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1. Arduino 4¢3

EANERE > TS Arduino Fith > TR ZATTEREIEFEHE
178 > E%F (EEME Arduino BEIEGTAFT) - EAE—FBEL
7r&A Arduino A —ELEFEMF - /M 4EE R IR gRIEAE =GR
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1. BRSRE(D): ARSI TT 3 > eSS —(E e v e IR A B
G5ErE  FHF 100ms RARKE - —EFIESIRE —(E - FHiEmER T

F— EIELE > PREZHSE -

sketch _sep2B8a

const byte LEDs[] = {8,9,10,11,12}; > F Y

const byte total = sizect (GEDS); B I I

volid setup() {

// put your setup code here, to run once:

for (byte 1=0; i<total; 1++) { id\ﬁé‘tOta|EUﬂD_‘
phaode (LEDSIR], CUREUL) ; as E A AR AL R
digitalWrite (LEDs[1], LOW) ;

} > (R A i L (R AT

}

void loop() {

// put your main cods here, to run repeatedly:

for (byte 1i=0; i<total-1; i++) |
digitalWrite (LEDs[i], HIGH);
delay (100);
digitalWrite (LEDs[i],LOW) ;

}

for (byte i=total-1; i=0; i-=1) {
digitalWrite (LEDs[i], HIGH) ;
delay (100);
digitalWrite (LEDs[i], LOW) ;
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2. HRENEQ): HitaE BHEMWILHY LED EHIREE » KRk

e reit -

|canst byte LED1 = 8; > E%%?%mﬁz

const byte LED2 = S;
const byte LED3 = 10;

vold setup() |
{/ put your setup code here, to run once:
pinMode (LED1, CUTPUT) ;

p%nMDde(LEDZ,G?Tf?T}; > E&iﬁ%ﬁﬁiﬁ%ﬁﬁtﬂ
pinMode (LED3, CUTPUT) ;

void loop() {
// put your main code here, to run repeatedly:
digitalWrite (LED1, HIGH) ;
digitalWrite (LED2, LOW) ;
digitalWrite (LED3, LOW) ;
delay (200);
digitalWrite (LED1, LoWs » %ﬁﬁxﬁ , f/\/\é LED1 Z;E[J LED3
digitalWrite (LED2, HIGH) ;
digitalWrite (LED3, LOW) ;
delay (200) ;
digitalWrite (LED1, LOW) ;
digitalWrite (LED2, LOW) ;
digitalWrite (LED3, HIGH) ;
delay (200) ;
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3. EMEFPSIRIZER] LED: {EfF35 i AR g T oA LED » &

W] 0 HIBESE LED 1 > Z2U5E] | HIRHET LED K -

e A —> DT R B A R S

void setup() {
// put your setup code here, to run once:
pinMode (LED_BUTLTIN,OouTEUT); > | ED BEMIERE Al
Serial.begin(se00); > BEIFEHIEGL 9600bps [
Serial.println("Welcome to Arduineo"); _—P fﬁ%ﬁ”fﬁé&ffﬁgﬂ

1

void loop()
// put your main code here, to run repeatedly:
if(serial.available()) { > HEREAESERNEHER
vlval = Serial.read(}; _ = » %‘E]\:é'f*gl,
switch (wval) {
case"'0": 7
Serial.println ("LED OFF");
digitalWrite (LED BUILTIN,LOW) ;

HWE] 0 HIIESSE LED

v

break;

case"'l":
Serial.println("LED CN");
digitalWrite (LED BUILTIN, HIGH) ;

&WeE] 1 AEART LED

v

break;
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2. ZEAHRE
FERIIEIS 2 SE5E R 2 AT SR IET e » BEFH)—(H

—EEVBHEE—EH > eI — AR e
AIRAKHIERE CERRF IR R 0D » By 1 4/ METSBIENHIAEEE - Pl
PR Z il 5% RSO P AR T [ 2

ENRET LR S SRR - & AR B AR R - 1 B A
sl THEAE RV ENE - NI O EA R sn B AU B RE 2 -
MHED 2 1% - (St e iz AN 5558 - (FaRFEH -
AL B A BB e 25 (Blectrical to optical converter) ~ YE& ~ SYEEEH

