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MarosS Mester
Uvodné sustredenie Turnaja mladych fyzikov 2024



Obsah

1. Uvod, prezentacia merani.

2. Meranie polohy, rychlosti z
nasnimaneho videa.

3. Zaznam a spracovanie zvuku.
4. Meranie elektrickych velicin.

5. Senzory a aktuatory pripojitefné na
mikrokontrolér*.

i g

o
Adtd
5

.’ /
) p—

2128



AT
[K]

Typicky graf — priklad

Range

[mA]
11,54 260 - 1000
24,09 190 - 1000
33,75 161 -748
76,39 107 - 330
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Meranie rozmerov, polohy,
rychlosti, zrychlenia...

Spracovanie fotografii a videa
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Zakladne poznatky

Projekcia 3D na 2D Kalibracia rozmerov

referencné pravitko

m

pinhole camera model [1] k =px/m
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Zakladne poznatky

FPS kamery Chyby sposobené skreslenim

Nyquistov-Shannonov
vzorkovaci teorém:

f‘UZ > meax

aby nevznikol aliasing.

barrel distortion [3]

zdroj: [2] pincushion distortion [3] .



®Tracker

Video Analysis and Modeling Tool

®Tracker

Video Analysis and Modeling Tool

Tracker Quick Start: freefall video analysis

1. Open the video, select frames of interest

2. Calibrate the video (set scale)

3. Set the origin and coordinate axis tilt

4. Track the ball as it falls

5. Plot y-velocity versus time

6. Double-click to open data in Data Tool

7. Fit a straight line to the data, determine slope

zdroj: [4] 7/28



®Tracker

Video Analysis and Modeling Tool

* Data Tool — O ot

* vykreslovanie grafu

projectile_model |

() fitovanie krIka Measure|hnal3rze Data Builder... | Refresh Help

p
. : lines| L]
* autotracking stid T
axis| horiz | vert
o t Wy
Main view of video and tracks will appear here. ;l k_ —— sz‘“la D DDD
Choose File|Open or Tracks|New to start 'I - E:\ 1 D . D 3 2 . 1 ?
T k w of track data will appear here. 2 D D_Ir' 1 85
@ . .
V{deoAnawrngchodengIJ 3 010 1562
4 013 1.19
Autotracker 5 0.17] 0.87
6 0.20] 0.54
1. How to use it 7| 0.23] 021
2. How it works ‘ B . g* gi; gll
3. How to control it for best vesults | U | 10 033077
Fit Name: | Line — Frt Builder | | Parameter Value 11| 0.37]-1.09
A -9.800E0 12 0.40]-1.42
Fit Equation: vy = A"t + B i B 2.500E0 ::’1 g-j’; ;E?

“.g\ e |

] Autofit  rms dev: 5 361E-15 ‘ 15 0.50

Drag table columns to yvellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

zdroj: [5] zdroj: [6]
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Pokrocile trackovanie polohy*

» OpenCV: open source kniznica pre manipulaciu s obrazom
* Python/ C++

« Funkcionality:
 detekcia objektu (prahovanim farieb): inRange () , findContours ()

 detekcia objektu (Houghove transformacie): HoughCircles () , HoughLines ()

» odstranenie statického pozadia: BackgroundSubtractor
 kalibracia kamery, korekcie skreslenia: calibrateCamera () , undistort ()
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Pokrocile trackovanie polohy*
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Pokrocile trackovanie polohy*
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Zaznam a spracovanie zvuku

Meranie frekvencie, hlasitosti...
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ZVUK

* Vlastnosti zvuku:
1. frekvencia
(,vyska“)

2. pritomnost
vyssich

harmonickych

frekvencii
(,farba”)

3. amplituda resp.
Intenzita
(,hlasitost™)

4. rychlost zvuku
5. dizka trvania
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ZVUK

* Vlastnosti zvuku:

1.

2.

o1

frekvencia
(,vyska“)
pritomnost
vyssich
harmonickych

frekvencii
(,farba”)

amplituda resp.

Intenzita
(,hlasitost™)

rychlost zvuku
dizka trvania

nahravka

zvuku v Case

/ frequency

Analyza zvuku (Fourierova transformacia) [7]
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ZVUK

* Vlastnosti zvuku:

1. frekvencia
(,vyska“)

2. pritomnost
vyssich
harmonickych

frekvencii
(,farba”)

3. amplituda resp.

