Appendix A: Requirements and Verifications Table

Requirement Verification Pass/Fail?
1. Receiver Circuit 1. Receiver circuit will be connected to a |Pass
a) Must apply correct signal generator at the input and an
amount of gain to map oscilloscope at the output. We will use a
5Vpp to 3V voltage divider to supply power from the
b) Must bias signal so that | workbench.
it becomes centered a) We will apply a 60Hz 5Vpp
between 0 and 3V signal from the signal generator
c) Must apply a low-pass and make sure the output signal
filter with -3dB cutoff at has a max of 3V.
60kHz b) We will also be able to use the
60Hz 5Vpp signal to make sure
the output signal is between 0V
and 3V.
c) We will use the signal
generator to send a frequency
sweep and view the attenuation
with the oscilloscope to make
sure the cutoff is -3dB at 60kHz.
2. Transmitter Circuit 2. Transmitter circuit will be connected to [Pass
a) Must apply correct a signal generator at the input and an
amount of gain to map oscilloscope at the output. We will use a
1.5V to 3V voltage divider to supply power from the
workbench.
a) We will apply a 60Hz 1.5Vmax
signal and make sure the output
signal has a max of 3V.
3. Power 3. We will be able to use a multimeter to  [Pass

a) Discovery Board must
receive sufficient power
from the USB source

b) Discovery Board must
supply sufficient power to
power peripheral circuitry

measure the voltage and current supplied
at the input of the USB power supply and
the Vdd pins we are using to supply our
Pre-Amp and transmitter circuits .
a) The USB cable will be hooked
up to the computer and using a
multimeter we will measure to see
if it outputs at 3V.
b) Then we will measure the Vdd
,which can be manually set in the
code, using a multimeter off of the
Vdd pins.




4. Transducers 4. We will drive the transducer using a Pass
a) Transducers should signal generator and measure the voltage
have a flat or near flat across the terminals using an
frequency response from | oscilloscope.
22kHz to 30kHz a) We will send a signal out of the
b) Transducers should be speaker and measure the
able to output at around response at the mic input. The
100dB mic input will be connected to an

oscilloscope, which we will use to
view whether the mic can pick up
the ultrasonic frequencies or not.
b) We will drive the signal
generator at 500Hz and 16Vpp.
We will then measure the sounds
pressure level using a sound
level meter to verify that around
100dB are being produced.

5. Input Buffer 5. The processing will be done on an Pass
a) Input buffer must be STM32F4 Discovery Board using a
able to obtain reflected Cortex-M4 DSP. Coding, compiling, and
signal from the ADC and debugging of the DSP will be handled by
then be able to send itto | the program Keil uVision which is pre-
rest of code installed on the lab computers.

a) We will connect a signal
generator to the necessary ADC
pin. The signal generator will
send out a 0V-1V 30kHz signal.
The input buffer is working when
the discretized signal shows up in
the correct memory location
using the Keil debugger.

6. Output Buffer 6. The processing will be done on an Pass

a) Output buffer must be STM32F4 Discovery Board using a
able to obtain entire chirp Cortex-M4 DSP. Coding, compiling, and
signal and then be able to debugging of the DSP will be handled by
send it to the DAC the program Keil uVision which is pre-
installed on the lab computers.
a) We will connect the pin for the
necessary DAC to an
oscilloscope. If the chirp is sent
out correctly, it will show up on
the oscilloscope.
7. High-Pass Filter 7. The processing will be done on an Fall

a) The reflected signal must
be high-pass filtered with a

STM32F4 Discovery Board using a
Cortex-M4 DSP. Coding, compiling, and




cutoff of 22kHz

debugging of the DSP will be handled by

the program Keil uVision which is pre-

installed on the lab computers.
a) We will connect a signal
generator to the ADC pin and an
oscilloscope to the DAC pin. We
will send in a frequency sweep
into the Discovery Board and
show the filtered signal with the
oscilloscope in order to verify a -
3dB cutoff at 22kHz.

8. Cross Correlation 8. The processing will be done on an Pass
a) In time-domain mode, the | STM32F4 Discovery Board using a
reflected signal must be Cortex-M4 DSP. Coding, compiling, and
properly cross-correlated debugging of the DSP will be handled by
with the chirp the program Keil uVision which is pre-
installed on the lab computers.
a) We will send the cross-
correlated signal that is stored in
memory to MATLAB for analysis.
9. Power Spectrum 9. The processing will be done on an Fail
a) In frequency domain STM32F4 Discovery Board using a
mode, the power spectrum | Cortex-M4 DSP. Coding, compiling, and
must be correctly calculated | debugging of the DSP will be handled by
the program Keil uVision which is pre-
installed on the lab computers.
a) We will send the power
spectrum signal to a second DAC.
The second DAC is set up with
the express purpose of being
hooked to an oscilloscope which
can then output data to MATLAB
for analysis.
10. Output Link 6. We will hook the designated USART Falil

a) Output pin must send
information correctly using
USART protocols

pin on the Discovery Board to an

oscilloscope.
a) We will program USART to
output an 8 bit word which we
can read using an oscilloscope at
the output pin. It will be working
properly when the correct 8 bit
word can be read on the
oscilloscope.
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Figure B.2: Hardware Schematic

Figure B.3: PCB Design in Eagle
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Figure B.4: Software Flowchart
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Figure B.5: Low-Pass Filter Hardware pSpice Simulation
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Figure B.6: pSpice Simulation Showing Correct Biasing and Scaling of Input Signal
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Figure B.7: pSpice Simulation Showing Correct Amplification of Output Signal
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Figure B.11: MATLAB Simulated Reflected Signal Without Noise
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Figure B.13: MATLAB Simulated Reflected Signal With Initial Recorded Chirp Removed
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Figure B.14: MATLAB Simulated Cross-correlation Computed in Time Domain
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Figure B.15: MATLAB Simulated Cross-correlation Computed in Frequency Domain
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Figure B.16: MATLAB Simulated Power Spectrum
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Figure B.17: Verification of Input Circuit
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Figure: B.18: Verification at Mic Input
‘' Agilent Technologies MON DEC 03 12:45:44 2012

Do/ B s/ B B %

ARARRAARAARAAAAAAAA
V VU VVV VY
A

VU
WA
AR

A
il

Figure: B.19: Verification at ADC Input



i Agilent Technologies MON DEC 03 13:52:04 2012

Undo
Autoscale _ All Normal
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Appendix C: Pictures

Figure C.1: Picture of Complete System

Appendix D: MATLAB Code

% script for main program for echolocation sensor simulator %

% generate chirp %
t = linspace(0,0.001,256);
Chirp = chirp(t,22000,0.001,40000);

% generate reflected signal %
ref_signal = zeros(1,8448);
ref_signal(1:256) = Chirp;
ref_signal(1001:1256) = Chirp;



ref_signal(3001:3256) = (0.5)*Chirp;
ref_signal(3257:3512) = (0.4)*Chirp;
ref_signal(5001:5256) = (0.25)*Chirp;

%plot(ref_signal)

ref_signal = ref_signal + 0.25*randn(1,8448);

%figure
%plot(ref_signal)

% high-pass the received chirp %
[B,A] = butter(2,0.22,'high’);
ref_signal = filter(B,A,ref_signal);

% throw out initial received chirp %
ref_chirp = ref_signal(1:256);
ref_signal = ref_signal(257:8448);

Y%figure
%plot(ref_signal)

% complete match filtering/fourier stuff %

timel = cputime;
p = cross_corr(ref_signal,ref_chirp);
time_1 = cputime - timel

figure

plot(p)
title('time domain’)

time2 = cputime;
[h,z] = freq_cross_corr(ref_signal,ref_chirp,0);
time_2 = cputime - time2

figure
plot(h)
title('frequency domain')

figure

plot(z)
title('power spectrum?’)

window = hamming(length(ref_signal));
m = ref_signal.*window’;
fft_m = abs(fft(m)).”2;

figure
plot(fft_m)

%figure
%plot(Chirp)



function [ Corr_Signal ] = cross_corr( signal, part )
%CROSS_CORR does cross correlation in the time domain.

part_len = length(part);
signal_len = length(signal);

Corr_Signal = zeros(1,signal_len);
zero_padded_signal = zeros(1,signal_len + part_len);

for i = 1:signal_len
zero_padded_signal(i) = signal(i);
end

for i = (signal_len+1):(signal_len + part_len)
zero_padded_signal(i) = 0;
end

for i = 1:signal_len
Corr_Signal(i) = 0;
for j = 1:part_len
Corr_Signal(i) = Corr_Signal(i) + part(j)*zero_padded_signal(i+j);
end

end

function [Corr_Signal,Power_Spec] = freq_cross_corr( signal, part, mode)

% cross correlation in the frequency domain
% 50 percent overlap

% set Corr_Signal to all zeros

fori=1:8192
Corr_Signal(i) = 0;

end

for i =1:2048
Power_Spec(i) = 0;

end

% create windows
windowl = hamming(256);
window2 = hamming(2048);

% window the part
fori=1:256

windowed_part(i) = part(i)*window1(i);
end

% zero pad the part

for i = 257:2048
windowed_part(i) = 0;

end



% fft and conjugate the part
p_fft = fft(windowed_part);
p_fft_conj = conj(p_fft);

fori=1:1024:6145

for j =1:2048
windowed_signal(j) = signal(i+j-1)*window2(j);
end

s_fft = fft(windowed_signal);
if mode ==

for j=1:2048
mult_fft(j) = s_fft(j)*p_fft_conj(j);
end

ifft_corr = ifft(mult_fft);

for j=i:(i+2047)
Corr_Signal(j) = Corr_Signal(j) + ifft_corr(j-i+1);
end

else

for j = 1:2048

s_conj(j) = conj(s_fft(j));

s_power(j) = s_fft(j)*s_conj(j);

Power_Spec(j) = Power_Spec(j) + s_power(j);
end

end
end

%for j = 1:2048
%Power_Spec(j) = Power_Spec(j)/8;
%end

Appendix E: Keil uVision C Code

/**
*kkkkkkkkkkkkhkhkkkkkhkkhhkkhhkhkkhkkhhhkhhhhkhkhhhhhhhhkkhhkhhhkhhkhhhhhhkkhhhkhhkhhkhhkiikik
* @file  main.h

* @author MCD Application Team, Matthew Lurie, Kyle Spesard
* @version V1.0.0



* @date 19-September-2011
* @brief Header for main.c module

kkkkkkkkkkkkkkkkkkkkkhkhkhkkkkkhkhkhkkkkkhkhkkkkkhhkkhkkkkkhkhkhkkkkkkhkkkkkkkkkkhkkkkkkkkk

* @attention

*

* THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING
CUSTOMERS

*WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM
TO SAVE

* TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY
* DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS
ARISING

* FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS
OF THE

* CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR
PRODUCTS.

*

* <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

kkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkkhkhkkkkkkkhkkhkkkhkhkhkhkkkkkhkhkkkkkkkhkkkkkkkhkkhkkkkkk

*/

/* Define to prevent recursive inclusion ----- *
#ifndef _ STM32F4_DISCOVERY_DEMO_H
#define __ STM32F4_DISCOVERY_DEMO_H

/* Includes - e */
#include "stm32f4_discovery.h"

#include "stm32f4_discovery_audio_codec.h"

#include "stm32f4_discovery_lis302dl.h"

#include "selftest.h"

#include <stdio.h>

#include "seven_sine.h"

#define ARM_MATH_CM4

[* Exported types - e nE TR EE e R e *
[* Exported constants */
/* TIM2 Autoreload and Capture Compare register values */
#define TIM_ARR (uintl6_t)1999

#define TIM_CCR (uint16_t)1000

/* MEMS Microphone SPI Interface */

#define SPI_SCK_PIN GPIO_Pin_10

#define SPI_SCK_GPIO_PORT GPIOB

#define SPI_SCK_GPIO_CLK RCC_AHB1Periph_GPIOB



#define SPI_SCK_SOURCE GPIO_PinSourcel0

#define SPI_SCK_AF GPIO_AF_SPI2

#define SPI_MOSI_PIN GPIO_Pin_3

#define SPI_MOSI_GPIO_PORT GPIOC

#define SPI_MOSI_GPIO_CLK RCC_AHB1Periph_GPIOC
#define SPI_MOSI_SOURCE GPIO_PinSource3

#define SPI_MOSI_AF GPIO_AF_SPI2

[* Exported macro -- */

#define ABS(x) (x<0)?(-x): X

#define MAX(a,b) (a<b)?(():a

/* Exported functions -- */
void TimingDelay Decrement(void);

void Delay(__10 uint32_t nTime);

void Fail_Handler(void);

void Timer_Config(void);

void Input_Config(void);

void Output_Config(uint32_t* buffer);

void ADC3_CH12_DMA_Config(void);

#endif ¥ __STM32F4_DISCOVERY_DEMO_H */

[rrxvreescacssk (C) COPYRIGHT 2011 STMicroelectronics ****END OF FILE****/

/**

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkkkkhkhkkkkkhhkkkkkkhkkkkkkhkhkkkkkkkkkkkkkkkkkkk

* @file main.c

* @author MCD Application Team, Matthew Lurie, Kyle Spesard
* @version V1.0.0

* @date 19-September-2011

* @brief Main program body

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkkkkhkhkkkkkhhkkkkkkhkkkkkkhkhkkkkkkkkkkhkkkkkkkkkk

* @attention

*

* THE PRESENT FIRMWARE WHICH IS FOR GUIDANCE ONLY AIMS AT PROVIDING
CUSTOMERS

* WITH CODING INFORMATION REGARDING THEIR PRODUCTS IN ORDER FOR THEM
TO SAVE

* TIME. AS A RESULT, STMICROELECTRONICS SHALL NOT BE HELD LIABLE FOR ANY
* DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES WITH RESPECT TO ANY CLAIMS
ARISING

* FROM THE CONTENT OF SUCH FIRMWARE AND/OR THE USE MADE BY CUSTOMERS
OF THE



* CODING INFORMATION CONTAINED HEREIN IN CONNECTION WITH THEIR
PRODUCTS.

