive ldentify Max Position And Subtract I

Value, amplitude
n M B8

| Exémpie a

5 random generated peaks

— Input signal
—— lteration steps

Bl Random peaks height |

Value, amplitude
— — [} [ou] [} (]

N

convolution, FPGA




Value, amplitude

| Exémpie a

5 random generated peaks

— Input signal
—— lteration steps
Bl Random peaks height
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SIMPAS - Succesive Identify Max Position And Subtr%get‘ml

B i : i
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SIMPAS - Succeswe Identlfy Max Position And Subtrq;ct

e
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05 T
3 MlP and 3 MlP S|gnal (from Dominik's S|mulat|ons) lnput
Example C lteration steps
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- SIMPAS - Succesive Identify Max Position And Subtract I

B el =
4 MIP and 1 MIP signal (from Dominik's simulations)
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SIMPAS Succesive Identlfy Max Position And Subtract i.

i =
4 MlP and 1 M|P S|gnal (from Domlnlks simulations)

0y T T T T T
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Deconvolution vs. SIMPAS

e e E——— e
0.7
Input 0.25 . . . : :
B Pecks af deco | Reference shape

1 Deconvolution:

| 3 iterations |
3 repetitions

12 boost
(total 9 rep.) DD 100 2DID SDID :160 560 B00

0 100 200 e ‘40 200 500 SIMPAS: 5 subtraction

07 : . : . . 1 W o o docan
Input
0gk - Peaks aft decony | |
05 I 06
a4l | Deconvolution: _
70 iterations
I 15 repetitions
02t 13 boost
T J 1(total 350 rep.)
Al A
0 100 200 300 400 500 500
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3. FPGA
- Data flow — block diagram
- Peak generator
Non-saturated peaks
Saturated peaks, moving averages
- Other blocks
- Speed of calculations

> B




FPGA - data flow I

e ——.
i
L// = /—

FPGA
Analo ; 3 threads:
inputg ADC 8 bits ,, - buffering input
- deconvolution

- preparing output

Time

LHC clk (Orbit1) A

> B

Height

» Transmitter

Data
Base




% FPGA - data flow I

B i =
FPGA O
Wu’[g»\ ADC Sbits . buffering input Height > Transmitter BDaa;ae
- deconvolution |
- preparing output .
LHC clk (Orbit1) A
- ADC1GS/Is -
| |
Peak generator g pits 64 bits
| 1°GS/s O Y19y Internal FIFO "8 samples >

— - Upgrading BCM1f: Deconvolution, FPGA




FPGA - data flow I

. T o e

FPGA

Analog - 3 threads: Time _ i
- deconvolution | |

- preparing output

LHC clk (Orbit1) A
- ADC1GS/Is -
| |
Peak generator g pits I 64 bits
O UlLS, nternal FIFO |
| 1 GS/s 8 samples
| |

- CHECKER

THERESHOLD

Compare with
Time stamp

e 7*"**** Upgrading BCM1f: Deconvolution, FPGA




FPGA - data flow !

. — I

FPGA

Analog - 3 threads: Time _ Data
- deconvolution

- preparing output

LHC clk (Orbit1) f
- ADC1GS/Is -
| |
Peak generator g pits I 64 bits
O VS, nternal FIFO |
1 GS/s 8 samples

| |
‘ - FPGA250 MHz
|
~ CHECKER BUFFER |

20 o .

i % % 64 bits ‘
gy \
| € w GE) 16 bits

OT & > |

OF I




fl -

FPGA - data flow
e —— e
FPGA <N
Analog_ 8 bits _ S threads: Time : Data
Tinput = ADC > - buffering input Height = Transmitter Base
- deconvolution
- preparing output i
LHC clk (Orbit1) A
- ADC1GS/s -
| |
Peak generator i '
| 1gGS i 8Dbits, |nternal FIFO 5 S:rrt:glses
| |
T FPGA250 MHz —
|
-~ CHECKER BUFFER DETECTOR |
@)
- e S |
=X 2 64 bits 320 bits 5
e =
- % e e 7 40 Smpls o 2 |
o s |
. : . QQ
g L:::J £ 16 bits 80 bits 9S ‘
OFF O

