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A hardware implementation of the Levinson
routine in a radio detector of cosmic rays
to improve a suppression of
the non-stationary RFI
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void levinson (double *r, double *y,
double *x, double *a,
unsigned int dim)
y) {
1 unsigned int i P -
] double e,z,xi,temp;
> // initialization step //
i =i 0] 7
al[0] = 1;
x[0] = y[0]/e;
// main loop //
for - (n-=-1; -n-<-dim; -++n)
{
// calculate xi //
xi = 0;
for (i = 0; 1 < n; ++i)
{ // loop A //
xi —= r[n-1i] * al[i];
}
xi = xi/e;
— // update a //
aln] = 0;
for (i =-0; i <= (n-1)/2; ++i)
{ // loop B //
temp = ali]l;
ali] = temp + a[n-i] * xi;
a[n-i] = a[n-i] + temp * xi;
}
if (n div 2 == 0)
{
a[i] - =-a[i] ‘+ a[n-1i]  *-xi;
}
// calculate e //
e =e * (1 - xi*xi);
// calculate 1 //
z = yl[nl;
for (i-=-0; i-<-n; ++i)
{-//-loop-C://
z —= r[n-i] * x[i];
}
// update x //
x[n] '=-0;
for-(i=-0; ‘i -<=m;  -++1i)

{ // loop D //

x[i] += al[n-
}
}
return;

}

il *-zle;
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Levinson C code ' :
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Z, &
ks, o
ITAS 1O
a.u.
200000
180000
160000
140000
120000
100000
80000
60000
40000
20000
0
0
22,5 75 87.5
’ 100
Loop A Loop B Loop C Loop D
xi = 0; a[l] = 0; z = yl[l]; x[1] = 0;
n=1l|xi -= r[1l] * a[0]; |a[l] += a[0] * xi; z == r[1l] * x[0]; |x[0] += a[l] * pm;
xi /=e; pm = z/e; x[1] += a[0] * pm;
xi =0; af[2] = 0; z = yl2]; x[2] = 0;
n=2 | xi -= r[2] * a[0]; |a[2] += a[0] * xi; z -= r[2] * x[0]; x[0] += a[2] * pm;
xi == r[1] * a[l]; |a[l] += a[l] * xi; z == r[l] * x[1]; |x[1] 4= a[l] * pm;
xi /= e; pm = z/e; x[2] += a[0] * pm;
xi =0; a[3] = 0; z = yl[3]; x[3] =0;
xi == r[3] * a[0]; |a[3] += a[0] * xi; z == r[3] * x[0]; |x[0] += a[3] * pm;
n=3 | xi -= r[2] * a[l]; |a[2] += a[l] * xi; z == r[2] * x[1]; |x[1] += a[2] * pm;
xi == r[l] * a[2]; |a[l] += a[2] * xi; z == r[l1l] * x[2]; x[2] += a[l] * pm;
xi /= e; pm = z/e; x[3] += a[0] * pm;
xi = 0; a[4] = 0; z = yl[4]; x[4] = 0;
xi -= r[4] * a[0]; | a[4] += a[0] * xi; z -= r[4] * x[0]; |x[0] += a[4] * pm;
n=4 | xi -= r[3] * a[l]; |a[3] += a[l] * xi; z == r[3] * x[1]; |=x[1] 4= a[3] * pm;
xi -= r[2] * a[2]; |a[2] += a[2] * xi; z == r[2] * x[2]; |x[2] += a[2] * pm;
xi == r[l] * a[3]; |a[l] += a[3] * xi; z -= r[l] * x[3]; x[3] += a[l] * pm;
xi /= e; pm = z/e;
etc
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++ calculiation + simuilations : .