Intenzita
(,nlasitost™)

4. rychlost zvuku
5. dizka trvania

Sound pressure D [Pa]
Sound intensity I ‘'W.m"2]
Sound intensity level L, db]
Sound pressure level L, db]
mikrofén
U prepodet na p D
: — | tlakp(vdaka |/ Lp = 20 l0{3’10 —
kalibracii) p
[db]
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Datasheet mikrofonu

frekvencna charakteristika proximity effect
+20 dB 1 cardioid Scm/2in
» 10cm /4 in
25 30cm /12 in
0 - 50cm /20 in
20 100 cm /39 in
0 ___.// \ 15 -
- o
dB pE \\ .
-10 / . - A
5 =
-20 0 ’ o p—E
3 456789 3 456789 3 4 56789
10Hz 20Hz 100 Hz 200 Hz 1kHz 2kHz 10 kHz 20 kHz 100 1kHz [9]

Neumann TLM 103

Hz thegreatestsong.com [8]

16/ 28



Audacity




Evolucia spektra v case (Python)*

Spectrogram
16384
8192
generate_spectrogram(mp3_file): 4096
¥, st = librosa.load(mp3_file, sr= : 2048 3
ol ) ) v( £ &4 »
B Mt & ot o | T N
1024 ‘ ‘,-3". oot fl‘h\%ﬁ“‘z\ﬂl\\m‘
ibrosa.amplitude to_db(np.abs{librosa N : ‘R'K { ;f\’ i ‘
512 il
[_1 -F1gur1e|f1g ize=(18,
E . 256
plt.colorbar }
plt.title('Spe 128

nlt.show()

64

ElDlbrosa

Time

CiPy

scipy.fft()
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--10 dB
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Meranie elektrickych veliCin

elektrické napatie, prud, frekvencia...

19/ 28



Meracie pristroje

digitalny multimeter signalovy generator osciloskop

DT9208A (¢

IXEEETH

ako zdroj striedavého meranie Gasowych
111] napatia z nastavitelnhou oriebehov veligin
AC/DC napatie, AC/DC frekvenciou

prud, odpor, kapacita... 20/ 28



meranie prudu - sériovo meranie efektivhej hodnoty (RMS)

&

meranie napatia - paralelne

usmernena stredna hodnota

1 T
Usar = TJ |u(t)|dt
0

PN Ipe lcn pre harmonicky priebeh!
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Osciloskop*

Vseobecne rady:

* pouzivat vhodnu sondu
* spravne uzemnit sondu
e spravne nastavit
Skalovanie Casu a
meranej veliciny
 nemerat priliS vysoké
napatie (sonda aj
osciloskop maju limity)

@ ROHDE&SCHWARZ RTB2004 - Digital Oscilloscope - 2.5 GSals
——
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USB flash port . Kanaly (BNC vodic)

osciloskop [23] so sondou
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Typicky graf — priklad

Range

[mA]
11,54 260 - 1000
24,09 190 - 1000
33,75 161 -748
76,39 107 - 330

400

t= 1 min

600
Current [mA]

800

| errorbar

1000
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Neistota meracieho pristroja

MASTECH (MY64) multimeter:

4.2 DC VOLTAGE

Range Resolution Accuracy

200mV 0.1mv +0.5% of rdg = 1 digit

2V 1mV +0.5% of rdg * 1 digit

20V 10mV 1+0.5% of rdg *= 1 digit

200V 0.1V +0.5% of rdg = 1 digit

1000V 1V +0.8% of rdg = 2 digits

Input impedance:10M Q

p% z namer. hodnoty + n digitov

uB:

V3

Uc = \/uf1 + uj

https://planck.fel.cvut.cz/praktikum/downloads/navody/zpracdat.pdf

[14]

[15]

Priklad:

Pristroj zobrazuje

U=1296V.
Displej pristroja na tomto rozsahu
zobrazuje maximalne hodnotu
19,99 V a velkost jedného dielika je
0,01 V. Neistota typu B je:

(12,96 - 22 1+ 1.0,01)

100
V3

Ug

Ug ~ 43 mV.
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Senzory a aktuatory
pripojitelne na mikrokontroler*

meranie teploty, zrychlenia, ovladanie motorov
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Arduino (alebo iny mikrokontroler)*

integrovany obvod obsahujuci mikropocitac Priklad:

»
=
=]
c
H
=
i -

Arduino UNO [17], ESP32 [18]

obvod na meranie DC
—1 napatia [19]
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Arduino: senzory a aktuatory*

(power transistor)
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—— \
/
“";um—\gs , ‘\
r!&ONS Jc
= AN I |

B 171 |

| 3

fritzing

Senzory teploty akcelerometer a

obvod na ovladanie
Pt100 [20], LM35[21] gyroskop MPU-6050 [22]

rychlosti DC motora
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Arduino: naco si davat pozor