*

* <h2><center>&copy; COPYRIGHT 2011 STMicroelectronics</center></h2>

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkhkkkkkkkkkkkkkhkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkx

*/

/* Includes - e e e R */
#include "main.h"

#include "usbd_hid_core.h"

#include "usbd_usr.h"

#include "usbd_desc.h"

#define ARM_MATH_CM4

#include "arm_math.h"

/** @addtogroup STM32F4-Discovery_Demo

* @p{

*/

[* Private typedef - */
/* Private define */

#define TESTRESULT_ADDRESS OX080FFFFC
#define ALLTEST_PASS 0x00000000

#define ALLTEST_FAIL 0X55555555

#define ADC1_DR_ADDRESS  ((uint32_t)0x4001204C)
#define ADC3_DR_ADDRESS  ((uint32_t)0x4001224C)

/* Private macro - */
[* Private variables - *
#ifdef USB_OTG_HS_INTERNAL_DMA_ENABLED
#if defined (__ICCARM__ ) /*I< IAR Compiler */
#pragma data_alignment = 4
#endif
#endif /* USB_OTG_HS_INTERNAL_DMA_ENABLED */
__ALIGN_BEGIN USB_OTG_CORE_HANDLE USB_OTG_dev __ ALIGN_END:;

uintl6_t PrescalerValue = 0;

__10 uint32_t TimingDelay;

__ 10O uint8_t DemoEnterCondition = 0x00;

__ 1O uint8_t UserButtonPressed = 0x00;
LIS302DL_InitTypeDef LIS302DL_InitStruct;
LIS302DL_FilterConfigTypeDef LIS302DL_FilterStruct;



__10int8_t X_Offset, Y_Offset, Z_Offset = 0x00;
uint32_t Buffer[4096];

__ 10 uint16_t ADC1ConvertedValue = 0;

__ 10 uint32_t ADC1ConvertedVoltage = 0;

__10 uint16_t ADC3ConvertedValue = 0;

__ 10 uint32_t ADC3ConvertedVoltage = 0;

uint32_t seven_sine[4096] =
{0.5,0.000892773148988668,0.559625283885443,0.991984159327325,0.38160038148
4878,0.0221603180236262,0.675484199055719,0.956875659371208,0.26993566380175,0.07
0608717972496,0.781361083092391,0.895778796471002,0.171357647821766,0.1434820927
55278,0.871233363259801,0.812168930749758,0.0914737262896523,0.236635201377085,0.
939988853369651,0.71080202477955,0.0348279196705017,0.344769234968051,0.98371654
9202798,0.597444111153515,0.00464239958028329,0.461733227824836,0.99992909734778
9,0.478543304454648,0.00263420266933362,0.58087394151045,0.987704282806211,0.3608
63014498196,0.0289175607841363,0.695414319630937,0.947737487156532,0.25109722469
9401,0.0819974031410747,0.798838985721318,0.882302133309095,0.155489719610324,0.1
58854400126125,0.8852648560488,0.795120366863363,0.0794789210237022,0.2551167111
92668,0.949775785837754,0.691151330076473,0.0273885353586878,0.365308667356559,0.
988702213309492,0.576309072005903,0.00218160917066401,0.48316224253271,0.9998298
94600421,0.45712614089149,0.00529198279002291,0.601973596358585,0.98252585613397,
0.340381994571957,0.0365427294821948,0.714984407348529,0.937774399925122,0.232717
365999729,0.0941562195341514,0.815766305086642,0.868121113733636,0.1402565198099
03,0.174855236794557,0.898586533880847,0.77752807092562,0.0682588870531977,0.2740
49395878353,0.958734047911645,0.67114845668116,0.0208198940729502,0.386096256100
275,0.992787488670236,0.555033440432855,0.000638003223134453,0.504622279255574,0.
998809801380828,0.435787968458802,0.0088612167963083,0.622885374262565,0.9764584
20084087,0.320195056096198,0.0450217754479281,0.734158406127988,0.92700475374591
4,0.214829950896584,0.107062765654383,0.83211185416381,0.853261864964449,0.125686
114186238,0.191455122695605,0.911173852792823,0.759424455118561,0.05783429625604
16,0.293398373707916,0.966847134819785,0.650830258041956,0.0151340979285906,0.407
093701984897,0.995964848541952,0.533656414822336,1.44256892731232¢e-
05,0.526073799854852,0.996870697116638,0.414568100770539,0.0133353287037611,0.643
570747200457,
0.969513153347772,
0.300339391643264,0.054339076821427,0.752900989644916,0.915448390698003,0.1974679
35302404,0.120693262381027,0.847845517786173,0.837751763796941,0.111805347367262,
0.208623474069569,0.923003621811229,0.74084287368486,0.0482243549786832,0.3131279
95975639,0.974100098947821,0.63023416856704,0.0103416224806474,0.428262319153145,
0.99822843893228,0.512217380372261,0.000312025453162001,0.547477281884075,0.99401
6154428655,0.393505633476086,0.0187060753743249,0.663991604280389,0.961702851938
47,0.280851583442411,0.0644774673343325,0.77117762641816,0.903126602314957,0.1806
63307129301,0.135022596781258,0.862938308130269,0.821619386162077,0.098639793384
5458,0.226328659813491,0.934054045678156,0.721817561473399,0.0394467686516528,0.3



33201912672115,0.980479577378729,0.609398134650012,0.00645129742303463,0.4495631
06380661,0.999574089384757,0.490755836525885,0.00153025421468922,0.5687932913997
79,0.990251432548335,0.372639372227561,0.0249635617018783,0.684110321957848,0.953
041905616094,0.261767535982954,0.0754182679373758,0.788954643430457,0.8900620903
54968,0.164447027354483,0.150024368377654,0.877362418122474,0.804894454476779,0.0
862137085587267,0.244538059756307,0.944304765006336,0.702383570866427,0.03151770
91680387,0.35358313945762,0.985973816511836,0.588360544761705,0.0034702903207943
8,0.470956818931035,0.9999993206625,0.469311324198858,0.00366686749963163,0.58998
2555623957,0.985583467628284,0.352007761186879,0.0320962588458455,0.703889833351,
0.943546271374285,0.243122409861862,0.0871413212142053,0.806199288167145,0.876278
92497674,0.148848972978154,0.165670937791886,0.891091272670971,0.787607782884419,
0.0745499868031827,0.263218124758042,0.953736893792271,0.682576707201377,0.024451
7850884958,0.37423412580106,0.990572693718197,0.567160158720802,0.00140409340451
908,0.492404040865152,0.999503349316069,0.447923352925101,0.00671792879529198,0.6
11006035288365,0.980020859963906,0.33164881219415,0.0400910254691159,0.723293696
53392,0.933233444044331,0.224950557004028,0.0996250285221304,0.822879788963246,0.
861802500389211,

0.133897881975285,
0.181933477660532,0.904099577626021,0.769791220484966,0.06367011744983,0.28233443
852132,0.962333054207524,0.662433462794903,0.0182620147263197,0.395116824167756,0
.994267735991327,0.545836036283785,0.000256513451452556,0.513865257651443,0.99808
7089127035,0.426631328069587,0.0106778168024309,0.631824996574667,0.973573858146
031,0.311600034733966,0.0489331319523689,0.742286161680314,0.922122424059346,0.20
7285457372754,0.112846389779926,0.838965413531969,0.846659488071706,0.1196213003
52506,0.198782025756106,0.916363366387441,0.751477592648859,0.0535941456543005,0.
301851781003938,0.970077408619928,0.641990949717471,0.0129598021624057,0.4161927
60107935,0.997052135555975,0.524427465176411,2.96647717085152¢-
05,0.535300928981377,0.995753149423912,0.405474478223062,0.0155392357930244,0.652
401082462817,0.966254340181326,0.291898366832682,0.0586062875297594,0.7608322369
25898,0.910233682446697,0.190159657283035,0.126781045850759,0.854426525596004,0.8
30877787625617,0.106045531394466,0.21618554018232,0.927860044055185,0.7327006405
46728,0.0443406354651342,0.321734193300362,0.976955688770883,0.621286831413637,0.
00855491623428167,0.437423103160107,0.998920762413568,0.502973888718752,0.000723
965313042363,0.556671561603403,0.99250583027585,0.384491782933243,0.021293229051
4175,0.672696383418763,0.958075791605806,0.272580106991761,0.0690926703044701,0.7
78897752833227,0.897589123119658,0.173604709442466,0.141403323415724,0.869234639
481942,0.814486475378806,0.0931955872031232,0.23411195656929,0.938568429061204,0.
713494958980672,0.0359266356212324,0.341945043900877,0.982955222063723,0.6003592
53311451,0.00505547253818411,0.458768738368475,0.999870173790906,0.4815148331454
66,0.00233813589101911,0.577937782104653,0.988351114568191,0.363721900876124,0.02
79291953742544,0.69267350721583,0.949053280641056,0.253680847324565,0.0803729600
835918,0.79644942536041,0.884212042509229,0.157651114815275,0.156686282277292,0.8
83362472604807,0.797515750812015,0.0810951426152637,0.25252824714851,0.948468792
193955,0.693895932647284,0.0283676481411285,



0.362447096175924,
0.988064954911804,0.579246772544825,0.00246791847553113,0.480190338374682,0.99989
8620485343,0.46008983478688,0.00486920254470707,0.599060409430211,0.983296656981
596,0.343203098643464,0.0354349086073175,0.7122956478514,0.939203430431215,0.2352
35407973602,0.0924263739727425,0.813454917168381,0.870127086652238,0.14232826642
7867,0.172601764993589,0.896783995738843,0.779996880919732,0.0697664915847193,0.2
71400481603461,0.957542892946927,0.673939670944601,0.0216775997619494,0.38320257
6990713,0.992275473103718,0.557988286908399,0.000797021376758744,0.5016484358550
22,0.999006050086359,0.438738367227852,0.00831250201814099,0.620000527087802,0.97
7351769887902,0.322973180239025,0.0437965401658407,0.731526653341371,0.928544388
41666,0.217277772959312,0.1052307046719,0.829882897207214,0.85536020578548,0.1276
64395214886,0.189120448754467,0.909474480962289,0.761962142603646,0.059230506103
184,0.290693889583097,0.965774013128092,0.653662941443876,0.0158688162811415,0.40
4173246281261,0.995579019147869,0.536622963200862,4.5859715400276e-
05,0.523103496244366,0.997194107072684,0.4174997685741,0.012661690348921,0.640719
554845885,0.970527406192557,0.30306941742121,0.0529986845150253,0.75033109232732
4,0.917095792899022,0.199841027569099,0.118762361379772,0.845703098440457,0.83993
8606517227,0.113686518006322,0.20621189941319,0.921410547227967,0.74344476320701
6,0.0495065977547576,0.310372924761318,0.97314698765761,0.633103102148716,0.01095
19998454322,0.425320467525662,0.997969506565978,0.515190165063848,0.000215817437
396015,0.544515990574953,0.994466129782407,0.396413168986227,0.0179087545585245,0
.661179319805331,0.962836139157289,0.283528481033545,0.0630243875536759,0.7686743
19369943,0.904878736859428,0.18295729739347,0.132996413268202,0.860886373601531,0
.823890701726571,0.100420387752587,0.223844627544309,0.932570203434867,0.72447885
9288415,0.0406126819426291,0.330401330334506,0.979648232508804,0.61229803266818,0
.00693620923576321,0.446605278917764,0.999442531105263,0.493729380450792,0.001306
58141142415,0.565846468297622,
0.99082714426157,0.375517418577007,0.0240440274160684,0.681342126736586,0.9542921
39232322,0.264386373450404,0.0738551778461493,0.786522538763925,0.89191572909775
4,0.166657689152135,0.147906635409658,0.875404748914298,0.807246058196414,0.08789
04460726453,0.24198614647426,0.942932888945044,0.705099373781001,0.0325651448868
779,0.350742205813067,0.985265769737991,0.591286064420025,0.00382884317656279,0.4
67988465159676,0.999995378853645,0.472280148873982,0.00331614200569297,0.5870556
299749,0.986283855005497,0.354851015844248,0.0310562052468755,0.701170827526202,0
.944911147947897,0.245678362237611,0.0854711006631063,0.803842866811507,0.8782306
52756598,0.150972233366908,0.163465557093942,0.889231475605314,0.790035342148498,
0.0761197782293278,0.260603032129539,0.952479511468146,0.685342011595815,0.025378
8134307921,0.371358075005141,0.989989249551987,0.570105910019178,0.0016356267029
1362,0.489430629701515,0.999627031240381,0.450881988565757,0.00624079678955952,0.
608104399686502,0.98084463260553,0.334452036723258,0.0389323687601554,0.72062888
9627135,0.934710448915762,0.227438915184737,0.0978507547374239,0.820603392406037,
0.863848721330075,0.135929829047018,0.179644512447172,0.902341079210826,0.7722902
62735037,0.065130070591412,0.279660984610919,0.961192482232624,0.665243173858595,
0.0190669277273719,0.392210955076954,0.99380996937474,0.548796591944475,0.0003606



00613406592,0.510892267334939,0.998338166912055,0.429574323660737,0.010075157356
6432,0.628953997015908,0.974519498327756,0.314358064451366,0.0476580068504241,0.7
39680463348351,0.92370883598192,0.209701636787199,0.110971331699617,0.8367732358
23895,0.848796432197696,0.12155819043207,0.196413693231116,0.914709406491094,0.75
4043513633903,0.0549415706824705,0.299124891402141,0.969055748392758,0.644839890
810166,0.0136411168452555,0.413262426524209,0.996720889881577,0.527397370654143,6
.11402642425318e-
06,0.53233383696696,0.996131160481843,0.408396411571307,0.0148121592521933,0.6495
66008498113,0.967320105646877,0.294606120323909,0.057217043336751,0.758290447929
201,

0.911926578606214,
0.192499206341334,0.124808658093562,0.852322605624259,0.833101517817544,0.1078837
95938188,0.21374220378279,0.926313669948252,0.735328712790899,0.045573049875232,0
.318958892053856,0.976054822603795,0.624169753624135,0.00911137733932438,0.434473
70394921,0.998716647970977,0.505947672232119,0.000572820050682155,0.553715834487
127,0.993010078155643,0.387387270643235,0.0204430749866241,0.669902458406946,0.95
9259718780774,0.275232595472413,0.0675918665729797,0.776424556186565,0.899385384
509161,0.175863317741396,0.139337239924014,0.867222853522411,0.81679289461903,0.0
949318393804143,0.231598117914162,0.937132489793426,0.716180340506505,0.03704176
88032539,0.339126444242804,0.982176809721896,0.603270845125046,0.005486054836217
61,0.455805707526379,0.999793566642092,0.484487015776305,0.00205967458241652,0.57
4998865541071,0.988980670240485,0.366585608277107,0.0269575301159583,0.689925878
712829,0.950353188250274,0.256273183826058,0.0787633619078726,0.794049377695876,0
.886108359681665,0.159824621080165,0.154530309621827,0.881446527191171,0.79990060
9733037,0.082726183539523,0.249948537756675,0.947145933352734,0.696633675883762,0
.0293634455636824,0.359590391117842,0.98741043054802,0.582181669620427,0.00277182
865906184,0.477219135014194,0.999949661771978,0.46305494055924,0.004463938229331
11,0.596143718103764,0.984050360548292,0.346029749620493,0.0343435223584497,0.709
599378104198,0.940616923514967,0.237762816358245,0.0907109468901355,0.8111324403
52488,0.872119965819251,0.14441266617382,0.170359875352475,0.8949674208191,0.7824
557856419,0.0712893162145807,0.268759654348351,0.956335551776754,0.6767247318557
06,0.0225522267613725,0.380313029751689,0.991746042617928,0.560941081967082,0.000
97369951943288,0.498674534144252,0.999184645769705,0.441690933209694,0.007781181
35744704,0.617111434731397,0.978228232718797,0.325757566950137,0.042587443706209
7,0.728886709979938,0.930068862742615,0.219735596710224,0.103412609194366,0.82764
2270192095,0.857445975249749,0.129655848127543,0.186796772606713,0.9077606234115
49,0.764490562821927,

0.0606423087747267,
0.28799680994854,0.964684414043036,0.656490188811852,0.0166206614363366,0.4012561
80580256,0.995175657967299,0.539588215995543,9.49803037869623e-
05,0.520132375315608,0.99749992810679,0.420434354933176,0.0120052922538972,0.6378
63384343928,0.971525013487413,0.305806409885666,0.0516741054918528,0.74775233920
3762,0.918728439765719,0.202224738365363,0.116844947181442,0.843548449370634,0.84
2113423442161,0.115581355014957,0.203810717912063,0.919802564668563,0.7460380405