#25(Optical to electrical converter) A1 Raspberry Pi My fZei 2 -

Arduino-nano board
E/O Converter

— Faraday Cage

—— Camera

Raspberry Pi 4B

\ O/E Converter
Plastic Fiber
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IR SR ERIED 2 1% > A 8 A] DU Sp AR A BB B o o BRI T
> A DLE Ay B BB A A R el e/ D > SO SE I (R B A S -
UM BB E i & [E2 -
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2.1. TEMERVIERIRES

ISR TE R FH SRS AR P RIS - R R =T T -
RN EFETERE > s gFlasEas e ER 60 Fh-
SEREIREE - IBRERIERE 15 B S EP BRI T/ A 5E
(EAR GBI 2R o A A BRI AR MBS A - Rt P AT
python #Y RPLGPIO #H{%F - A ALFT~ » 1 RPLGPIO ZAf% - i/
setmode PHESHT “dmit & #ETTECE © EH BOARD A= 4w5% - AR
B4R SE 7 T0EL Raspberry Pi FlLAY4RSE—6 © AIBLDAZKE > ok
RAEREGRAVIHE » (A 4mercal 7] LAE R FE S Raspberry Pi A AR
fir > 5541 datetime ZH A2 I TAZ RIS ] B0 FAE 2022/12/31
23:59.59 BYTHYEE - AENELE ECRE IS (IR [ERG - PR E GhFE
FEARERS © B f% PiCamera RIS FIAGERITHAEIERY - BlLThEsE S H -
BB -

from datetime import datetime
from fractions import Fraction
import time as sleep

import RPi.GPIO as GPIO

from picamera import PiCamera

[& 71 ~ Raspberry Pi fHi&HY O 4R E



s B SESmAUR IR - 2B SATR > F(EA setup eREZKITECS [
g A\ St - FREOE S TR S R A > PUSS TR AR e ER R
A g A HTEHSR ©

GPIO.setmode(GPI0.BOARD)
GPIO.setup(7,GPIO.IN)

[N~ 5 ECE
P NRFHEARREA LR E RS R e aEEE > 4

& AR -

t = 1500
tt = t+100
extime = t*1000

iso=1

camera = PiCamera()
camera.resolution = (4056,3040)
camera.rotation = 180
camera.framerate = Fraction(1000,t)

camera.shutter_speed = extime

B~ BEAHRE
FERCEF R 1% > AT 2N > HEVE R T EMAERSE - &

PEUEERSRR - w g FRHRER - TEERHARR - AP5EE T ERLIR
BT R BT > BAEEE I T8 —E BB (10000 F)
Z1% > WFGUWEERIRAL S GRiE 2 break - B (R 2 2UHE A SRR AR -

BRCEER > 2E) s o
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for i in range(10002): #must > first if value
result = GPIO.input(7)

if i > 10000: #10000 approximate 22 sec
print(‘too long")

break

&\~ FRERE

WIE L - S UER E R E A S aVEHes R - R U G
FRIAERL - SERiH Z RATERHIR R 1T - SR — P uiEiie

WERAET » ST -+ B -

if result == 1:
print('success')
camera.exposure_mode = 'off'

print("Camera ready")

now = datetime.now()

current_time = now.strftime("%y-%m-%d_%H-%M-%S_")
filepath,filename,filetype,ext,ISO,cameraname = '’home/pi/Desktop/Soft/',current_time,".bmp',str(t),str(iso), laser2_'
file = filepath+filename+cameraname+ext+'_'+ISO+filetype

print(1,current_time)

camera.capture(file,format="bmp")
print(camera.exposure_speed)

print(camera.shutter_speed)

camera.close()

now = datetime.now()
current_time = now.strftime("%y.%m.%d-%H:%M:%S")
print(2,current_time)

break
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2.2. ENRELERS
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int TLED
SLED
th =
int s0 =
tl =
int sl =
int t2;

int s2;

int

]
o

int
int

int

-0 o 2 |

int
int st;
int tt;

void setup()