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= 9B9@FA1ARRRAR A4...A0| Addr Data Al = (810 ISl | A4...A0| Addr Data Ad...A0| Addr| Data
11 = B1E4656000000 00000 |0 41CSBIO0FA1000000 11 = S7F2E6A740043 RECEEE BFAGF07586C27DEC 00000 |0 BFAGDBDF 1763
21 = 8029003000080 00001 1 C18B1E4650000000 21 = 12F38D2EFEF18 R 1 3FASTFIEEAT40AS0 00001 1 3FASA2633C72
3] = 3F75D5608068060 00010 2 C1B8D29003000000 31 = A193AC848139C BELNE 2 3FA12F38D2EFEF1A 00010 2 3FA114C1A420
41 = 62BB6 75000800 00011 2 41A3F75DS6000000 4] = 4656A3BE54885 RELE 3 BFAA193AC84813A8 00011 3 BFAA3231EBGE
5] = FBES76CHBRRAA 00100 |4 41B628B675000000 581 = CD412698B7731 BEIIERE BF94656A3BES487B 00100 [4 BF942AFF5924
61 = 1F47130800086 00101 S C1AFBES76C000000 61 = 3DB44E3564BCA LI 5 3FACD412690B773D 00101 5 3FACE3B91FCT
21 = 4A42C993BPRRG 00110 6 C1B1F47130000000 2] = D7ESDCDAZCC38 RELED 3 3F73DB44E3564BBA 00110 6 3F72F1F900E9
81 = 8F1BR14680606 00111 7 41B4A42C99000000 81 = CA695C7E31657 ELEL 7 BFAD7ESDCDATCC45S 00111 7 BFADBSACBC40
91 = IF44206 000000 01000 |8 41A8F1BB14000000 91 = CAB68BBAZ?FEL1 RELIENE 3F85AB95CTE31640 01000 |8 3F8610AB1112
= 27066 E4000000 01001 s C1B7F44206000000 x[181 = 9D6F1546EF95E R 9 3FAC0B680BO7FES1 01001 9 3FACOCS7D25A
& 993BAA7ARRRRA 01010 10 | C1987008E4000000 x[111 = 895F3ACR7CC66 LD 10 | BF99D6F1546EF9SB 01010 10 | BF9A034EDADE
_ S5E69A20ARR6AR 01011 " 41B993B0A7000000 x[12]1 = 38@6BF55DACH7 L 1 BFAB95F3ACB7CCEF 01011 1 BFAB9319F72B
: 96528 E40000A0 01100 12 C165E63A20000000 x[131 = 35D93444F2774 01100 12 3FA3806BFSSDACO3 01100 12 3FA391F8054B
: 01101 13 C1B96528E4000000 x[14]1 = 8AF7128440296 01101 13 3FA35D93444F276E 01101 13 3FA359146CA4
Py iy (01110 |14 | 4190B527£0000000 x[157 - EAENE e O (01110 |14 | orasarTizsciozss 01110 |14 | BFAGBCDI668F
- PCLR S5 (07111 |15 | 21876BF048000000 <[16] = C197FE3E98D6 7 BN 01111 |15 | BF9s7B67F9C3
T B4D57ES8888000 10000 16 | C1AB4DS7E8000000 2] = 4F268C9FFF32C LD 16 | 3FAC197FE3E98DSF 10000 16 | 3FAC241284F8
= ggggggggggggg 10001 17 | C1B3CBAEF4000000 8] = D8A460374CCELD [HER 17 | 3FB4F26BCOFFF333 10001 17 | 3FB4E6219809
by 10010 18 | 41B2ES8BDDA000000 10010 18 | BFADB046074CCE1A 10010 18 | BFAD892ACES7
= D8BC7A8BBBABAA 10011 19 | 41ADBBC7AB000000 21 & 54758B4FFEA3A 10011 19 | 3F754758B4FFESFA 10011 19 | 3F7S4FA1BDTE
= 6D542B0BBBBAAGO 10100 |20 | C1B6DS49B0000000 = CCA2605997661 Wer e po e 10100 |20 | 3FACD331C8BD
= 16A85D6BBBBHBA 10101 |21 | C1A16A85D6000000 & ggggg%ggggggg 10101 |21 | BF94BBB29C0BD23E 10101 |21 | BF94B8FF8316