32559,0.050804777352604,0.307624561866131,0.972177138143026,0.635967327027644,0.0
115796779525166,0.422381257787104,0.997692957846928,0.518162412384363,0.00013728
9971515908,0.54155312444627,0.994898612719595,0.39932436902147,0.017128488381160
8,0.65836133339544,0.963953052914943,0.286213036600263,0.0615867663805976,0.76616
1507600542,0.906616548263637,0.185262503476675,0.130983213007739,0.8588216722256
76,0.826150559213981,0.102215117796039,0.221370364649572,0.931071058428305,0.7271
32215856401,0.0417948466904852,0.327606747785493,0.978799919425863,0.61519395798
9666,0.00743856385587638,0.443649340369857,0.999293304362298,0.496703146207452,0.
00110055057097425,0.562897315785584,0.991385492292636,0.378399868672636,0.023141
3307253545,0.678567516291821,0.955526301642804,0.267013546073333,0.0723071632129
568,0.784080297969489,0.893755503283259,0.168880143388447,0.145801358225277,0.873
433799247871,0.80958679266745,0.0895817625232441,0.239443360784032,0.94154534352
6708,0.707807921025204,0.0336291167531481,0.347906552365631,0.984540556023487,0.5
94208354703453,0.00420494876665534,0.465021243841104,0.999973749023555,0.4752499
54175889,0.0029829873830407,0.584125624615514,0.986967039425853,0.35769940534481
7,0.0300327411770986,0.698444705008736,0.946260285180005,0.248243311591895,0.0838
155446394432,0.801475696595496,0.880169000109195,0.153107841093441,0.16127208176
3429,0.887357908943775,0.792452641011491,0.0777045649968153,0.257996408490208,0.9
51206122063262,0.68810075926618,0.0263226321474912,0.368486575092596,0.989388471
345671,0.573049181221387,

0.00188479032345434,
0.486457592443826,0.999733038174174,0.453842361824233,0.00578113219162674,0.60519
8939746136,0.981651394709104,0.337261117739119,0.0377900229493044,0.717956277672
906,0.936172075310242,0.229936915587815,0.0960907075324114,0.818315654066911,0.86
5882070624809,0.137974655600831,0.177366880249243,0.900568347427932,0.7747796723
45732,0.0666054078531292,0.27699532549571,0.960035594941435,0.668047039213588,0.0
198888543959299,0.389308899176544,0.993334733554007,0.551755421361621,0.00048236
3203228364,0.507918891686836,0.99857161530166,0.432519810662929,0.00948982967375
35,0.626078435531166,0.975448351731021,0.317122661511518,0.0463988839674371,0.737
066285994992,0.925280258628074,0.212128085900791,0.109110036038869,0.83456914430
4143,0.850921037177482,0.123508468406477,0.194056100490325,0.913040775681606,0.75
6600447478652,0.0563047402636619,0.296405108032381,0.968017494673663,0.647683707
989908,0.0143396371387329,0.410335161399127,0.996372072025311,0.53036630690874,2.
51249528515629e-
07,0.529365601098784,0.99649162022016,0.411321585518351,0.0141022468951761,0.6467
25643429316,0.968369339023144,0.297321139906541,0.0558434631963098,0.75573952155
4215,0.913604902296892,0.194849633662716,0.122849543242647,0.850206221759196,0.83
5313464088505,0.109735932130697,0.211308994143294,0.924752214412445,0.7379484599
61216,0.046821540261714,0.316189995379372,0.975137115347144,0.62704828316133,0.00
968520430054992,0.431526622822565,0.998494890743922,0.508921245340254,0.00043934
2708360713,0.550758207103269,0.99349688512944,0.390286742179186,0.01960988590320
57,0.667102522868142,0.960427399015756,0.277893035407788,0.0661063598731401,0.773
941580639683,0.901167517091614,0.17813339282486,0.137283915373824,0.865198076554
061,0.819088106876803,0.096682421398572,0.22909377434621,0.935681086367014,0.7188



58074356764,0.038173279765267,0.336313535710498,0.981381339715151,0.606178783591
079,0.00593413124192871,0.452844240119707,0.99969927861146,0.487459747200203,0.00
179882859499403,0.572057295789919,0.989592927552368,0.369454035393127,0.02600259
93833589,

0.687171531320113,
0.951637163999561,0.25887414249582,0.077168665554062,0.791638927630481,0.88799101
774332,0.162010161516232,0.15238655842841,0.879517087581962,0.802274859257882,0.0
843719860974314,0.247377674276146,0.945807256111012,0.69936446293637,0.030375892
3994248,0.35673865324543,0.986738663371588,0.585113659403344,0.00309332897021919,
0.474248737550733,0.999983016654789,0.466021353315483,0.00407620418117183,0.59322
3625556276,0.984786940169754,0.348861847507696,0.0332686093451304,0.706895693491
979,0.942014829169986,0.240299501739248,0.089009998963014,0.808798956803325,0.874
099680734129,0.146509645308635,0.168129647182166,0.893136873388241,0.78490469810
0876,0.0728273070728676,0.26612700753712,0.955112067112321,0.679503540887421,0.02
34437441295725,0.377427716599595,0.991199215943183,0.563891721153346,0.001168031
40083382,0.495700679318195,0.999345582112643,0.444645561956426,0.007267273612766
58,0.614218199399396,0.979087777571633,0.328548117725918,0.0413945288428255,0.726
23866943771,0.931578122794568,0.222203335193661,0.101608543539935,0.825390052381
64,0.85951909957573,0.131660402470492,0.184484176449166,0.906032340769341,0.76700
9626319738,0.0620696543253391,0.285307230215488,0.963578376111874,0.659311900123
375,0.0173896067984637,0.398342608075293,0.99475477927028,0.542552068293809,0.000
161785716752683,0.517160542180141,0.99778814939949,0.423371756039489,0.011366157
638723,0.635002336739468,0.972505939938614,0.308550272217637,0.0503653866111186,0
.745164821505109,0.920346273536528,0.204618983373633,0.114941087617783,0.84138164
6807944,0.844276137636294,0.117489791357223,0.201420014512379,0.918179731016578,0
.748622613933426,0.0521188478449449,0.304883004513816,0.97119058471921,0.63882674
1876189,0.0122246345968964,0.419444793917839,0.997398802557481,0.521134017184669,
7.6445833505856e€-
05,0.538588788326158,0.995313587940437,0.4022391305968,0.0163653044433404,0.65553
7744727903,0.965053553696695,0.288905155175203,0.0601646546777729,0.763639280001
803,0.908339975049614,0.187578843831217,0.128983067222667,0.856744277039292,
0.828398878677384,
0.104023920022188,0.218905958661223,0.929556663691847,0.729777537316082,0.0429932
210708939,0.324818263883831,0.977934668139609,0.618085808167146,0.00795834351033
919,0.440695395303695,0.999126414434892,0.499677028594829,0.000912168981458683,0.
559945938189455,0.991926456888376,0.381286620537663,0.0222555035619433,0.6757865
88769847,0.956744349185105,0.269648960911111,0.0707742787976287,0.78162800744550
4,0.895581347827547,0.171114311443082,0.143708611305428,0.87144963884943,0.811916
575084603,0.0912875980861901,0.236909792644806,0.940142177836365,0.7105091167829
36,0.034709587128689,0.345076279435636,0.983798201022863,0.597127312242693,0.0045
9859378560784,0.462055259945743,0.999934431937523,0.478220635042741,0.0026674154
1780552,0.581192643191579,0.987632996719128,0.36055282892203,0.0290259028420265,0
.695711562238087,0.947593635344264,0.250817167180624,0.0821747117097782,0.7990978
61265334,0.882093898464015,0.155255720602481,0.159090589399526,0.885470638965774,



0.794859593964798,0.0793042910474866,0.255398346065684,0.949916770623985,0.690852
852614608,0.0272832078497135,0.365619727651051,0.988770380352074,0.5759898682123
82,0.00215157545163708,0.483485034270984,0.99982136636747,0.456804367968742,0.005
33895126290679,0.602289758245669,0.982441117736987,0.340075955862341,0.036664028
4493241,0.715275955213628,0.93761827152028,0.232444469839244,0.0943449491759712,0
.816016654872842,0.867902476340271,0.140032289294421,0.175100661639699,0.89878144
499342,0.777259361249245,0.0680960770438502,0.274337555469724,0.958862433262564,0
.670844959677885,0.0207277656506408,0.38641075912185,0.992842045342134,0.55471241
9859864,0.000621796913610084,0.504945235897095,0.998787426037693,0.4354676848620
15,0.00892185445978227,0.623198413849121,0.976360385500035,0.319893728101173,0.04
51558078450342,0.734443722093943,0.926836636400784,0.214564718880507,0.107262568
648116,0.832353216940077,0.853033227842434,0.125472065286744,0.191709330928172,0.
911357532991144,0.759148303731214,0.0576836061722457,0.29369252711072,0.96696268
4197369,

0.650522300656262,
0.015055338333435,0.407411068290494,0.996005694327743,0.53333416891365,1.20766483
998613e-
05,0.526396326382257,0.996834515887987,0.4142498965929,0.0134095238373815,0.64388
0087739962,0.96940200319397,0.300043329531389,0.0544855957032203,0.7531795480434
54,0.915268594149839,0.197210856096169,0.120903770607967,0.84807744886951,0.83751
3548183824,0.11160187444902,0.208885997340495,0.923175732681575,0.74055978937573
5,0.0480860624567743,0.313427601238895,0.974202599463292,0.62992231818802,0.01027
63768197827,0.428581964031796,0.998255498577487,0.511894502843483,0.000323538008
674906,0.547798784078333,0.993966233975149,0.393190094978968,0.0187936912799187,0
.664296675848781,0.961578791001007,0.28056133268118,0.0646362027531504,0.77144891
4037317,0.902935457825994,0.180414854377535,0.135243422399297,0.863160380203696,0
.821372030953061,0.0984472713283601,0.226599014453889,0.934214270121997,0.7215280
65799686,0.0393211284798759,0.333506417807568,0.980568840184328,0.60908296583369
6,0.00639968590425899,0.44988444090899,0.999587313034578,0.49043292224908,0.00155
560715561082,0.569113176916859,0.990187864844009,0.372327080754917,0.02506443695
55642,0.684410562481553,0.952905162465717,0.261483631326155,0.0755889274377163,0.
78921816044163,0.889859950091421,0.164207658802971,0.150255104536497,0.877574222
033699,0.804638415401453,0.0860324920634362,0.244815747656322,0.944452807825468,0
.7020881971981,0.0314049528297898,0.353891983435844,0.986049677149228,0.588042638
177597,0.00343240803488343,0.471279251080709,0.99999868395372,0.468988968112881,0
.00370601411546123,0.590300235102525,0.985506369789401,0.351699292114007,0.032210
2075938793,0.704184689664607,0.943397097945183,0.242845374384099,0.0873235903720
626,0.806454549065361,0.876066161358126,0.148619129646214,0.165911159380038,0.891
292418199908,0.787343531671999,0.0743804097482114,0.263502634309665,0.9538724822
33815,0.682275999735573,0.0243521203267801,0.374546739613394,0.990635012422885,0.
566840100082484,0.00138001014593497,0.492726976590132,0.999488853421665,0.447602
148942204,

0.00677079696296851,



0.611320923435103,0.979930374037274,0.331344733846814,0.0402178377745109,0.723582
625392749,0.933072115177622,0.224680901117532,0.0998185715266034,0.8231263234525
06,0.861579505418739,0.133677987323666,0.182182742098742,0.904289694177073,0.7695
19243992538,0.0635124922651255,0.282625245536435,0.962455938459508,0.66212797555
8276,0.0181756251641182,0.395432631843333,0.994316397944942,0.545514415261642,0.0
00246273591192836,0.514188101966996,0.998058760754432,0.426311867971265,0.010744
3091163811,0.632136513235474,0.973470150843988,0.311300907342523,0.0490725741721
171,0.742568630758835,0.921949236988233,0.207023677886901,0.113050850042738,0.839
202767396707,0.846426672595897,0.1194117595266,0.199039873791451,0.9165421036879
59,0.751198391962559,0.0534487627495887,0.302148349695743,0.970187362282074,0.641
681245535148,0.012886846964367,0.416511179802886,0.997087051104668,0.52410487433
6543,3.32871756731357e-
05,0.535623087067564,0.995711040765836,0.405157350593183,0.0156192297469923,0.652
708653706573,0.96613760257483,0.291604741516037,0.0587581027542935,0.76110772580
562,0.910048956254007,0.189906236509121,0.126996046672072,0.85465426153816,0.8306
35580586244,0.105846730448843,0.216451496753487,0.928027072798312,0.732414730067
827,0.0442077626918751,0.322035977269157,0.977052509261093,0.62097348089393,0.008
49552981347612,0.437743548211908,0.998941867227328,0.502650922396848,0.000741443
307594958,0.556992439930899,0.992450018913382,0.384177572047511,0.02138657726324
58,0.672999442556565,0.957946238770645,0.272292524729093,0.0692565788318005,0.779
165753948123,0.897393198144411,0.173360114284793,0.141628468676241,0.86945233791
3817,0.81423532301444,0.0930078924058377,0.234385531675744,0.938723441515512,0.71
3202865485799,0.0358065177910879,0.342251487144388,0.983038730999324,0.600042833
766696,0.00500976430717487,0.459090618390266,0.999877428986414,0.48119208639172,0
.0023694372734242,0.578256789481075,0.988281703327441,0.36341118564086,0.02803572
58617761,0.69297149590628,0.948911151272356,0.253399837959593,0.0805486599238204,
0.79670944494754,
0.884005279721622,0.157415795917754,0.156921157167529,0.883569732438405,0.7972561
15859124,0.080918899777046,0.252808936759594,0.948611502759674,0.693598194278674,
0.0282605065545724,0.362757634088647,0.988134998435436,0.578927866961324,0.002435
97264849654,0.480513060337668,0.99989201269569,0.459767902225132,0.0049142696466
6447,0.599376958101368,0.983213773749653,0.342896451517604,0.035554425095159,0.71
2588017075937,0.939048986382965,0.23496148924008,0.0926135414160444,0.8137064761
54033,0.869909866994497,0.142102657338672,0.172845936783622,0.896980435114826,0.7
7972924172017,0.0696020254236126,0.271687768561746,0.957673038693878,0.673636836
264374,0.0215836318179131,0.383516637445634,0.992331922166803,0.557667482827721,0
.000778896811958085,0.501971405159224,0.998985591485553,0.438417841980111,0.00837
12518063046,0.620314033858013,0.977255567365892,0.322671166203613,0.043928822455
7532,0.73181286442841,0.92837791423736,0.217011449521158,0.105428994877294,0.8301
25532128581,0.85513292947096,0.127448911607992,0.189373467570626,0.9096597379646
92,0.761686992263887,0.0590781196272366,0.290987244601726,0.96589135427408,0.6533
55568397048,0.015788195110515,0.40449025065282,0.995621769749571,0.5363008516839
49,4.15898047744223e-
05,0.523426117863173,0.997159835354855,0.417181241194788,0.0127340145839571,0.641