[

triggerpin = 2;
standbypin = 4;

trigger LED p{x
stand by LED Hépdfir
trigger LED #o2&&{8
stand by LED #r#&48
trigger #7— 6% M) ay{d
stand by &7 — ¥ ] o9 i
trigger <& &7 6¥ M) e {d
stand by & #7 ¥ ] ob i
trigger B{i

stand by Bp{x

s2-sl

t2-tl

Logi S

pinMode(TLED, OUTPUT):
pinMode(SLED, OUTPUT):

pinMode( triggerpin, INPUT);
pinMode( standbypin, INPUT);
Serial. begin(9600);
}
void loop() 2 E
[
t2 = digitalRead(triggerpin);
s2 = digitalRead(standbypin);
st = s2-s1;
tt = t2-t1;
if (s0==0)
[
if(st==1)
{
s0 = 1:
sl = sZ;

digitalWrite(SLED, s0);
1
else
{
sl = s2:
}

else
{

if (st==-1)
{

s0=0;
digitalWrite(SLED, s0);
sl = s2:
}

elseif (tt==1)
i
t0=1:

digitalWrite(TLED, t0):
delavMicroseconds( 1250 )
digitalWrite(TLED, 0);

tl = t2;

s0 = 0;
digitalWrite(SLED, s0);

B+

trigeger LED & {x# & 3% &
stand by LED myim#8 & 3% %
trigger i B i A e
stand by 3 By 8 K i
OE 3 IR R

AR R AR B (TR 2 0 - @28 B 1)

F 87 L F A7 2 B B Sk T 4k da

s0=1 # e A%
b F) BT A F T B B S of £ ®] on
AR —H RN s #a ]

4% stand by #7 — 55 ] {f =5 f& {#
stand by LED 3%

4% stand by AT — % R {8 =30 & {8

] B X F T R M4 on B of f

stand by LED sg
45 stand by AT — 6F Rl =3 f f

e ) i X T AR S A Sedl T

trigger LED &
& 1. 25ms
trigger LED s&

H¥ trigger BT —SF R {E =R {8

> 1 1.25ms 4 & 0.5s

stand by LED sg

45 trigmer &7 —oF R{A =R 7L A

R EREE A BR HVAE RS (1]

13



TEAEAS T Arduino-nano board ~ SN75451BN - transmitter =745

=il LED & - A BAEREEH - satERES RS EER1] -

Bl ~ ERIRE A Es M

2.3. E/O converter

BUE E/O converter HY H HYE Ky T s2aak m] DAGE IR BdA ) S e

i > I P B RE B D e (S s R R 4 h 2 SR R T A A RS e
HEAFIEREA - SRR A I F E(F -

NEEREA/NGHER > FTLAIER 7R sty R RS 2N
HAF transmitter HYEL7T SCHTHE 1 PO (& T New Box FEfE) » fIL
A Y A (EERSE (18— Original Box HEAE) » 0] LA S & FHIEE]
HRp 3 LRSI © JRAS LU R M 2 2 B R B ERYER IR A A 25 I A E BB N
& transmitter * {HIZ5E R LIRS, » FRPHHNRE L F 2 (F > FTLAst/2 A
BE 0 SNT5451BN AHOR B HIER 5 - /O converter Y B ES B 411E]+ -
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Original Box

Arfluino]

HFB

wlo & |

Q Q00

New Box

I T Y I Y Y I Py R 1o
000080684 D

&+ ~ E/O converter B [E

B & AT Y VU transmitter EEAERHY & T#RE - W& T2

FL > BE5ERK T E/O converter FYEYAE o

R\

[El+= -~ E/O converter
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2.4. O/E converter

BUE O/E converter HY H BV E RNt R B 5T - A BERNANLSS
FES MRS EROCERE A YRR SE FFE45 Raspberry Pi

O/E converter ‘E AT B B == (V5 —EY1F: - SRILBE 775 (H -
FERERTERR P HAE ] 73T M (BN A s — IR HEE T
Tei o At AEHR AR RN B E R R RS M 5 G5e s - B e —
HJREE - R T IEREEA T A > (] = SR AR R SR IR
Bis - BRTEHA e EER A RS - SR EERVER M SRR
AR A B ES A - FERZ (5 A — At (1Y) - (BEFH
A ER I REACHY (B 70 R i) - F R B T B RS AR D o 2 R
Bf o SR N AT T o (RS -

Lol

[P~ — IR &+ 71 ~ SRR

& -F7SE /AR AV RS ~ layout EEARKE L o LB T /(E -

{8 OJE converter 0053 HIBCAESHEMF AL 508 P -
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HFBR-2528Z R1

s T'M‘—Dvcc
{ ic

08

DATA

VALUE | TOLERANCE J7
R1| 27 Q 5%

C1| 04 pF 20 % R2=100Q

[El+75 ~ B E 2]