= 2256DD6B0ARAAGE 10110 |22 | 41B9256DD6000000 = 10110 |22 | BFAAD3BAD04D721C 10110 |22 | BFAADEEF10SC
= A3AC3400000080 10111 23 | 41803AC340000000 & 15495DC86954A Mermm 23 | 3FA15495DC86952D 10111 23 | 3FAIS1F1BSTD
= 2AF6GD1 00008806 11000 |24 | C1B9AFE0D1000000 Z LU PRI NN | 11000  [2¢ | 3FAS5007030E1B6A 11000 |24 | 3FASBEAB3ETF
= 32CDD4408800BAA 11001 25 | 41932CDD44000000 = 78D82CAS1ASFS Merrm 25 | BFA70D82CAS1ASE3 11001 25 | BFA70B4ES097
= 8696AD6BBBBAAG 11010 26 | 41B8696AD6000000 % E68FBE15D3C04 Mg 26 | BFOEGBFBE1SD3BES 11010 26 | BF9EBDFS7638
= 68E61FABABBAA 11011 27 | C1A68E61F0000000 = B1FA41D565400 Mg 27 | 3FAB1FA41D56540D 11011 27 | 3FAB1FBCOACE
= T o clez s ol | 11700 |28 | C1B56A857F000000 = FC7B3BA76DFAL R Err e E e A= 11100 |28 | 3F9010A098A2
& BF?75270006800 11101 |29 | 41B0F77527000000 = D401D8A638B4B RE TN IRE e 11101 |29 | BFAD44F3D8FF
= BESD2E7ARRRR6 11110 |30 | 41BOEBD2E7000000 = D?E9?B8548D7CE R ENEE e 11110 |30 | BF3BB3C09GF7
s 5754418000000 11111 |31 | C1B5754418000000 = D47CE3F1FC?8A RENENESACEREE 11111 |31 | 3FADS3DBFDS6
Ops 819|2 us 163.?4 us 24578 us 327.?8 us 40918 us 491.|52 us 565.0 us
12.0us +537.315 us
Ext_start
sel_cnt 0 2X3f4X5X6X 748X 9 10 11 12 13 1 14 15 16 17 18 19 20 21 22 23 24 25 X 26 27 28 29 X 30 31
main_cnt:300003|A_next I | [ | ] || | ] /] il /] ]| [[]] [ ] 1] il 1] /]| 1L ]|
main_cnt:$00003|B_next 111 8 & 0 0 N 4 i ] ] [} || I | || i 1] 1] ] 1] 111} 1] 11111 1]} 1] ] 111111 111111
main_cnt:$00003|C_next I 11§ 1 0 0 0 W il Il ] il Il 1] il | Il I 1] /1] 1 I il il T i1 11111 IR
main_cnt:$00003|D_next I T Y I I | 1] i1 I} 1] 1] 1] 111} 1] 1) i
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ADC spectrum A Spectrum of filtered signals A
& # . —_— . - for 20 ms refreshment
E 600000 N =2 T e,
_z 500000 J\/ P S : 600000 I / —_
= £ 500000 — T
g 400000 e 5 B , ST
= = 400000
. B . \
£ 300000 s ) g 300000
S 200000 4 _— = 200000 1‘
T 100000 144 |l = 100000 144
g 0 SR 72 g 0 RTIG 72
2525 415 50 ey | time Bows 5 625 .o e, tme
frequency (MHz) 625 75 o (ms) frequency (MHz) S B gy W)
Spectrum of filtered signals for B Spectrum of filtered signals B
_ a smgle FIR coefficients calculatlon for 560 ps refreshment
2 — o _ ) T S
£ 1000000 T S € 600000 —
£ 800000 S £ 800000
=~ 600000 l+ . N & 400000 _I/ e S e T
g o - g 300000 - T
= 400000 7 Bl £ 200000 B
= 200000 144 = 100000 144
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2 2 12,5 T
7 . . 25 B :
12525 315 o e time || 550 g5 o o fime
frequency (MHz) : 75 g75  (ms) frequency (MHz) 5 g715 (ms)
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