029442098971,0.970418061624919,0.302772592893926,0.0531434888889502,0.7506106179
62635,0.916917595309623,0.19958279010149,0.118971409021489,0.845936362258204,0.83
9701692280567,0.113481556880584,0.206473299100095,0.921584280529645,0.7431626086
64671,0.0493665717246324,0.310671807362611,0.973251308014303,0.632791757041819,0.
0108848739820391,0.425639831748248,0.997998479940173,0.514867339562386,0.0002254
10048026398,0.544837670098714,0.994418108088372,0.396097226318294,0.017994519986
7719,0.661485016602659,0.962713854003078,0.283237392888084,0.0631814472254288,0.7
68946644551794,0.904689144164654,0.182707621689552,0.133215833185714,0.861109836
54755,0.823644586053677,0.100226326733611,0.224113926498851,0.932732092956186,
0.72419022039045,
0.0404852743432289,0.330705189839674,0.979739339875787,0.611983289117031,0.006882
70235477789,0.44692641460842,0.999457673872552,0.493406435753707,0.0013300188692
1796,0.566166613070531,0.990765461067991,0.375204642717532,0.0241430760259452,0.6
81643069860058,0.954157138790038,0.264101558002855,0.0740242034423296,0.78678716
1764335,0.891715090607669,0.166417035203571,0.148136023351772,0.875617999285066,0
.806991194543893,0.0877076427009857,0.24226284853198,0.943082636419935,0.70480478
2309804,0.0324505904541622,0.351050482400893,0.985343496254836,0.590968502326539,
0.00378905385805084,0.468310780646505,0.999996663114545,0.471957679964366,0.00335
338112999128,0.587373650147147,0.986208623958122,0.354541983064418,0.03116835455
09009,0.701466462524255,0.944763680944233,0.245400344222837,0.085651780776241,0.8
04099300075189,0.87801933813149,0.15074104456322,0.163704490430828,0.88943412050
8742,0.789772200066258,0.0759485693032055,0.260886627490745,0.952616840993188,0.6
85042010310493,0.0252773232190237,0.371670200701026,0.990053452017889,0.56978611
444795,0.00160962825650834,0.489753531140682,0.999614454628846,0.450560589570095,
0.00629176897159411,0.608419709347797,0.980755992310775,0.334147316375269,0.03905
74121283832,0.720918671802986,0.934550787041608,0.227168206828488,0.098042756481
4602,0.820851163489993,0.863627119896636,0.135708531334522,0.179892550963405,0.90
2532745285412,0.772019327040779,0.0649707715446583,0.279950950780434,0.961317140
796453,0.664938315490596,0.0189786887278169,0.392526354825203,0.993860529500697,0
.54847515209109,0.000348440937819716,0.511215159823043,0.998311752599331,0.429254
586728814,0.0101397686825717,0.629266015235427,0.974417612094466,0.3140582179629
48,0.0477957139082477,0.739963858821446,0.923537273407842,0.209438736844651,0.111
174301323713,0.837011888228428,0.848564952232326,0.121347191521429,0.19667037994
1301,0.91488974061206,0.753765283510885,0.0547944750091555,0.299420694150713,0.96
9167506320666,0.644530737026045,0.0135662916250189,0.413580519212099,0.996757714
515946,

0.527074878752747,

7.81552502560068e-
06,0.532656125608002,0.996090957133409,0.408078925785306,0.0148902906836421,0.649
874160400577,0.967205161196923,0.29431170012449,0.0573671603671105,0.75856693456
6109,0.911743431410904,0.192244599184247,0.125022221642257,0.852551699651748,0.83
2860585803223,0.107683484578159,0.214007065768328,0.926482339864714,0.7350437008
43141,0.0454384285903864,0.319259986375499,0.976153473994626,0.623856874018182,0.
00905010375757948,0.434793903534574,0.998739669267506,0.505624722440685,0.000588



379588443488,0.554036925479509,0.992956159842149,0.38707262093434,0.020534582571
8775,0.670206176264772,0.959131927883816,0.274944144017304,0.0677541170006449,0.7
76693624579942,0.899190990123919,0.17561747245424,0.139561003935789,0.8674419670
90934,0.816542954450769,0.094742584632837,0.231870667182243,0.937289184752184,0.7
15889071845363,0.0369198699281207,0.339432275415893,0.982262172817342,0.60295481
6145589,0.00543844578717745,0.456127424074682,0.999802742186785,0.48416420308912
8,0.00208906349234284,0.575318167315115,0.98891313630343,0.36627437437605,0.02706
22452639721,0.690224602943574,0.950212786347382,0.255991232550649,0.078937446799
4381,0.794310532115143,0.885903076271277,0.159587990618398,0.154763861829951,0.88
1655256606539,0.799642121905451,0.0825483340822997,0.250228272169536,0.947290364
649104,0.69633668714822,0.0292544936899529,0.359900395676853,0.987482348076371,0.
581863073521707,0.00273797185556002,0.477541775774258,0.999944974659384,0.462732
859732566,0.00450710236604168,0.596460642368221,0.983969335409682,0.345722504932
934,0.0344612521365053,0.709892558339446,0.940464169286578,0.237487884728806,0.09
08965455141676,0.811385199644718,0.871904171595324,0.144185686496591,0.170602785
450553,0.895165381509696,0.782189226386144,0.0711231997210586,0.269046058524523,0
.956467453317658,0.676422570216831,0.0224564226214493,0.3806266365208,0.991804382
078125,0.560620505729409,0.000953657340039438,0.498997504687473,0.99916610463528
5,0.441370177658595,0.00783804119305415,0.617425397593215,0.978133865662559,
0.325454877542756,
0.0427179712118863,0.729173806058916,0.929904037626157,0.219468191275294,0.103609
379596123,0.827886168674354,0.857220067785831,0.129438937429297,0.1870485930634,0
.907947450659865,0.764216423260842,0.0604882313009578,0.28828935620515,0.96480354
2811483,0.656183410967678,0.0165381815414398,0.401572811789026,0.995220311871647,
0.539266250261906,8.87896743023142e-
05,0.520455080613092,0.997467567110983,0.420115515609319,0.0120757430303783,0.638
173807341365,0.971417478375232,0.30550883345275,0.0518171902421583,0.74803282218
8051,0.918551847434546,0.201965351788597,0.117052526838471,0.84378303767434,0.841
877818964742,0.115374912931323,0.204070984768658,0.919977914264349,0.74575682573
6989,0.0506630227702481,0.307922711216915,0.972283274649893,0.635656498191356,0.0
115106742616114,0.422700330064673,0.997723843925342,0.517839650336067,0.00014496
2297650875,0.541874969925112,0.994852491485068,0.39900803336051,0.01721240030134
72,0.65866764460983,0.9638325478717,0.285921121382135,0.0617421447486338,0.766434
860710412,0.906428514070708,0.185011613653912,0.131201219469236,0.85904651815154
4,0.825905691789422,0.102019524684358,0.221638598385382,0.931234607300057,0.72684
4443932184,0.0416656761663756,0.327909950914361,0.978892868127103,0.614879650845
259,0.0073831635049994,0.443970265844144,0.999310365711417,0.496380182507423,0.00
112207171728451,0.563217708482448,0.991325695793145,0.378086619493846,0.02323854
91843983,0.678869151379804,0.955393048683709,0.266727829903555,0.072474548931643
6,0.784346017592516,0.893556373670708,0.168638212569215,0.14602938983702,0.873648
488535383,0.809333113440985,0.0893973787411357,0.239719067206073,0.9416967903526
93,0.707514122178519,0.0335127682791818,0.348214250659079,0.984620145669696,0.593
891148325842,0.0041632538238241,0.465343431254568,0.999976954208692,0.4749273838
58586,0.00301831769870953,0.584443974243585,0.986893677829278,0.3573898197844,0.0



301430870642823,0.69874110822525,0.946114529818988,0.247964320873015,0.083994629
316031,0.801733293167431,0.879959141948359,0.152875314999242,

0.161509718390395,
0.887562046047724,0.792190617372162,0.0775317302504935,0.2582790796412,0.95134518
7815107,0.687801474784443,0.0262193200783093,0.36879820163105,0.989454555299524,0
.572729660034062,0.00185687760837522,0.486780448195922,0.999722381290255,0.453520
77919207,0.00583020658380667,0.605514659757705,0.981564603178763,0.3369557661695
05,0.0379132929603175,0.718246902925763,0.936014086080043,0.229665164343831,0.096
2811612199039,0.818564652978238,0.865661870562237,0.137751962639978,0.1776136840
7301,0.900761556242359,0.774509787045067,0.0664444405824465,0.277284440560895,0.9
60162023407873,0.667742820504159,0.0197987690750811,0.389623879827335,0.99338719
0062811,0.551434174060131,0.000468284142823461,0.508241820934728,0.9985471159824
61,0.432199808195031,0.00955255772669866,0.626390944259033,0.975348290174565,0.31
6822106528549,0.0465348509901906,0.737350597833975,0.925110326608732,0.211864074
799047,0.109311507841647,0.834809086797738,0.850690900911475,0.123296018882621,0.
19431161680337,0.91322270024349,0.756323197758542,0.0561559370304007,0.296700134
366628,0.968131052916221,0.647375115551171,0.014262944544166,0.410652915843111,0.
996410804443659,0.530043925350774,3.17825331053179e-
08,0.52968800887876,0.996453323604954,0.411003752796991,0.0141785130405075,0.6470
34365097866,0.968256191791524,0.297025935244844,0.0559918767193699,0.75601699616
0988,0.913423340584218,0.19459384912237,0.123061661974425,0.85043666577135,0.8350
73815626601,0.109534117450419,0.211572752168876,0.924922519530538,0.737664356619
255,0.0466851752239149,0.316490389420873,0.975237594149211,0.626735885542959,0.00
962204572926378,0.431846565604979,0.998519827709445,0.508598323480437,0.00045298
3239591809,0.551079499405116,0.993444861774204,0.389971664788931,0.0196995496241
483,0.667406888682752,0.960301374573439,0.277603724951589,0.0662669464631584,0.77
4211706789837,0.900974660188658,0.177886306105333,0.137506290213351,0.8654185975
15205,0.818839387740991,0.0964916133915872,0.229365288143317,0.935839458281609,0.
718567640839942,0.0380496041643266,0.336618743997421,

0.981468553954489,
0.605863156349758,0.00588462305832343,0.453165781789806,0.999710374180536,0.48713
6880006809,0.0018263039917959,0.572376880673041,0.989527273306201,0.369142293824
332,0.0261054954845032,0.687470980518325,0.951498494534957,0.25859125929234,0.077
341129347273,0.791901207650536,0.887787220966542,0.161772227854691,0.15261877968
2959,0.879727279192645,0.802017527707221,0.0841925363078728,0.24765644360268,0.94
5953403035923,0.69906823433191,0.0302651340946919,0.357048113466427,0.9868124523
60085,0.5847953840566,0.00305756238784349,0.474571285715817,0.999980250384822,0.4
65699135630627,0.0041174638242068,0.593540914200621,0.984707775997224,0.34855401
6118992,0.0333845482512024,0.707189674366268,0.941863770167086,0.240023566955445,
0.0891940222030206,0.809052907451874,0.87388531956222,0.146281303067977,0.1683712
87000486,0.893336348392529,0.784639228221839,0.0726595461225647,0.26641251878631
3,0.955245719783257,0.67920206296568,0.023346107180809,0.377740858599231,0.991259
443732038,0.563571384112135,0.00114607231582392,0.496023639680365,0.999328959099
731,0.444324587432874,0.00732224148556787,0.614532607237107,0.978995249321118,0.3



28244763675075,0.0415232969401263,0.726526640358678,0.931414952570893,0.22193485
7214243,0.101803787184785,0.825635205792423,0.859294568956732,0.131442072360506,0
.184734789635009,0.90622073165955,0.766736507233839,0.0619138913053852,0.28559895
7362489,0.963699288281752,0.659005728343186,0.0173052710980824,0.39865885492893,0
.99480133489806,0.542230259735238,0.00015367458786586,0.517483319736526,0.9977577
00270753,0.423052616061235,0.011434732468671,0.635313284510111,0.972400218084282,
0.308251954396216,0.0505067466663093,0.745446251900079,0.920171292714754,0.204358
456859528,0.115147191956033,0.841617551305352,0.844041851242327,0.11728187562585
7,0.201679139325505,0.918356690693391,0.748342348837719,0.0519753697235465,0.3051
80410068349,0.971298533622734,0.638516440320524,0.0121537555215522,0.41976356295
5585,0.997431600247274,0.520811330000416,8.21976038914429¢-
05,0.538910788374357,0.995269368795206,

0.401922413131832,
0.0164473598845455,0.655844659524899,0.964934833023392,0.288612423203094,0.060318
346247104,0.763913651377144,0.908153506019969,0.187326748763745,0.12919965251460
7,0.856970497983198,0.828155268154029,0.103826801730555,0.219173117693717,0.92972
1866125497,0.729490642560532,0.0428622921997084,0.325120799910174,0.978029454887
389,0.617771948534375,0.00790105164784821,0.44101609923013,0.999145393761977,0.49
9354057324415,0.000931773054634655,0.560266567488577,0.991868549197658,0.3809729
0912295,0.0223508884363761,0.67608890514481,0.956612848427689,0.269362354120231,0
.070940018715379,0.781894814296938,0.89538373413362,0.170871112300975,0.143935278
517286,0.871665759458792,0.811664089267059,0.0911016404070532,0.237184493686984,0
.94029531866006,0.71021612094438,0.0345914487261942,0.345383388532145,0.983879650
983324,0.596810472811503,0.00455499469155612,0.462377307900722,0.999939557933618,
0.477897974723668,0.00270083567418838,0.581511310997286,0.987561507169889,0.36024
2701534781,0.0291344414094032,0.696008723200764,0.947449596774826,0.250537213636
754,0.0823521946114342,0.799356612013842,0.881885504190314,0.155021865441099,0.15
9326920912544,0.885676261057842,0.794598698034887,0.0791298365990822,0.255680082
993847,0.950057567686161,0.690554295517312,0.0271780775755989,0.365930844011374,0
.988838343455982,0.575670632708863,0.00212174945529148,0.483807832910906,0.999812
62958797,0.456482613065635,0.00538612613026618,0.602605877449148,0.9823561780453
51,0.339769983890549,0.0367855207422371,0.715567413252417,0.937461960516039,0.232
171685311906,0.0945338480693988,0.816266872800046,0.867683685443405,0.1398082089
80849,0.175346222039977,0.898976189714817,0.776990535889711,0.0679334472345572,0.
274625809222258,0.95899062715474,0.6705413913926,0.0206358372004022,0.3867253095
42959,0.992896396378631,0.554391376460354,0.000605798965642168,0.505268190480712,
0.998764842579824,0.435147428193085,0.00898269702202625,0.623511402036951,0.97626
2152155718,0.319592475256198,0.0452900300166463,0.734728940244107,0.926668340957
385,