S S— 5 == e
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fl -

FPGA - data flow
T ——— I
FPGA <4
Analog 8 bits _ S threads: Time . Data
“input = ADC > - buffering input Height > Transmitter Base
- deconvolution \
- preparing output .
LHC clk (Orbit1) A
- ADC1GS)Is -
| |
Peak generator i '
| 1gGS i 8Dbits, |nternal FIFO 5 g:nt:glses
| |
T FPGA250 MHz —
|
~ CHECKER BUFFER DETECTOR OUTER |
@)
- e 5 o |
=2 2 64 bits 320 bits 5 height ®
Y E T T = eig ©
‘ % % S 40 Smpls e 2 g = >
o . . S o . o |
‘ £ L _Gé 16 bits 80 bits , S S time P ‘
OFF O
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' ~ FPGA- peak generator I

| > |deal peaks 300 Peak shape
|

ok — GEN1 250 -
| > Height 0-255 | .
| 1% saturated peak | ]
| 20% of gen. peak /+\\+ N ois_ e 3 bits g 150 -

GEN?2 </ n-bit ‘ £ 100
‘ . Heighto-255 ¥ o
| 1% saturated peak | . I A B S
| 20% of gen. peak | o 5 10 15 2 25 30
time [ns]

E‘ @ PB 2013 — T —




FPGA — peak generator !

Peak shape

et |deal peaks

|
|
i GEN1
Ik
O = Height 0-255 |
|

|

‘ 300
|

| 1% saturated peak

|

|

|

|

250

200 |

150

20% of gen. peak

amplitude [nbits]

", » Noise  8bits,

. Heighto-255 7 o
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20% of gen. peak | 0 5 10 15 20 25 30

-

o

o
|

time [ns]
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200+ I ' -
' |
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=
—
I

(|
—
|
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JUN L

| | i i | | i |
2000 2100 21480 2200 Z2s0 Zo00 2350 2400
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FPGA — peak generator — non saturated peak I

4 — —

Non-saturated peak

300 - Non-Saturated peak:
- 1. Shape similar to Landau distibution
2. FWHM =10 ns
g 200 3. Peaking time (rising edge) = 9ns
s 150 4. Peak time = max 25 ns
S 0 5. Height in range 0 — 255 (8 bits)
. . 6. Height probability based on peak
density distribution
"0 5 w5 m  » @ 3 40

time [ns]
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p | FPGA — peak generator — non saturated peak I

e Fa _ ——

Non-saturated peak

300 Non-Saturated peak:
- 1. Shape similar to Landau distibution
2. FWHM =10 ns
g 200 3. Peaking time (rising edge) = 9ns
s 150 4. Peak time = max 25 ns
= 0 5. Height in range 0 — 255 (8 bits)
" el 6. Height probability based on peak
density distribution
o s w0 15w m w m w4

time [ns]
e e Frontend 2007-2013

%105; " comespondane gwgg&giminarymﬂ_; probability | probability
pd - 4
- >MMP 391%  5MIP 055%

10 MIP 0.06% 4 MIP 1.01%

2. E 8MIP  011%  2MIP  7.34%

102 L Saturation of =
I - | L1 | | L1 1 | | |- | L1 1 l | - I Ll 1 1 | [ - T

W e TADG aotinte] 6 MIP 0.37% noise  55.09%
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g FPGA — peak generator — saturated peak I

— T
Saturated peak Ver 1
Ver 2

300 Saturated peak:

200 - 1. causes sensor inactive for 40 ns
— 2. When peak is saturated do pararell:
3 - store data for ~100ns
g U | I | | - - I
S0 5 w0 1 \2 % = . & try to calculate on-line
E 100

_Eﬂﬂ_

-300 -

time [ns]

E @PB2013 | =




FPGA — peak generator — saturated peak i.

