Light Intensity (NSL T9M51)

The light intensity sensor is a device that works like a speedometer. That s,
it works by sensing light. But light isn’t straightforward. So, the light intensity
rmeasures light based on a collector’s size. A few examples of
cgllectors are solar phone chargers, landfill solar arrays, etfc.
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The Light Intensity Sensor
Units

Lux is a standardised unit of
measurement of light level
Intfensity, which is commonly
referred to as "llluminance" or
“ilumination”. So what is exactly 1
luxe A measurement of 1 luxis
equal to the illumination of a one
efre square surface that is one

metre away from a single candle.

(1 lumen)
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Working Principle of LDR:

® [t s nothing more than the fact that when light strikes its surface, the
material's conductivity decreases and the electrons in the device's
valence band are stimulated to the conduction band. These incident
light photons must have energy larger than the semiconductor
material's band gap.
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LDR Working Simulation
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More details can be found at link II'I-%SC.I'IDIT.DF‘I-




Resistance VS Lux Ratio

Substrate
¥

» When an LDR is exposed to light, the resistance increases; this
Is known as dark resistance. Conversely, when the resistor is

Thin Strip of
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-—— MMaterial
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exposed to darkness, the resistance decreases. Any device |
that absorbs light will have significantly less resistance. The
light intensity will increase, and the current flow will begin to
increase if a stable voltage is applied. Therefore, the
characteristics between resistance and illumination for a
particular kDR are shown in the diagram below. Since LDRs
are not Jhear devices, the wavelength of the light that strikes
them gauses a change in their sensitivity. Because it depends
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material employed, some types of photocells are not
| sensitive to a particular range of wavelengths. When
light enters a photocell, the resistance changes within 8
illiseconds from 8 1o 12 and takes a few exira seconds to
return to its initial value after the light has been turned off.
herefore, this is referred to as a resistance recovery rate. This
attribute applies to audio compressors.
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Reading sensor data

float read LUX{wvoid)

1
SSAchar buf[1ea] ;
ADC] ->SOR5=08; SSconversion segquence starts at ch@
ADC1 ->CR2|=1; AAbit 8, ADC on/off (l=on, B=ofFf)
ADC] ->CR2 | =8:x:18000080 ; SAstart conversion
int result = ;
fFloat lux = ;
while (! {(ADC1->SR & 23)3{} S Swait for conwersion complete

result=ADCI1->DR; //read conwversion result
if{{result >@)&&(result < 4828) )1
lux = (-13_.427%result) + 5999 _8;

¥
else if{{(result >48080)E&(result < 18388) ){

lux = {(-B8.8761*result) + 1243 _7F;
¥
else if{{(result > 1888) && (result <2808 ){
lux = {(-8.5371%result) + 988.01;
¥
else if ((result >2000)&&(result<4888 ) )1
lux = {(-8.8385%result) + 136;
delay Ms{128) ;
S AADCL - >CR28—~1 ; S/bit ©, ADC onfoff (l—on, B=—off)

return lwux ;




Signal processing

Based on the chosen components and measurements from the table bellow, the voltage range we got starts from 0.18 V to 2.7V, which is
compatible with microcontrollers input channel. Between 1000 lux and 1600 lux we had an estimation that we will get some inaccurate
values as it can seen from the craves there is a gap between tanged line and the curve itself.

So we decide to divide the exponential curve into 4 linear functions which can make the error ratio small as possible.

Measurements table Signal division
LUX Output ADC vref 3.3 400<ADC <1000 ADC <400
Voiage —&—Series] ——Linear (Seriesl)
7 2.7 3351.27 800 —e—Series] ——Linear (Series1)
50 1.8 2234.18
700
80 1.43 1730 500
600 3000
100 1.2 1489.45
500 2500
300 0.9 1117.09 oy
526 0.66 819.2 . y = -0.8761x + 1243.7 2008 y = -13.427x + 5999.8
700 0.5 620.6 o 1500
1000 0.4 372.36 1000
: ' 100
500
1500 0.322 399.67 0
2000 0.2 248.24 400 500 600 700 800 900 1000 °
3000 0.18 223.41 0 100 200 300 400
3500 LUX VS ADC 2000<ADC <4000
L 1000<ADC < 2000
60 —Series] ——Linear (Series1)
2500 5 inear (Series1) 400 —3Series] ——Linear (Seriesl)
é e . 5 . Series|1 S R 300
S y=2611.8e0 y = -0.0385x "
] ......... Expon 20
e D (SeriesT) 100
500 10080 50 7 3 y = -0.3742x + 700.95
o 2000 2500 3000 3500 0