0.214299605950363,
0.107462535509033,0.832594441047963,0.852804443414596,0.125258172658204,0.1919636
6779332,0.911541041547818,0.758872044222101,0.0575331006431948,0.293986766606957,
0.967078038739892,0.650214280472822,0.0149767810785247,0.407728473228096,0.996046
333157616,0.533011909103803,9.9362235942424e-



06,0.526718841910079,0.996798127358666,0.4139317281871,0.0134839219960188,0.64418
9368246193,0.96929065718476,0.299747350844035,0.0546323004703433,0.7534580008040
26,0.915088624332584,0.196953903221266,0.121114437006872,0.848309234719275,0.8372
75191744144,0.111398563583418,0.209148642084221,0.923347666984195,0.740276604706
088,0.0479479584900822,0.313727284356461,0.974304902125474,0.629610413598173,0.01
02113354911644,0.428901638703661,0.998282350329266,0.511571620364546,0.000335259
050475156,0.548120266323491,0.993916107416264,0.392874601032343,0.01888150796655
89,0.66460167885966,0.96145453747446,0.280271173478194,0.0647951198263405,0.77172
0088391194,0.902744145216986,0.18016653495828,0.135464400212272,0.86338230074629
8,0.82112454165687,0.098254916807696,0.226869483171754,0.934374313396942,0.721238
477698385,0.039195680528402,0.333810992414594,0.980657902478352,0.60876775150691
7,0.00634828033635271,0.450205796351264,0.999600328235764,0.4901100119677,0.00158
116806854636,0.56943303359971,0.99012409261138,0.372014842557194,0.0251655103766
639,0.68471072606393,0.952768230341896,0.261199826192438,0.0757597640197683,0.789
481556769151,0.889657647157878,0.163968430361551,0.150485986632761,0.87778586841
5767,0.804382249213807,0.0858514482959052,0.2450935420284,0.944600665200569,0.701
792739204232,0.0312923920110562,0.354200888374753,0.986125334990037,0.5877246948
53015,0.00339473293854781,0.471601695211167,0.9999978386244,0.468666624961476,0.0
0374536780706325,0.590617876902238,0.985429069379836,0.351390884914102,0.0323243
515264298,0.704479460794542,0.943247739511691,0.242568446198189,0.08750603172002
76,0.806709682094944,0.875853240838445,0.148389432922604,0.166151520370232,0.8914
93400472503,0.787079160555087,0.0742110102777732,0.26378724253155,
0.954007881299096,
0.681975216216537,0.0242526540287743,0.374859405762194,0.990697126413084,0.566520
013541235,0.0013561349323683,0.493049915342449,0.999474149119617,0.4472809668228
05,0.006823870927117,0.611635765140263,0.979839687864729,0.331040725870422,0.0403
448419211296,0.723871460968359,0.93291060561724,0.22441136010653,0.1000122815052
81,0.823372723124696,0.861356359585192,0.133458245528178,0.182432139145119,0.9044
79642044625,0.769247155037657,0.0633550491952092,0.282916143250285,0.96257862975
7449,0.661822420666418,0.0180894366398456,0.395748483136372,0.994364853649731,0.5
45192775255306,0.00023624224889629,0.514510940363584,0.99803022457031,0.42599243
8625036,0.0108110055676836,0.632447974765112,0.973366245993457,0.311001858689352,
0.0492122045362278,0.742850998640218,0.921775873860152,0.20676202064902,0.1132554
71754747,0.83943997973175,0.846193712573647,0.119202377493438,0.199297847397145,0
.91672066718955,0.75091908646255,0.0533035661616098,0.302445000936257,0.970297119
762223,0.641371482233945,0.0128140950088347,0.416829634327512,0.997121759245921,0
.523782273435471,3.71181869165405e-
05,0.535945230315698,0.995668725274305,0.404840262532085,0.0156994258063969,0.653
016161228643,0.966020670476732,0.291311203162253,0.0589101020861207,0.7613831057
37088,0.909864058963271,0.189652945117976,0.127211203129997,0.854881849499758,0.8
30393235593131,0.105648093959461,0.216717571637542,0.928193922955198,0.732128722
630197,0.0440750800936122,0.322337835497147,0.977149130703247,0.620660079900752,0
.0084363484660594,0.43806401924514,0.998962763861148,0.502327954985239,0.00075912
9613874476,0.557313294482359,0.99239400207874,0.383863409491318,0.02148012517751



6,0.673302429530478,0.957816494863924,0.272005037478823,0.0694206670760562,0.7794
33638586312,0.897197107355548,0.173115655406794,0.141853763474624,0.869669882197
047,0.813984039543506,0.0928203674249326,0.234659217607751,0.938878270910673,0.71
2910683027119,0.03568659363798,0.342557996207232,0.983122038391735,0.59972637248
6981,0.00496426260773369,0.459412515479362,0.999884475611745,

0.480869347478159,
0.00240094628934262,0.578575764191092,0.988212088354579,0.363100527390961,0.02814
24532708917,0.693269404079208,0.948768834591783,0.253118931481859,0.080724534773
864,0.796969340721804,0.883798356709653,0.157180619956835,0.157156175211341,0.883
776832237532,0.796996356865282,0.0807428318020963,0.253089729504468,0.9487540261
44958,0.693300375144476,0.0281535617958174,0.363068229271669,0.988204838291315,0.
578608928431418,0.00240423442705284,0.480835790424157,0.999885196330087,0.459445
986448099,0.00495954331773152,0.59969346531718,0.983130688897747,0.3425898699402
43,0.0356741353706281,0.712880297593203,0.938894359146707,0.234687681091799,0.092
8008788392127,0.813957904253781,0.869692493005778,0.141877197579343,0.1730902450
78879,0.897176708858255,0.77946148580879,0.0694377388436123,0.271975150797704,0.9
57802993482534,0.673333929138949,0.021489863493584,0.383830746505863,0.992388165
809518,0.557346654691157,0.000760980542445167,0.502294373657244,0.99896492468738,
0.438097342432458,0.00843020672270794,0.620627490415779,0.977159165711106,0.32236
9226147063,0.0440612950430165,0.73209897879657,0.928211261325421,0.2167452441622
58,0.10562744971323,0.830368029298097,0.854905504977444,0.127233583439055,0.18962
6616001823,0.909844824040817,0.761411732732629,0.0589259171250621,0.291280686827
636,0.966008501030554,0.653048131358616,0.0157077759716574,0.404807294859004,0.99
5664313556966,0.535978725015346,3.75284977852663e-
05,0.523748729703982,0.997125356199234,0.416862748353016,0.0128065421256841,0.641
339270505137,0.970308520783351,0.30247585065489,0.0532884797135184,0.75089003904
2069,0.916739223756586,0.199324677990789,0.119180615639689,0.846169481735402,0.83
946463630604,0.113276757033557,0.206734821264607,0.921757837934453,0.74288035265
3503,0.0492267337162014,0.310970768951191,0.973355430909423,0.632480356528603,0.0
108179522007379,0.425959227004227,0.998027245529218,0.514544507857644,0.00023521
1185747874,0.545159330921554,0.994369880103068,0.395781327004758,0.0180804865323
862,0.661790646026793,0.962591375786517,

0.282946395199873,
0.0633386891580737,0.769218857522364,0.90449938261971,0.182458078374798,0.1334354
06152174,0.861333148835899,0.823398335346776,0.100032432519251,0.224383340554073,
0.932893801926161,0.723901487942743,0.0403580584677349,0.331009119995469,0.979830
247072725,0.611668498848823,0.0068294012234198,0.447247572429142,0.9994726082452
91,0.49308349380046,0.00135366439501872,0.566486730237742,0.99070357310567,0.3748
91918933226,0.0242423231822773,0.681943937194382,0.954021948858818,0.26381684097
5668,0.0741934067792873,0.787051665105045,0.891514288676397,0.166176520445307,0.1
48365558103789,0.875831092932169,0.806736202787343,0.0875250113519966,0.24253965
812539,0.943232199014483,0.704510105382095,0.0323362311008426,0.351358821133264,0
.985421020268964,0.59065090226106,0.00374947158056343,0.468633109349966,0.9999977
38755758,0.471635222753372,0.00339082747704245,0.587691633872379,0.9861331900410



31,0.354233010960144,0.0312806994680984,0.701762013455344,0.94461602836724,0.2451
22432447164,0.0858326337759799,0.804355606463039,0.877807865772435,0.15051000148
2494,0.163943564087076,0.889636602919271,0.789508937081804,0.0757775373092172,0.2
61170322626522,0.95275398167049,0.684741931831361,0.0251760310815781,0.371982379
945031,0.990117450011383,0.569466289762616,0.00158383775957716,0.490076436873294,
0.999601669556807,0.450239211206259,0.00634294714721512,0.608734973775368,0.98066
7151422349,0.333842665231444,0.039182647826938,0.721208361818568,0.9343909438581
4,0.226897612312216,0.0982349259303494,0.821098800704102,0.863405366737636,0.1354
8738560235,0.180140723053145,0.90272424340852,0.771748277854693,0.06481165401223
39,0.28024100876369,0.961441606875116,0.664633388299941,0.0188906504276557,0.3928
41799412437,0.993910883567783,0.548153692019069,0.000336489738065548,0.511538047
63171,0.998285130369936,0.428934879307659,0.0102045844003026,0.629577979505657,0.
97431552791414,0.313758449050527,0.0479336096416632,0.74024715416831,0.923365534
106485,0.209175958133555,0.111377433179997,0.837250400014705,0.84833332682835,0.1
21136350598332,

0.196927193219178,
0.915069901629617,0.75348694749375,0.0546475650976703,0.299716580582764,0.9692790
68492111,0.64422152295154,0.0134916693645977,0.413898647965007,0.996794331883283,
0.526752375540038,9.72564147228017e-
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0382212407,0.481158528521303,0.999878171390986,0.459124087577406,0.0050050235436
1837,0.600009930929545,0.983047402461461,0.342283354047932,0.0357940393797283,0.7
13172489287834,0.93873954878522,0.234413983643001,0.0929883861503503,0.814209201
351389,0.869474964760871,0.141651887259174,0.173334689758147,0.897372816887227,0.
779193613282225,0.0692736319049489,0.272262628162297,0.957932757253552,0.6730309



49691302,0.0213962948175307,0.384144904029727,0.992444204005864,0.55702580262715
2,0.000743272578103027,0.502617341197954,0.998944049699061,0.437776868698765,0.00
848936674542267,0.620940896663852,0.97706256496757,0.322067360198764,0.044193957
8611644,0.732384996316805,0.928044429745691,0.216479156989184,0.105826069098019,0
.830610388629608,0.854677932407512,0.127018410808834,0.189879893928179,0.91002973
9099905,0.761136364123167,0.0587738986507445,0.29157421615327,0.966125453353901,0
.652740630468977,0.0156275589017463,0.40512437879074,0.995706650551354,0.53565658
334216,3.36757963103618e-
05,0.52407133163582,0.997090669625072,0.41654429022831,0.0128792729483422,0.64164
9039952557,0.970198783701825,0.302179190837942,0.0534336569282463,0.751169355427
01,0.916560678330409,0.199066691334508,0.119389981151792,0.846402456776098,0.8392
27438692556,0.113072118529938,0.206996465785825,0.9219312193602,0.74259799532785
2,0.0490870837988209,0.311269809424212,0.97345935630538,0.632168900724963,
0.0107512345222985,
0.426278653145942,0.998055803319649,0.514221670091592,0.000245220846189775,0.5454
80972894772,0.994321445845809,0.395465471175646,0.0181666541473824,0.66209620793
8162,0.962468704551801,0.282655488055916,0.0634961132806857,0.769490958169601,0.9
04309452292009,0.182208667540685,0.133655132054947,0.861556310350759,0.823151949
704455,0.0998387051882223,0.224652869626399,0.933055330270948,0.7236126620804,0.0
402310343856915,0.331313120633992,0.979920954060172,0.611353662001995,0.00677630
586123884,0.447568752282108,0.999487334216663,0.492760554740346,0.00137751797550
145,0.566806819656674,0.990641480402523,0.374579247349285,0.024341768844769,0.682
244728614026,0.953886569481353,0.263532222500467,0.0743627877845325,0.7873160486
69738,0.89131332339338,0.165936144961444,0.148595239582871,0.876044029776286,0.80
6481083059003,0.0873425521090781,0.242816575142107,0.943381576683969,0.704215343
130787,0.0322220668791415,0.351667221885002,0.985498341738001,0.590333264400824,0
.00371009636148678,0.468955451141017,0.999998605776871,0.471312777384623,0.003428
48102953502,0.588009581016125,0.986057553292073,0.353924099689926,0.031393239954
7482,0.702057480202816,0.944468190277697,0.24484462699838,0.0860136595797321,0.80
4611785855124,0.877596235795075,0.150279104228936,0.164182777965632,0.8898389227
66095,0.789245553290146,0.0756066823110305,0.261454117405719,0.952890933436653,0.
684441776249822,0.025074937062994,0.372294612596352,0.990181243507215,0.56914643
6093017,0.001558255222881,0.490399346717336,0.999588676030175,0.449917853604722,0
.00639433130084049,0.609050192827021,0.980578109977306,0.333538083401742,0.039308
0757922809,0.721497959523641,0.934230919428457,0.226627131745773,0.0984272630168
924,0.821346303936674,0.86318346195559,0.135266391985113,0.180389028579291,0.9029
15573502395,0.771477115271549,0.064652718051577,0.280531158452736,0.961565880429
288,0.664328392424164,0.01880281286463,0.393157288703483,0.99396103155329,0.54783
2211855298,0.000324747018992599,0.511860930626216,0.998258300234979,0.4286152015
4507,0.0102696044798717,

0.62988988971752,
0.974213245831677,0.313458757839185,0.0480716940024606,0.740530349286691,0.923193
618166912,0.20891330077243,0.111580727185999,0.837488771085897,0.848101556090241,
0.120925667757873,0.197184132946023,0.915249889446285,0.753208505736261,0.0545008



409993893,0.300012550594838,0.969390434865559,0.643912248680833,0.01341725009764
54,0.414216812635863,0.996830741965427,0.526429861179641,1.18443748992059%€-
05,0.533300661864559,0.996009929484121,0.407444069405798,0.0150471607385349,0.650
490276482441,0.966974687526802,0.293723117333847,0.0576679484135885,0.7591195840
69517,0.911376621702473,0.191735770190376,0.125449818034536,0.853009446318057,0.8
32378305230185,0.107283353019106,0.214537147613777,0.926819145791892,0.734473382
86258,0.0451697550635384,0.319862401136966,0.976350180725712,0.62323095989486,0.0
0892817115733158,0.435434384191887,0.998785087565903,0.504978815922851,0.0006201
23784857929,0.554679039705322,0.992847706193894,0.386443463016185,0.020718197863
676,0.670813398795304,0.958875771432821,0.274367522929279,0.0680791588381639,0.77
7231414897624,0.898801701778592,0.175126188015124,0.140008983042005,0.8678797342
09637,0.816042677993383,0.0943645824837584,0.232416101253802,0.937602027234403,0.
715306264410572,0.0366766518837897,0.34004413861442,0.982432295312372,0.60232262
9461525,0.00534384676360461,0.456770911939017,0.999820467655882,0.48351859767155,
0.00214846455016832,0.575956676459435,0.988777456469003,0.365652074070651,0.02727
22675002199,0.690821813164556,0.949931419060144,0.25542763554967,0.0792861435689
365,0.794832472442594,0.885492026491125,0.159115155890929,0.155231398268847,0.882
072237626943,0.799124771276545,0.0821931577772999,0.250788053530689,0.9475786673
09453,0.695742464027865,0.029037179232497,0.360520580010938,0.987625572906966,0.5
81225778994213,0.0026708807001572,0.478187085278584,0.999934974641658,0.46208874
4869119,0.00459405084198788,0.59709437004399,0.983806679369095,0.345108208785373,
0.034697294375915,0.710478655959574,0.940158109559829,0.236938350202731,0.0912682
547703569,