= E—— i
Saturated peak Ver 1
Sl 1

007 Saturated peak:

200 - 1. causes sensor inactive for 40 ns
— 2. When peak is saturated do pararell:
z - store data for ~100ns
T 0 I | I = T | _ _li
S0 5 w0 1 \2 % = 1L & try to calculate on-line
E 100

-200 -

-300 -

time [ Average window: 4 and 30
3':' T T T T T T
B ot peaks
Input source
25+ g
201
Using moving average (with large
averaging window ~30 samples) may [
be used for follow ,,dynamic baseline” ol o
and do calculations on-line :
5 -
0
0

13 Upgrading BCM1f: Deconvolution, FPGA




I . FPGA — other blocks - C'hecker and Buffer I

CHECKER
E
=
8 =
qh; 1
;i
x 0
& =
2
< 64 bits
8 Samples
A
A
Orbit 1 clk .
(11.25 kHz) —» Time counter
FPGA clk
(250 MHz)

g_@\ps 2013 " Upgrading BCM1f: Deconvolution, FPGA
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] FPGA — other blocks — Checker and Buffer I

Fa _ ——

CHECKER BUFFER
'-é If true write_enablg
8 =
’q_) |
©
8 e 7
E ¢ 64 bit
& = e
2
< 64 bits
8 Samples
16 bits
A A
((1)1rt;t51kc|_:|”2() —» Time counter
FPGA clk
(250 MHz)

e —— -

@PB2013 | = ~ Upgrading BCM1f: Deconvolution, FPGA




4 FPGA — other blocks — Checker and Buffer I

> Fa _ ——

CHECKER BUFFER

2 If true write_enablg_ Data memory
5 -
th I

©
g g - > ——
x 0 .
o Q 64 Dbits,, Time memory
e =
8
< 64 bits

8 Samples
16 bits E

Orbit 1 clk

(11.25 kHz) —» Time counter

FPGA clk
(250 MHz)

e —— -
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g FPGA — other“I;Iocks — Checker and Buffer I

s T SN

CHECKER BUFFER I
.'é If true write_enablg Data memory Jead_enable
% E 320 bits
3 “ 40 Samples
g % - (=40 ns) g
A = |_
© 2 | :
@ ) 64 bits, Time memo u
o < g
8 . 80 bits
< 64 bits
8 Samples ”
A f A

Orbit 1 clk

(11.25 kHz) —» Time counter

FPGA clk
(250 MHz)
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FPGA — other blocks — Checker and Buffer

Peak generation

0005142

[

I
0005142... 48474
ﬁ
—
0005142.., (48474
I ESY
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MultiSim
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R 4 out_peak_generator 23
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FPGA — other blocks — Checker and Buffer

8 Samples go to Checker...

4b595?5 ————

ie0e0g0s03 [ 00 [ 00 T ]

545 5c5447) __________
 Teboeosiaiiodosos |

EEiE!iI DO00000000! ._—_—
[iIiEj[ 032 0034 0036 0020 002 55 0020 002D on"4 00Z6 |

________
2 -iIi______—

3000320034005 0042 004400460048 | T [ |
e e B —— ————————

----
MultiSim
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R 4 out_peak_generator 23
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and is written to Buffer (data and time)
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Sample of output
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I | FPGA — speed of calculations I