O O O &6

@& | O O @O

K
O O O O =y HH
SC) O (9_4@ ‘.0 24 pooay

Lo Y0000 00 O0o

P oo e
G——c—95

&+t ~ Layout =1 [ AN

2.5. Jt&

E/O converter 82 O/E converter . [&l& FH BB SR C I RE - 1E58 5%
E/O converter 82 O/E converter Z{& >~ —TE{EA5 L2 H D CRER H 24 7
A f T O LR R NS TP B DL - Ui N BVITED
FT AR LA SEEEEE i T H ARG EE - A& ISR & — 1R
Jeda A o LU EEBE TSRS -
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F1 Shadowgraph

F2 Schlieren

F3 Polarimetry

F4 Interferometer

F5 Side-view

F6 Top-view

%

Vacuum Ghambey

Top-view

Side-view

Optical Table

F1

Sha%graph

==

Schilieren
Polarimetry

T

F2

‘ F4
Interferometer
F1/2/3

]FL wction genarator

Control Desk

F4/5/6

1 VAN it 12
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2.6. HLFREE
FEFRERER T B LLATA E/O converter £ O/E converter PAEREEESN »
= A LRI HRF O/E converter HYBEERGE{H A Raspberry Pi o DU RS Fi#
e
1 EFTE
® tFLlm T
® LFLHEH
® il
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® Rl
2 B

(1) FRIGREHRIRFIEREY Smm FMZ -

/ /

&L~ 2R 2(2)
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2) ELH?B%? °
W & A /

I
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(3) HIBRLREHRIATL F 1S -

F 4

i 2 PIEKEE S
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(4) PSR F TR -

& = FEK 2(4)

) WERE LAFFFH -

[& —-PU ~ 258 2(5)

(6) S UnEHER 2.1~2.5 » BESER— AL FAR T -

[ A~ ARFRERSE R E
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3. RRIAE

A, BEF—EZET > FHRNZEE E/O converter ¥ Function generator
B. E AV HE RIS -

C. BAMRITFEAERE R -

4. QR&E
[FEIP AR E AL 5E R Z1& B Biikr ok v] DU 18 BE (E F2 SR Eh Pl
A AFEHER T 5 —SRE -

5. Reference

[1]https://capst.ncku.edu.tw/PGS/Student Annual_Report/2020052
0 _Annual ProgressReport %E6%9E %97 %E5%BD%A5%E5%91
%88 Final.pdf
[2]https://www.digikey.com/en/products/detail/HFBR-25282/516-
2066-

ND/1990464?utm_source=findchips&utm medium=aggregator&W
T.z_cid=ref findchips standard&utm_ campaign=buynow
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6. Mfek
b5 —

from datetime import datetime
from fractions import Fraction
import time as sleep

import RPi.GPIO as GPIO

from picamera import PiCamera

GPI10.setmode(GPIO.BOARD)
GPI10.setup(7,GPIO.IN)

t = 1500
tt = t+100
extime = t*1000

iso=1

camera = PiCamera()
camera.resolution = (4056,3040)
camera.rotation = 180
camera.framerate = Fraction(1000,t)
camera.shutter_speed = extime
camera.iso = iso

result = GPIO.input(7)

print(result)
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for i in range(10002): #must > first if value
result = GPIO.input(7)

if i > 10000: #10000 approximate 22 sec
print(‘too long")
break

if result == 1:
print(‘success')
camera.exposure_mode = 'off'

print("Camera ready")

now = datetime.now()

current_time = now.strftime("%y-%m-%d_%H-%M-%S_")

filepath,filename,filetype,ext,ISO,cameraname =
‘'home/pi/Desktop/Soft/,current_time,".bmp’,str(t),str(iso), laser2_’

file = filepath+filename+cameraname+ext+'_'+ISO+filetype

print(1,current_time)

camera.capture(file,format="bmp")
print(camera.exposure_speed)

print(camera.shutter_speed)

camera.close()

now = datetime.now()

current_time = now.strftime("%y.%m.%d-%H:%M:%S")
print(2,current_time)

break

print(i)
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