0.811890328354664,
0.871472117705546,0.143732172624086,0.171089017860514,0.895560808173851,0.7816557
54774183,0.0707915036359753,0.269619155842044,0.956730684972103,0.67581802621195
1,0.0222654121332976,0.381253999372151,0.991920445365748,0.559979277521985,0.0009
1419765950046,0.499643446901282,0.999128397554827,0.440728740071496,0.0079523768
9390388,0.618053176194317,0.977944533092435,0.324849717337019,0.0429795985636836,
0.72974771124713,0.929573849339813,0.218933731666056,0.104003416498973,0.82837355
5107863,0.856767805810491,0.129005579964347,0.187552625595538,0.908320594439991,0
.76366781352641,0.0601806265626866,0.2888747135935,0.965041218481124,0.6555696599
15356,0.0163738269460865,0.402206197285491,0.995308999782404,0.538622269763864,7.
70341702088784e-
05,0.521100465454711,0.99740222244036,0.419477937088152,0.0122172553031686,0.6387
94480257918,0.971201818112503,0.304913924127285,0.052103920682082,0.748593477570
378,0.918198138929528,0.201446951801109,0.117468165411352,0.844251783866881,0.841
40618214419,0.114962510300193,0.204591888795395,0.920328087677454,0.745194088642
902,0.0503800761115938,0.308519250222281,0.972494956449933,0.635034670871676,0.01
13732783650988,0.423338571244714,0.997784993058008,0.517194104036513,0.000160932
628785304,0.542518608347006,0.994759629614328,0.398375488592007,0.01738082842276
96,0.659280068309236,0.963590957241369,0.285337559042418,0.0620534499952607,0.766
981233318737,0.906051937026023,0.184510228386679,0.131637693941333,0.85949576048
1485,0.825415549092223,0.101628836692042,0.222175414189469,0.931561165187611,0.72



6268616269627,0.0414079088870032,0.328516572455228,0.979078166043823,0.614250892
889704,0.00727297944657401,0.444612186814397,0.999343863401862,0.495734259758589,
0.00116573846005907,0.56385841462566,0.991205487811101,0.377460273869156,0.023433
5828411583,0.679472197527893,0.955125972796651,0.266156689676131,0.0728098554402
587,0.784877100798325,0.893157621903828,0.168154765795055,0.146485896039704,0.874
077399320008,0.808825367899212,0.0890291252118071,0.240270805754259,0.9419991310
61374,

0.706926264843602,
0.0332806552862872,0.34882983709794,0.98477871831533,0.593256618191246,0.00408048
460746774,0.465987849334863,0.999982738743387,0.474282274742621,0.00308960039874
667,0.585080567666149,0.986746345209088,0.356770827287711,0.0303643669248767,0.69
9333665765131,0.945822460731316,0.247406655037641,0.0843533193193597,0.802248108
498909,0.879538950114125,0.152410697412962,0.161985415242362,0.887969835048832,0.
791666204466053,0.0771865896485152,0.258844724387315,0.951622754309498,0.6872026
70863046,0.0260132890244858,0.369421618820721,0.989586110517994,0.57209052676229
9,0.00180167572934148,0.487426176105393,0.999700442010965,0.45287767223394,0.0059
2897391191416,0.606145967580748,0.981390417375057,0.336345267244446,0.0381604113
39795,0.718827880124822,0.935697561915256,0.229122000348357,0.096662573865223,0.8
19062251941235,0.865221012820378,0.13730703025662,0.178107695156998,0.9011474721
46818,0.773969672945217,0.066123048797523,0.277862949369099,0.960414304288229,0.6
67134173230414,0.0196191995575759,0.39025397915109,0.993491485472812,0.550791615
17349,0.000440751303638243,0.508887668986543,0.998497493310284,0.431559888267248,
0.00967862771380268,0.627015803370465,0.975147572097447,0.316221225976601,0.04680
735258095,0.737918924301722,0.924769930526815,0.211336413373037,0.10971494040275
1,0.835288552606277,0.850230189511642,0.122871591449044,0.194823031961054,0.91358
6032049605,0.755768377575012,0.0558588861972641,0.297290441387817,0.968357583384
554,0.646757746329146,0.0141101673934594,0.41128853642944,0.996487647893708,0.529
399124748054,2.18711757205003e-
07,0.530332787142927,0.996376108965105,0.410368198907307,0.0143316534097195,0.647
651624245466,0.968029311244331,0.296435780105958,0.0562892594869183,0.7565716247
95546,0.913059699733569,0.194082662439077,0.123486371177917,0.850897115064264,0.8
34594099365859,0.109130976925956,0.212100629153858,0.925262597824303,0.737095852
575946,0.0464130126343758,0.317091407055273,0.975437956839508,0.626110931804963,0
.00949634243627362,0.432486536367386,0.998569077619693,0.50795246914734,
0.000480889591891298,
0.551722019966149,0.993340197425148,0.389341647843958,0.0198794782394212,0.668015
410651078,0.960048749570039,0.277025382558725,0.0665886624876459,0.7747516157394
31,0.900588444548344,0.177392535978682,0.137951493542519,0.865859181916596,0.8183
41550479091,0.0961105025393018,0.229908654378714,0.936155656493009,0.71798650031
4423,0.0378028312411818,0.33722936495942,0.981642379725977,0.605231769494218,0.00
57862252078783,0.453808923633954,0.999731939813189,0.486491161855839,0.001881878
35228587,0.573015959709892,0.989395352085594,0.368518974614849,0.026311880832402
8,0.68806964413419,0.951220590514189,0.258025795174707,0.0776865858955192,0.79242
5402200776,0.887379142089945,0.161296783988779,0.153083656921383,0.8801471870164



15,0.801502486652591,0.0838341572928894,0.248214298017079,0.946245138613139,0.698
475528060961,0.0300442055059562,0.357667212715943,0.986959420950328,0.5841587273
83979,0.00298665127393377,0.475216413697597,0.99997409200788,0.465054743323394,0.
00420060380415566,0.594175374283596,0.984548840956571,0.347938543018155,0.033617
0100976861,0.707777376673893,0.941561099131787,0.239472022916105,0.0895625828270
649,0.809560421810511,0.87345612931541,0.145825061451221,0.168854981639244,0.8937
34805972919,0.784107932308055,0.072324559220342,0.266983833559609,0.955512455217
283,0.678598882956425,0.023151429968637,0.378367295502828,0.991379284368994,0.562
930630553311,0.00110277858357521,0.496669565261819,0.99929508805914,0.4436827082
31767,0.00743279390347096,0.615161279417866,0.978809593287744,0.327638270683672,0
.0417814069770434,0.727102298511653,0.93108807217081,0.221398249447027,0.10219477
2821296,0.826125104900025,0.85884505807396,0.131005873545641,0.1852364105279,0.90
6597004888415,0.766189935282578,0.0616029136803523,0.286182679893051,0.963940532
14374,0.6583931858858,0.0171372039322926,0.399291475355633,0.994893826779373,0.54
158658986989,0.000138078003555531,0.518128852815745,0.997696178970948,0.42241443
2554949,0.0115724936406661,0.635935010546451,0.972188183103926,0.307655558880485,
0.050790029366626,
0.746008805366416,0.919820805204758,0.203837774002316,0.115559882267657,0.8420889
32590047,0.843572847895341,0.116866523298868,0.202197762271394,0.918710086313062,
0.747781507881329,0.0516889743448273,0.305775464914131,0.971513841438262,0.637895
66398196,0.0120126080472412,0.420401201346499,0.997496572967896,0.520165929731,9.
43269030886928e-
05,0.539554739659758,0.995180310581472,0.401289101100345,0.0166120760083026,0.656
458293929796,0.964696809760509,0.288027223993595,0.0606262796758084,0.7644620636
65688,0.907780057133609,0.186822950138024,0.129633287129134,0.857422492957435,0.8
27667636459358,0.103433061138831,0.219707787165629,0.930051733044553,0.728916565
883792,0.0426010067055989,0.32572609075116,0.978218429985609},

/luintl16_t zero_padded_chirp[4096]={

/14095, 3801, 3002, 1927, 885, 179, 16, 445,
111343, 2450, 3439, 4019, 4017, 3431, 2432, 1318,
/1421, 10, 211, 966, 2049, 3133, 3888, 4084,
113657, 2737, 1604, 606, 52, 115, 778, 1837,
112963, 3804, 4094, 3741, 2854, 1710, 672, 70,
/I 98, 749, 1817, 2960, 3811, 4093, 3713, 2792,
111627, 598, 43, 144, 871, 1988, 3125, 3907,
/14071, 3562, 2546, 1362, 407, 3, 288, 1169,
112349, 3428, 4037, 3967, 3239, 2101, 943, 165,
/I 38, 607, 1679, 2880, 3791, 4093, 3676, 2685,
111468, 455, 6, 282, 1189, 2403, 3491, 4062,
/13908, 3082, 1881, 739, 71, 124, 879, 2064,
113243, 3984, 4011, 3312, 2143, 937, 144, 61,
/1 722, 1881, 3104, 3930, 4045, 3404, 2246, 1012,
/1172, 48, 691, 1856, 3096, 3933, 4040, 3375,



112192, 952, 139, 72, 781, 1989, 3222, 3991,
/13991, 3219, 1980, 766, 64, 157, 1009, 2281,
113459, 4068, 3858, 2911, 1612, 489, 3, 355,
111404, 2719, 3758, 4090, 3574, 2424, 1115, 195,
Il 49, 742, 1985, 3256, 4017, 3945, 3067, 1755,
11566, 9, 325, 1380, 2723, 3776, 4084, 3510,
//2300, 980, 123, 107, 940, 2260, 3488, 4082,
113778, 2707, 1343, 291, 20, 655, 1914, 3233,
114021, 3921, 2974, 1608, 439, 0, 493, 1696,
113061, 3962, 3985, 3116, 1753, 525, 1, 427,
111607, 2993, 3939, 4000, 3145, 1773, 529, 1,
11441, 1644, 3039, 3963, 3974, 3064, 1665, 449,
/I 1, 540, 1807, 3192, 4023, 3894, 2865, 1436,
/1305, 27, 742, 2100, 3434, 4083, 3724, 2533,
//1099, 137, 128, 1080, 2518, 3721, 4082, 3417,
/12059, 693, 15, 369, 1580, 3030, 3979, 3938,
112925, 1460, 296, 37, 819, 2240, 3561, 4095,
/0, 0, 0 0O, 0, 0, O,
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1
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1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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/* Private function prototypes ------ |

static uint32_t Demo_USBConfig(void);

static void TIM4_Config(void);

static void Demo_Exec(void);

void CrossCorrTimeDomain(uint32_t * signal, uint32_t * part, uint32_t * corr_output);

/* Private functions - */

/**

* @brief Main program.
* @param None

* @retval None

*/

int main(void)

{

RCC_ClocksTypeDef RCC_Clocks;
uint8_t togglecounter = 0x00;
uintl6_t dacval = 0;
GPIO_InitTypeDef GPIO_InitStruct2;
uintl6_t count = 0O;

const uint8_t out_volume = 75;

const uint32_t fsample = 80000;
/ffloat32_t iir_state[2];

/ffloat32_t iir_coeffs[5] = {0.6102,-1.2204,0.6102,-1.0622,0.3786};
/ffloat32_t iir_input[4096];

/ffloat32_t iir_output[4096];

const uint8_t num_stages = 1;



uint32_tiir_block_size = 4096;
arm_biquad_cascade_df2T_instance_f32 S1,
uintl6_t ADC _input[4096];

inti;

float32_t test_float = 1,

uint32_t signal[4096];

uint32_t part[256];

uint32_t corr_output[4096];

int index = 0;

/larm_biquad_cascade_df2T _instance f32 S1 = {num_stages, iir_state, iir_coeffs};

/* Initialize ADC on STM32F4-Discovery -------------------- *
/IEVAL_AUDIO_SetAudiolnterface(AUDIO_INTERFACE_I2S);
/IEVAL_AUDIO_Init(OUTPUT_DEVICE_AUTO, out_volume, fsample);
/[EVAL_AUDIO_Play((uintl6_t*)seven_sine, 4096*sizeof(uint16 _t));

/* Initialize LEDs and User_Button on STM32F4-Discovery -------------------- */
STM_EVAL_PBInit(BUTTON_USER, BUTTON_MODE_EXT]I);

STM_EVAL_LEDInit(LEDA4);
STM_EVAL_LEDInit(LED3);
STM_EVAL_LEDInit(LED5);
STM_EVAL_LEDInit(LED6);

/* SysTick end of count event each 10ms */
RCC_GetClocksFreq(&RCC_Clocks);
SysTick_Config(RCC_Clocks.HCLK_Frequency / 100);

/I Demo_Exec();

I}

1

1**

/' * @brief Execute the demo application.
/I * @param None

/I * @retval None

1=

/Istatic void Demo_Exec(void)

1K

/IBuffer[5] = 8;

test float = test float + 2;



Timer_Config();
Input_Config();
/IADC3_CH12 DMA_Config();
Output_Config(seven_sine);

I1 for(i=0:i<4096;i++) {

1 iir_input[i] = 0;
I iir_output[i] = 0;
1 }

1

/Il arm_biquad_cascade_df2T_instance_f32 S1 = {(uint8_t)1, iir_state, iir_coeffs};

1

/[l arm_biquad_cascade_df2T init f32(&S1, num_stages, &iir_coeffs[0], &iir_state[0] );
/I arm_biquad_cascade_df2T_f32(&S1, &iir_input[0] , &iir_output[0] , iir_block_size );

for (i=0;i<4096;i++) {
signal[i]=1,;
corr_output[i]=0;

}

for (i=0;i<256;i++) {
part[i]=1;
}

CrossCorrTimeDomain(signal,part,corr_output);

ADC_SoftwareStartConv(ADC1);

/I while (1)

Il {

/I [* convert the ADC value (from 0 to OXFFF) to a voltage value (from 0V to 3.3V)*/
/I ADC1ConvertedVoltage = ADC1ConvertedValue *3300/0xFFF;

1 Buffer[index]=ADC1ConvertedVoltage;
1 index++;
1 if (index == 4096)
1 index=0;
1
I}
1
while (1)
{

/* convert the ADC value (from 0 to OxFFF) to a voltage value (from 0V to 3.3V)*/