Assumptions: FPGA clock =250 MHz
ADC sampl. =1 GSa/s
Max peak =10 MIP Refer peak =0.5 MIP
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FPGA - speed of calculations =
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Assumptions: FPGA clock =250 MHz
ADC sampl. =1 GSa/s
Max peak =10 MIP Refer peak =0.5 MIP
The worst case: Buffer get values all the time (peaks on input)
Out Checker: every 8 ns write 8 samples to Buffer (2 clocks)
Out Buffer: every 40 ns read data by Detector (10 clocks)
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FPGA - speed of calculations =
Assumptions: FPGA clock =250 MHz
ADC sampl. =1 GSa/s
Max peak =10 MIP Refer peak =0.5 MIP
The worst case: Buffer get values all the time (peaks on input)
Out Checker: every 8 ns write 8 samples to Buffer (2 clocks)
Out Buffer: every 40 ns read data by Detector (10 clocks)
Better case: 20% of getting peak to deconvolute
Out Checker: ~40 ns write 8 samples to Buffer
Out Buffer: ~200ns need data to be calculated (50 clocks)
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FPGA — speed of calculations

il

/

Assumptions: FPGA clock =250 MHz
ADC sampl. =1 GSa/s
Max peak =10 MIP Refer peak =0.5 MIP
The worst case: Buffer get values all the time (peaks on input)
Out Checker: every 8 ns write 8 samples to Buffer (2 clocks)
Out Buffer: every 40 ns read data by Detector (10 clocks)
Better case: 20% of getting peak to deconvolute
Out Checker: ~40 ns write 8 samples to Buffer
Out Buffer: ~200ns need data to be calculated (50 clocks)

SIMPAS: Find max, subtract - 2 clk cycles
Number of subtraction (10MIP/0.5MIP =) 20
Operation: 40 clk cycles < 50 clk cycles
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FPGA - speed of calculations

/

Assumptions: FPGA clock =250 MHz
ADC sampl. =1 GSa/s
Max peak =10 MIP Refer peak =0.5 MIP
The worst case: Buffer get values all the time (peaks on input)
Out Checker: every 8 ns write 8 samples to Buffer (2 clocks)
Out Buffer: every 40 ns read data by Detector (10 clocks)
Better case: 20% of getting peak to deconvolute
Out Checker: ~40 ns write 8 samples to Buffer
Out Buffer: ~200ns need data to be calculated (50 clocks)

SIMPAS: Find max, subtract - 2 clk cycles
Number of subtraction (10MIP/0.5MIP =) 20
Operation: 40 clk cycles < 50 clk cycles

Deconvolution: At least 50 iterations <= 50 clk cycles ifficutt...)
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1. Motivation

2. Deconvolution
- Function in Root
- SIMPAS - Succesive Identify Max Position And Subtract
- Deconvolution vs. SIMPAS

3. FPGA
- Data flow — block diagram
- Peak generator
Non-saturated peaks
Saturated peaks, moving averages
- Other blocks
- Speed of calculations

4. Summary — what is done

5. Next steps




Summary - what'is done ..

Done:

1. Checked 2 deconvolution algorithms: Deconvolution and SIMPAS
in Root and Matlab

2. Calculated time consumption of these algorithms

3. Wrote Verilog codes:
- peak generator with upgrade parameters
- Input FIFO, Checker, Buffer
- testbenches for that codes

== —~—
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1. Motivation

2. Deconvolution
- Function in Root
- SIMPAS - Succesive Identify Max Position And Subtract
- Deconvolution vs. SIMPAS

3. FPGA
- Data flow — block diagram
- Peak generator
Non-saturated peaks
Saturated peaks, moving averages
- Other blocks
- Speed of calculations

4. Summary — what is done

5. Next steps




Next sm
1. Found algorithm with FFT — need to be checked
2. Study Moving Average algorithm to use it in peaks identifying
3. Change peak generator with peak shape before upgrade
4. Finish “Detector” module in Verilog (with 3 deconvolution
options: deconvolution, SIMPAS, with FFT?)

5. Implement pipepline processing in Verilog

6. Estimating memory on FPGA, algorithm time consumption,
speed of sampling is necessary to decide on BCM1f choose of
backend electronics boards

@ PB 2013 - Upgrading BCM1f: Deconvolution, FPGA
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