* limity na dodany vykon — maximalne 40 mA/pin a 200 mA celkovo.
Preto, okrem el. zdroja pre Arduino je Casto potrebny este aj externy zdroj
pre samotny projekt

- ,pomalé“ pre niektoré aplikacie — maximalna vzorkovacia frekvencia
ADC (u modelu Arduino UNO) je 9615 Hz

« Ako kvantifikovat’ neistotu merania? — netrivialne, zacal by som tym, ze
ADC ma 10 bit rozliSenie, pozname teda najmensi dielik.

e C/C++
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Zdroje

© 0 N o g bk~ wDNh PR

https://en.wikipedia.org/wiki/Pinhole_camera_model

https://www.youtube.com/watch?v=4SpSwTvbZI|4

https://en.wikipedia.org/wiki/Distortion (optics)

Tracker quick start by Douglas Brown: https://www.youtube.com/watch?v=n4Eqy60yYUY

Tracker Autotracker Tutorial by Douglas Brown: hitps://www.youtube.com/watch?v=Dn0Zz7rtkZw

https://physlets.org/tracker/help/plotview.html

https://www.nti-audio.com/en/support/know-how/fast-fourier-transform-fft

https://thegreatestsong.com/neumann-tim-103-review/

https://www.dpamicrophones.com/mic-university/background-knowledge/proximity-effect-in-microphones-

explained/

. https:/mwww.youtube.com/watch?v=q7MotHfr WEE&t=2s
11.
12.
13.
14.
15.

https://diolut.sk/ihlov-digitiny-multimeter-dt-9208a-p-30023.html
https://elektronik-lavpris.dk/p148351/jt-psg9080-signalgenerator-programmerbar/
https://cz.farnell.com/multicomp-pro/mp720106/dso-200mhz-1gsps-1-7ns/dp/3228047
https://datasheet.octopart.com/MY64-Mastech-datasheet-7276662.pdf
https://planck.fel.cvut.cz/praktikum/downloads/navody/zpracdat.pdf
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https://www.youtube.com/watch?v=4SpSwTvbZI4
https://en.wikipedia.org/wiki/Distortion_(optics)
https://www.youtube.com/watch?v=n4Eqy60yYUY
https://www.youtube.com/watch?v=Dn0Zz7rtkZw
https://physlets.org/tracker/help/plotview.html
https://www.nti-audio.com/en/support/know-how/fast-fourier-transform-fft
https://thegreatestsong.com/neumann-tlm-103-review/
https://www.dpamicrophones.com/mic-university/background-knowledge/proximity-effect-in-microphones-explained/
https://www.dpamicrophones.com/mic-university/background-knowledge/proximity-effect-in-microphones-explained/
https://diolut.sk/ihlov-digitlny-multimeter-dt-9208a-p-30023.html
https://elektronik-lavpris.dk/p148351/jt-psg9080-signalgenerator-programmerbar/
https://cz.farnell.com/multicomp-pro/mp720106/dso-200mhz-1gsps-1-7ns/dp/3228047
https://datasheet.octopart.com/MY64-Mastech-datasheet-7276662.pdf

Zdroje

16.
17.
18.
19.
20.
21.
22.
23.

https://www.amazon.com/Fluke-115-digital-Multi-meter/dp/BOOK17CMKS

https://en.wikipedia.org/wiki/Arduino#/media/File:Arduino Uno - R3.{pg

https://kksb-cases.com/cdn/shop/products/ESP32TypeC3 1000x1000.jpg?v=1677857292

https://dronebotworkshop.com/dc-volt-current/
https://eu.mouser.com/new/sparkfun/sparkfun-pt100-sensor/
https://akshaim.github.io/loT/Sensors/LM35.html

https://randomnerdtutorials.com/arduino-mpu-6050-accelerometer-gyroscope/

https://www.youtube.com/watch?v=iXvFw6KyAew&ab channel=ElectronicsNotes
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https://www.amazon.com/Fluke-115-digital-Multi-meter/dp/B00K17CMKS
https://en.wikipedia.org/wiki/Arduino#/media/File:Arduino_Uno_-_R3.jpg
https://kksb-cases.com/cdn/shop/products/ESP32TypeC3_1000x1000.jpg?v=1677857292
https://akshaim.github.io/IoT/Sensors/LM35.html
https://randomnerdtutorials.com/arduino-mpu-6050-accelerometer-gyroscope/

Dakujem za pozornost.

MarosS Mester
mestemar@fel.cvut.cz
Uvodné sustredenie Turnaja mladych fyzikov 2024



Meranie rozmeru — priklad

} Ll
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