ADC1ConvertedVoltage = ADC1ConvertedValue *3300/0xFFF;
Buffer[index]=ADC1ConvertedVoltage;

index++;
if (index == 4096)
index=0;
}
while(1)
{
DAC_SetChannellData(DAC_Align_12b R, dacval);
dacval = (dacval + 1) & OxO3FF;
Delay(10);
}
// while(1)
1{
1 if (TIM_GetFlagStatus(TIM8, TIM_FLAG_Update))
1 {
i DAC_SetChannellData(DAC_Align_12b_R, dacval);
I dacval = (dacval + 1) & OXOFFF;
1 }
I}
while(1)
{

GPIO_InitStruct2.GPIO_Pin = GPIO_Pin_7;
GPIO_InitStruct2.GPIO_Mode = GPIO_Mode_OUT;
GPIO_InitStruct2.GPIO_Speed = GPIO_Speed_25MHz;
GPIO_InitStruct2.GPIO_OType = GPIO_OType_PP;

GPIO_InitStruct2.GPIO_PuPd = GPIO_PuPd_UP;

GPIO_Init(GPIOA, &GPIO_InitStruct?2);

/IGPIO_InitStruct2.GPIO_PuPd = GPIO_PuPd_DOWN;
[IGPIO_Init(GPIOA, &GPIO_InitStruct?);

/IADC_input[dacval] = ADC_GetConversionValue(ADC1); //DO NOT USE EVERRRRR
DAC_SetChannellData(DAC_Align_12b_R, dacval);

I DAC_SetChannellData(DAC_Align_12b R, dacval);
dacval = (dacval + 1) & OxOFFF;



1
1

1
1
1

1
1
1
1

1
1

1
1
1
1
1

DAC_SetChannellData(DAC_Align_12b R, 400*seven_sine[dacval]);

dacval = (dacval + 1) & OxOFFF;
DemoEnterCondition = 0x00;

/* Reset UserButton_Pressed variable */
UserButtonPressed = 0x00;

/* Initialize LEDs to be managed by GPIO */
STM_EVAL_LEDInit(LEDA4);
STM_EVAL_LEDInit(LED3);
STM_EVAL_LEDInit(LED5S);
STM_EVAL_LEDInit(LED®6);

/* SysTick end of count event each 10ms */
RCC_GetClocksFreq(&RCC_Clocks);
SysTick_Config(RCC_Clocks.HCLK_Frequency / 100);

/* Turn OFF all LEDs */

STM_EVAL_LEDOff(LEDA4);
STM_EVAL_LEDOff(LED3);
STM_EVAL_LEDOff(LED5);
STM_EVAL_LEDOff(LED®6);

STM_EVAL_LEDToggle(LED4);
STM_EVAL_LEDOff(LEDA4);

Delay(10);
STM_EVAL_LEDToggle(LED4);
Delay(10);

STM_EVAL_LEDToggle(LED6);
STM_EVAL_LEDOff(LEDA4);

Delay(10);
STM_EVAL_LEDToggle(LED6);
Delay(10);

/* Waiting User Button is pressed */
while (UserButtonPressed == 0x00)
{

/* Toggle LEDA4 */
STM_EVAL_LEDToggle(LED4);
Delay(10);

[* Toggle LED4 */

STM_EVAL _LEDToggle(LED3);



/I Delay(10);

/I [* Toggle LED4 */

/I STM_EVAL_LEDToggle(LEDS5);

/I Delay(10);

/I [* Toggle LED4 */

/I STM_EVAL_LEDToggle(LEDS);

/I Delay(10);

/I togglecounter ++;

/I if (togglecounter == 0x10)

I {

I togglecounter = 0x00;

1 while (togglecounter < 0x10)

1 {

1 STM_EVAL_LEDToggle(LEDA4);
1 STM_EVAL_LEDToggle(LED3);
1 STM_EVAL_LEDToggle(LED5);
1 STM_EVAL_LEDToggle(LED6);
1 Delay(10);

I togglecounter ++;

1 }

/I togglecounter = 0x00;

I}

I}

/I [* TIM4 channels configuration */

/I TIM4_Config();

1

/I [* Disable all Timer4 channels */

/I TIM_CCxCmd(TIM4, TIM_Channel_1, DISABLE);
/I TIM_CCxCmd(TIM4, TIM_Channel_2, DISABLE);
/I TIM_CCxCmd(TIM4, TIM_Channel_3, DISABLE);
/I TIM_CCxCmd(TIM4, TIM_Channel_4, DISABLE);

}
}

/**

* @brief Initializes the USB for the demonstration application.
* @param None

* @retval None

*/

static uint32_t Demo_USBConfig(void)

{



USBD_Init(&USB_OTG_dev,
USB_OTG_FS_CORE_ID,

&USR_desc,
&USBD_HID cb,
&USR_ch);
return O;
}
/**

* @brief Configures the TIM Peripheral.

* @param None

* @retval None

*/

static void TIM4_Config(void)

{

GPIO_InitTypeDef GPIO_InitStructure;
TIM_OCInitTypeDef TIM_OCInitStructure;
TIM_TimeBaselnitTypeDef TIM_TimeBaseStructure;

[* - System Clocks Configuration ----------------- */
/* TIM4 clock enable */
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM4, ENABLE);

/* GPIOD clock enable */
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOD, ENABLE);

[*--- GPIO Configuration ----*/

/* GPIOD Configuration: Pins 12, 13, 14 and 15 in output push-pull */
GPIO_|InitStructure.GPIO_Pin = GPIO_Pin_12 | GPIO_Pin_13 | GPIO_Pin_14 | GPIO_Pin_15;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF,;

GPIO_InitStructure.GPIO_OType = GPIO_OType_ PP;

/IGPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;

GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_UP;

GPIO_InitStructure.GPIO_Speed = GPIO_Speed_100MHz;

GPIO_Init(GPIOD, &GPIO_InitStructure);

/* Connect TIM4 pins to AF2 */

/IGP1O_PinAFConfig(GPIOD, GPIO_PinSourcel2, GPIO_AF_TIM4);
/IGPIO_PinAFConfig(GPIOD, GPIO_PinSourcel3, GPIO_AF_TIM4);
/IGPIO_PinAFConfig(GPIOD, GPIO_PinSourcel4, GPIO_AF_TIM4);
/IGPIO_PinAFConfig(GPIOD, GPIO_PinSourcel5, GPIO_AF_TIM4);




TIM4 Configuration: Output Compare Timing Mode:

In this example TIM4 input clock (TIM4CLK) is set to 2 * APB1 clock (PCLK1),

since APBL1 prescaler is different from 1 (APB1 Prescaler = 4, see system_stm32f4xx.c file).
TIMACLK = 2 * PCLK1

PCLK1 =HCLK /4

=> TIM4CLK = 2*(HCLK / 4) = HCLK/2 = SystemCoreClock/2

To get TIM4 counter clock at 2 KHz, the prescaler is computed as follows:
Prescaler = (TIMACLK / TIM1 counter clock) - 1
Prescaler = (168 MHz/(2 * 2 KHZz)) - 1 = 41999

To get TIM4 output clock at 1 Hz, the period (ARR)) is computed as follows:
ARR = (TIM4 counter clock / TIM4 output clock) - 1
= 1999

TIM4 Channell duty cycle = (TIM4_CCR1/ TIM4_ARR)* 100 = 50%
TIM4 Channel2 duty cycle = (TIM4_CCR2/ TIM4_ARR)* 100 = 50%
TIM4 Channel3 duty cycle = (TIM4_CCR3/ TIM4_ARR)* 100 = 50%
TIM4 Channel4 duty cycle = (TIM4_CCR4/ TIM4_ARR)* 100 = 50%

==> TIM4_CCRx = TIM4_ARR/2 = 1000 (where x =1, 2, 3 and 4).

Note:

SystemCoreClock variable holds HCLK frequency and is defined in system_stm32f4xx.c file.
Each time the core clock (HCLK) changes, user had to call SystemCoreClockUpdate()
function to update SystemCoreClock variable value. Otherwise, any configuration

based on this variable will be incorrect.

- */

/* Compute the prescaler value */
PrescalerValue = (uint16_t) ((SystemCoreClock /2) / 2000) - 1;

/* Time base configuration */

TIM_TimeBaseStructure. TIM_Period = TIM_ARR,;
TIM_TimeBaseStructure.TIM_Prescaler = PrescalerValue;
TIM_TimeBaseStructure.TIM_ClockDivision = 0;
TIM_TimeBaseStructure. TIM_CounterMode = TIM_CounterMode_Up;
TIM_TimeBaselnit(TIM4, &TIM_TimeBaseStructure);

/* Enable TIM4 Preload register on ARR */
TIM_ARRPreloadConfig(TIM4, ENABLE);



/* TIM PWML1 Mode configuration: Channel */
TIM_OCInitStructure.TIM_OCMode = TIM_OCMode_PWM1,;
TIM_OCInitStructure. TIM_OutputState = TIM_OutputState_Enable;
TIM_OCInitStructure. TIM_Pulse = TIM_CCR,;
TIM_OCInitStructure. TIM_OCPolarity = TIM_OCPolarity_High;

/* Output Compare PWM1 Mode configuration: Channell */
TIM_OC1Init(TIM4, &TIM_OCInitStructure);
TIM_CCxCmd(TIM4, TIM_Channel_1, DISABLE);

TIM_OC1PreloadConfig(TIM4, TIM_OCPreload_Enable);

/* Output Compare PWM1 Mode configuration: Channel2 */
TIM_OC2Init(TIM4, &TIM_OCInitStructure);
TIM_CCxCmd(TIM4, TIM_Channel_2, DISABLE);

TIM_OC2PreloadConfig(TIM4, TIM_OCPreload_Enable);

/* Output Compare PWML1 Mode configuration: Channel3 */
TIM_OC3Init(TIM4, &TIM_OCInitStructure);
TIM_CCxCmd(TIM4, TIM_Channel_3, DISABLE);

TIM_OC3PreloadConfig(TIM4, TIM_OCPreload_Enable);

/* Output Compare PWM1 Mode configuration: Channel4 */
TIM_OC4Init(TIM4, &TIM_OCInitStructure);
TIM_CCxCmd(TIM4, TIM_Channel_4, DISABLE);

TIM_OC4PreloadConfig(TIM4, TIM_OCPreload_Enable);

/* TIM4 enable counter */
TIM_Cmd(TIM4, ENABLE);

}

/**

* @brief Inserts a delay time.

* @param nTime: specifies the delay time length, in 10 ms.
* @retval None

*/

void Delay(__10 uint32_t nTime)

{
/[TimingDelay = nTime;

while(nTime != Q)



{

nTime--;

}
}

/**
* @brief Decrements the TimingDelay variable.
* @param None
* @retval None
*/
void TimingDelay_Decrement(void)
{
if (TimingDelay != 0x00)
{
TimingDelay--;
}
}

/**

* @brief This function handles the test program fail.

* @param None

* @retval None

*/

void Fail_Handler(void)

{

/* Erase last sector */
FLASH_EraseSector(FLASH_Sector_11, VoltageRange_3);
/* Write FAIL code at last word in the flash memory */
FLASH_ProgramWord(TESTRESULT_ADDRESS, ALLTEST_FAIL);

while(1)

{
/* Toggle Red LED */
STM_EVAL_LEDToggle(LED5);
Delay(5);

}

}

/*-k

* @brief MEMS accelerometre management of the timeout situation.
* @param None.

* @retval None.

*/



uint32_t LIS302DL_TIMEOUT _UserCallback(void)
{
/* MEMS Accelerometer Timeout error occured during Test program execution */
if (DemoEnterCondition == 0x00)
{
/* Timeout error occured for SPI TXE/RXNE flags waiting loops.*/
Fail_Handler();
}
/* MEMS Accelerometer Timeout error occured during Demo execution */
else
{
while (1)
{
}
}

return O;

}

#ifdef USE_FULL_ASSERT

/**

* @brief Reports the name of the source file and the source line number

* where the assert_param error has occurred.

* @param file: pointer to the source file name

* @param line: assert_param error line source number

* @retval None

*/

void assert_failed(uint8_t* file, uint32_t line)

{

/* User can add his own implementation to report the file name and line number,
ex: printf("Wrong parameters value: file %s on line %d\r\n", file, line) */

/* Infinite loop */
while (1)

{

}

}
#endif

/*'k

* @brief Sets up timer for the ADC and DAC and DMA for the input/output buffer
* @param



*/
void Timer_Config(void)

{

/* Declarations */
TIM_TimeBaselnitTypeDef TIM_TimeBaselnitStruct;
GPIO_InitTypeDef GPIO_InitStructure;

/* Initialize prescaler value */
//uint16 _t prescalervalue = 0;
/Iprescalervalue = (uintl6_t)(0);

/* Timer initializations */

TIM_TimeBaselnitStruct. TIM_Prescaler = 0x0000;

TIM_TimeBaselnitStruct. TIM_CounterMode = TIM_CounterMode_Up;
/ITIM_TimeBaselnitStruct. TIM_Period = 1457; // given by(168e6/desired_freq)-1
TIM_TimeBaselnitStruct. TIM_Period = 4000; // given by(168e6/desired_freq)-1
TIM_TimeBaselnitStruct. TIM_ClockDivision = TIM_CKD_DIV1;

/Il TIM_TimeBaselnitStruct. TIM_RepetitionCounter = not needed?

/* Initialize timer clock */
RCC_APB2PeriphClockCmd(RCC_APB2Periph_TIM8, ENABLE);
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOD, ENABLE);

/* Timer Function Calls */

TIM_TimeBaselnit(TIM8, &TIM_TimeBaselnitStruct);
TIM_ARRPreloadConfig(TIM8, ENABLE);
TIM_SelectOutputTrigger(TIM8,TIM_TRGOSource_Update);
TIM_Cmd(TIM8,ENABLE);

/* GPIOD Configuration: Pins 12, 13, 14 and 15 in output push-pull */
GPIO_lInitStructure.GPIO_Pin = GPIO_Pin_12 | GPIO_Pin_13 | GPIO_Pin_14 | GPIO_Pin_15;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_ OUT;

GPIO_InitStructure.GPIO_OType = GPIO_OType_PP;

GPIO_|InitStructure.GPIO_PuPd = GPIO_PuPd_UP;

GPIO_InitStructure.GPIO_Speed = GPIO_Speed_2MHz;
GPIO_Init(GPIOE, &GPIO_InitStructure);
GPIO_ToggleBits(GPIOE, GPIO_Pin_13);

/l GPIOE->ODR "= GPIO_Pin_13;

/* Connect TIM4 pins to AF2 */



/IGPIO_PinAFConfig(GPIOE, GPIO_PinSourcel2, GPIO_AF_TIMS8);
/IGPIO_PinAFConfig(GPIOE, GPIO_PinSourcel3, GPIO_AF_TIM8);
/IGPIO_PinAFConfig(GPIOE, GPIO_PinSourcel4, GPIO_AF_TIMS8);
/IGPIO_PinAFConfig(GPIOE, GPIO_PinSourcel5, GPIO_AF_TIMS8);

/**

* @brief Sets up ADC and DAC and DMA for the input/output buffer

* @param

*

*/

void Input_Config(void)

{
/* Declarations */
ADC _InitTypeDef ADC_InitStructure;
DMA_InitTypeDef DMA_InitStructure;
GPIO_InitTypeDef GPIO_InitStructure;
ADC_CommonlnitTypeDef ADC_CommonlnitStructure;

/* Initialize ADC clock */

RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_DMA2 | RCC_AHB1Periph_GPIOC,
ENABLE);

RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADC1, ENABLE);

/* Initialize DMA Clock for ADC*/

//IRCC_AHB1PeriphResetCmd(RCC_AHB1Periph_ DMA2, ENABLE);

/* Initialize GPIO Clock */

//IRCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOC, ENABLE);

/* DMA Initialization for ADC*/

DMA_InitStructure. DMA_Channel = DMA_Channel_0;
/IDMA_InitStructure.DMA_Channel = DMA_Channel_2;
DMA_InitStructure.DMA_PeripheralBaseAddr = (uint32_t)ADC1_DR_ADDRESS;
DMA_InitStructure. DMA_MemoryOBaseAddr = (uint32_t)&ADC1ConvertedValue;
DMA_InitStructure. DMA_DIR = DMA_DIR_PeripheralToMemory;

DMA _InitStructure.DMA_BufferSize = 1;

DMA_InitStructure.DMA_Peripheralinc = DMA_Peripheralinc_Disable;
DMA_InitStructure. DMA_Memoryinc = DMA_MemoryInc_Disable;
DMA_InitStructure.DMA_PeripheralDataSize = DMA_PeripheralDataSize_HalfWord;
DMA_InitStructure. DMA_MemoryDataSize = DMA_MemoryDataSize_HalfWord,
DMA _InitStructure.DMA_Mode = DMA_Mode_Circular;



DMA_InitStructure.DMA_Priority = DMA_Priority High;
DMA_InitStructure. DMA_FIFOMode = DMA_FIFOMode_Disable;
DMA_InitStructure. DMA_FIFOThreshold = DMA_FIFOThreshold_HalfFull;
DMA_InitStructure. DMA_MemoryBurst = DMA_MemoryBurst_Single;
DMA_InitStructure.DMA_PeripheralBurst = DMA_PeripheralBurst_Single;
DMA_Init(DMA2_Stream0,&DMA _InitStructure);
DMA_Cmd(DMA2_Stream0,ENABLE);

/* GPIO Initialization */

GPIO_InitStructure.GPIO_Pin = GPIO_Pin_5;
/IGPIO_InitStructure.GPIO_Pin = GPIO_Pin_2;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AN;
/IGPIO_InitStruct. GPIO_Speed = GPIO_Speed_25MHz;
/IGPIO_InitStruct.GPIO_OType = GPIO_OType_ PP;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;
GPIO_Init(GPIOC,&GPIO_InitStructure);

/* ADC Common Initialization */

ADC_CommonlnitStructure. ADC_Mode = ADC_Mode_Independent;
ADC_CommonlnitStructure.ADC_Prescaler = ADC_Prescaler_Div2;
ADC_CommonlnitStructure. ADC_DMAAccessMode = ADC_DMAAccessMode_Disabled;
ADC_CommonlnitStructure. ADC_TwoSamplingDelay = ADC_TwoSamplingDelay 5Cycles;
ADC_Commonlnit(&ADC_CommonlnitStructure);

/* ADC initialization */
ADC _InitStructure. ADC_Resolution = ADC_Resolution_12b;
ADC _InitStructure. ADC_ScanConvMode = DISABLE;
ADC _InitStructure.ADC_ContinuousConvMode = ENABLE;
ADC _InitStructure. ADC_ExternalTrigConvEdge = ADC_ExternalTrigConvEdge None;
/IADC_InitStruct. ADC_ExternalTrigConv = ADC_ExternalTrigConv_T8_TRGO;
ADC_InitStructure.ADC_DataAlign = ADC_DataAlign_Right;
ADC _InitStructure. ADC_NbrOfConversion = 1;

/* ADC Function Calls */

ADC_Init(ADC1, &ADC_InitStructure);

ADC_RegularChannelConfig(ADC1, ADC_Channel_15, 1, ADC_SampleTime_3Cycles);
/IADC_RegularChannelConfig(ADC3, ADC_Channel_12, 1, ADC_SampleTime_3Cycles);
ADC_DMARequestAfterLastTransferCmd(ADC1,ENABLE);
ADC_DMACMd(ADC1,ENABLE);

ADC_Cmd(ADC1,ENABLE);

/* ADC Channel Config */
/IADC_RegularChannelConfig(ADC1,ADC_Channel_1,1,ADC_SampleTime_480Cycles);



/* DMA Function Calls for ADC */

}

void ADC3_CH12_DMA_Config(void)

{
ADC_InitTypeDef ADC_InitStructure;
DMA_InitTypeDef DMA _InitStructure;
GPIO_InitTypeDef  GPIO_InitStructure;
ADC_CommonlnitTypeDef ADC_CommoninitStructure;

/* Enable ADC3, DMA2 and GPIO CIOCkS ****************************************/

RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_DMA2 | RCC_AHB1Periph_GPIOC,
ENABLE);

RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADC3, ENABLE);

/~k DMA2 Streamo Channe|0 COﬂfIguratlon **************************************/

DMA _InitStructure.DMA_Channel = DMA_Channel_2;

DMA _InitStructure.DMA_PeripheralBaseAddr = (uint32_t)ADC3_DR_ADDRESS;
DMA _InitStructure.DMA_MemoryOBaseAddr = (uint32_t)&ADC3ConvertedValue;
DMA _InitStructure.DMA_DIR = DMA_DIR_PeripheralToMemory;

DMA _InitStructure.DMA_BufferSize = 1;

DMA _InitStructure.DMA_Peripheralinc = DMA_Peripherallnc_Disable;

DMA _InitStructure.DMA_Memorylnc = DMA_Memoryinc_Disable;

DMA _InitStructure.DMA_PeripheralDataSize = DMA_PeripheralDataSize_HalfWord;
DMA _InitStructure.DMA_MemoryDataSize = DMA_MemoryDataSize HalfWord;
DMA _InitStructure.DMA_Mode = DMA_Mode_Circular;

DMA _InitStructure.DMA_Priority = DMA_Priority_High;
DMA_InitStructure.DMA_FIFOMode = DMA_FIFOMode_Disable;
DMA_InitStructure.DMA_FIFOThreshold = DMA_FIFOThreshold_HalfFull;
DMA_InitStructure.DMA_MemoryBurst = DMA_MemoryBurst_Single;
DMA_InitStructure.DMA_PeripheralBurst = DMA_PeripheralBurst_Single;
DMA_Init(DMA2_StreamO, &DMA_InitStructure);

DMA_Cmd(DMA2_StreamO, ENABLE);

/* Configure ADC3 Channell2 pin as analog input *** ki |



GPIO_InitStructure.GPIO_Pin = GPIO_Pin_2;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AN;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL ;
GPIO_Init(GPIOC, &GPIO_InitStructure);

/* ADC Com mon I nlt **********************************************************/

ADC_CommonlnitStructure. ADC_Mode = ADC_Mode_Independent;
ADC_CommonlnitStructure.ADC_Prescaler = ADC_Prescaler_Div2;
ADC_CommonlnitStructure. ADC_DMAAccessMode = ADC_DMAAccessMode_Disabled;
ADC_CommonlnitStructure. ADC_TwoSamplingDelay = ADC_TwoSamplingDelay_5Cycles;
ADC_Commonlnit(&ADC_CommonlnitStructure);

/* ADC3 Inlt ****************************************************************/

ADC _InitStructure.ADC_Resolution = ADC_Resolution_12b;

ADC _InitStructure. ADC_ScanConvMode = DISABLE;

ADC _InitStructure. ADC_ContinuousConvMode = ENABLE;

ADC _InitStructure.ADC_ExternalTrigConvEdge = ADC_ExternalTrigConvEdge None;
ADC_InitStructure.ADC_DataAlign = ADC_DataAlign_Right;
ADC_InitStructure.ADC_NbrOfConversion = 1,

ADC_Init(ADC3, &ADC_InitStructure);

/* ADC3 regular Channe|12 Conflguratlon *************************************/
ADC_RegularChannelConfig(ADC3, ADC_Channel_12, 1, ADC_SampleTime_3Cycles);

/* Enable DMA request after last transfer (Single-ADC mode) */
ADC_DMARequestAfterLastTransferCmd(ADC3, ENABLE);

/* Enable ADC3 DMA */
ADC_DMACMd(ADC3, ENABLE);

/* Enable ADC3 */
ADC_Cmd(ADCS3, ENABLE);

}

void Output_Config(uint32_t* buffer)

{
/* Declarations */
DAC_InitTypeDef DAC_InitStruct;
DMA_InitTypeDef DMA_InitStruct;
GPIO_InitTypeDef GPIO_InitStruct;
GPIO_InitTypeDef GPIO_InitStruct2;

/* Initialize DAC Clock */
RCC_APB1PeriphClockCmd(RCC_APB1Periph_DAC, ENABLE);



/* DAC Initialization */

DAC_InitStruct. DAC_Trigger = DAC_Trigger T8 TRGO;

DAC_InitStruct. DAC_WaveGeneration = DAC_WaveGeneration_None;
DAC_InitStruct. DAC_LFSRUnmask_TriangleAmplitude = DAC_TriangleAmplitude_1;
DAC_InitStruct. DAC_OutputBuffer = DAC_OutputBuffer_Enable;

/* DAC Function Calls */
DAC_Init(DAC_Channel_1,&DAC _InitStruct);

/* Initialize DMA Clock for DAC */
RCC_AHB1PeriphResetCmd(RCC_AHB1Periph_DMA1, ENABLE);

/* DMA Initialization for DAC*/

DMA_InitStruct. DMA_Channel = DMA_Channel_7;

DMA_InitStruct. DMA_PeripheralBaseAddr = DAC_BASE+0x00; // possibly 0x047?7? see
pg263-264 in Ref Man

DMA_InitStruct. DMA_MemoryOBaseAddr = (uint32_t)buffer;

DMA_InitStruct. DMA_DIR = DMA_DIR_MemoryToPeripheral;

DMA_InitStruct. DMA_BufferSize = 4096;

DMA_InitStruct. DMA_Peripherallnc = DMA_Peripheralinc_Disable;

DMA_InitStruct. DMA_Memoryinc = DMA_Memorylnc_Enable;

DMA_InitStruct. DMA_PeripheralDataSize = DMA_PeripheralDataSize_Word,

DMA_InitStruct. DMA_MemoryDataSize = DMA_MemoryDataSize_Word;

DMA_InitStruct. DMA_Mode = DMA_Mode_Circular;

DMA_InitStruct. DMA_Priority = DMA_Priority_High;

DMA_InitStruct. DMA_FIFOMode = DMA_FIFOMode_Disable;

DMA_InitStruct. DMA_FIFOThreshold = DMA_FIFOThreshold_1QuarterFull;

DMA_InitStruct. DMA_MemoryBurst = DMA_MemoryBurst_Single;

DMA_InitStruct. DMA_PeripheralBurst = DMA_PeripheralBurst_Single;

/* DMA Function Calls for DAC */
DMA_Init(DMA1_Stream5,&DMA_InitStruct);
DMA_Cmd(DMAL_Stream5,ENABLE);
DAC_DMACmd(DAC_Channel_1,ENABLE);
DAC_Cmd(DAC_Channel_1,ENABLE);

/* GPIO Initialization */

GPIO_InitStruct.GPIO_Pin = GPIO_Pin_4;
GPIO_lInitStruct. GPIO_Mode = GPIO_Mode_AN;
GPIO_InitStruct. GPIO_Speed = GPIO_Speed_25MHz;
GPIO_lInitStruct. GPIO_OType = GPIO_OType_PP;
GPIO_InitStruct.GPIO_PuPd = GPIO_PuPd_NOPULL;
GPIO_Init(GPIOA,&GPIO_InitStruct);



GPIO_InitStruct2.GPIO_Pin = GPIO_Pin_7;
GPIO_InitStruct2.GPIO_Mode = GPIO_Mode_OUT;
GPIO_InitStruct2.GPIO_Speed = GPIO_Speed_25MHz;
GPIO_InitStruct2.GPIO_OType = GPIO_OType_PP;
GPIO_InitStruct2.GPIO_PuPd = GPIO_PuPd_UP;

GPIO_Init(GPIOA, &GPIO_InitStruct2);

/* Initialize GPIO Clock */
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOA, ENABLE);

}

void CrossCorrTimeDomain(uint32_t * signal, uint32_t * part, uint32_t * corr_output)
{

/* initializations */

inti=0;

intj=0;

for (i=0;i<(4096-256);i++)
{
corr_output[i] = 0;
for (j=0;j<256;j++)
{
corr_output[i] = corr_outputf[i] + part[j]*signal[i+j];

}



/I if (STM_EVAL_PBGetState(BUTTON_USER) == Bit_SET)

1{

/[l [* Turn on LEDs available on STM32F4-Discovery ------------===-=zmnmeumv */
/I STM_EVAL_LEDON(LEDA4);

/[ STM_EVAL_LEDON(LED3);

/I STM_EVAL_LEDON(LED5);

/I STM_EVAL_LEDON(LEDS®);

1

Il if ((*(_1O uint32_t*) TESTRESULT_ADDRESS) == ALLTEST_PASS)
I {

/I TimingDelay = 300;

/I [* Waiting User Button is pressed or Test Program condition verified */
/[ while ((STM_EVAL_PBGetState(BUTTON_USER) == Bit_SET)&&(TimingDelay != 0x00))
4

I}

Il else

I {

/I [* Waiting User Button is Released or TimeOut*/

/I TimingDelay = 300;

/[ while ((STM_EVAL_PBGetState(BUTTON_USER) == Bit_SET)&&(TimingDelay != 0x00))
I {

/I if (STM_EVAL_PBGetState(BUTTON_USER) == Bit._ RESET)

I A

1 TimingDelay = 0x00;

I}

I}

/[ if (TimingDelay == 0x00)

I A

/I [* Turn off LEDs available on STM32F4-Discovery -------------=-=----—--- */
/I STM_EVAL_LEDOff(LEDA4);

/I STM_EVAL_LEDOff(LED3);

/I STM_EVAL_LEDOff(LEDS5);

/I STM_EVAL_LEDOff(LED®6);

1

/I [* Waiting User Button is released */

/I while (STM_EVAL_PBGetState(BUTTON_USER) == Bit_SET)

I {

I

/I I* Unlocks the FLASH control register access */

/I FLASH_Unlock();

I

/I I* Move discovery kit to detect negative and positive acceleration values
/I onX,Y and Z axis */



/I Accelerometer MEMS_Test();

/I * USB Hardware connection */
/I USB_Test();

/I I* Audio Hardware connection */
/I Audio_Test();

/I [* Microphone MEMS Hardware connection */
/I Microphone_ MEMS_Test();

/I [* Write PASS code at last word in the flash memory */
/I FLASH_ProgramWord(TESTRESULT_ADDRESS, ALLTEST_PASS);

/Il while(1)

I {

I /* Toggle Green LED: signaling the End of the Test program */
1 STM_EVAL_LEDToggle(LED4);

Delay(10);

-~
~

I}

I}

Il else

I {

/I Demo_Exec();
I}

'}

Il else

I1{

/I Demo_Exec();
'}

/I [* USB configuration */
/I Demo_USBConfig();

/*'k

* @}
*/

[rrsxkdisassaaaask (C) COPYRIGHT 2011 STMicroelectronics ****END OF FILE****/