2100 300 700 1100 150,200 2300 2700 3100 3500 1000 1200 1400 1600 1800 2000




Respond frame processing

After a request received from the master, we will read the signal ? fimes and
then calculate the median after that we send the value (median) to respond

void Response frame(int sensor_median_value) {

GPIOA->0DR |= @0x28; // LED on while transmitting control RE/TE

//USART1->CR1 &= ~Bx84; // disable RE pin of USART1

//USART1->CR1 = Bx@8; // re-enable TE pin of USART1
FEFDFDFB FCFDFCDqFEFDFDw char response_frame[7] = {SLAVE_ADDR, 6xB4, @x82, @, @, 8, @};

2 N — char sensor_high_byte = 8;

C— char sensor_low_byte = 8;
unsigned short int calculated_CRC = 8;
char crc_high_byte = @;
char crc_low_byte = 8;
sensor_high byte = (sensor_median_value »> 8) | sensor_high byte;
ﬂ ) sensor_low_byte = sensor_median_value | sensor_low_byte;
;\ J‘ ’ W response_frame[3] = sensor_high_byte;
’,l | y("‘\ o response_frame[4] = sensor_low byte;
\ CAY

| L
W y r,O ;‘.-}t
- y )
K al ﬁ"?,".' ).\, Q: 'DU \ v \\
. ;.} v'e v (“ calculated_CRC = CRC16(response_frame, 5);
\i; crc_high_byte = (calculated CRC >> 8) | crc_high_byte;

crc_low_byte = calculated_CRC | crc_low_byte;

response_frame[6]=crc_high_byte;
response_frame[5]=crc_low_byte;

for (int i =8; i < 7; i++) {

USART1_write(response_frame[i]);

¥
for (int i =8; i < 7; i++) {

USART2_write(response frame[i]);

GPIOA->0DR&=~0x28; // LED off, turn to receiving mode
//USART1->CR1 &= ~@x@8; // disable TE pin of USART1
//USART1->CR1 |= @xe4 ; // re-enable RE pin of USART1



Request and respond frames

Reqg fraome Res frame

©8 RealTerm: Serial Capture Program 2.00.70 - u X WSO 20124, MYSE2TOSF: FriFeb 24 17.53.48 2023
Wl Bz B3 @4 B> B6 BA DD 7 | 5

— A T TR

= Programmer

v B

Display  Part ]Eaplure] Pires I Send ]Echo Porll 12C } 12C-2 ]IEEMlsc} Misc ] m MM ﬂ |
Satug
Baud ‘SEDD ﬂEDIt |13 j Open M |7 _ | Disconnect
_|RxD(2)
Parity Data Bits) ~Stop Bits l_Sogv::;\gogCogl}:nl ’T XD (3
& Mone | @ ghits| | & 1bt " Zhis = e ke T |
f 238 | O 7bke | Hadware Flow Conval ™ Transmit off Char {19 “Ipeo 1)
C Mark " Bbhits | | & Mone = RTS/CTS e — _|DSR (B
" Space | © Sbits|| (" DTR/DSRC R5485ns ‘& e _ | Rina (9
= Telhet _ | BRE&K
_ | Emar
Char Count:16 CPS:0 Port: 13 9600 N1 None
1 byte checksum 13
1 byte checksum 21 CRC-16 OxEDSG
CRo-16 OxCEeBA CRC-16 (Modbus) OxED7 2
CRC-16 (Modbus) 0D DB A CRC-16 (Sick) OXEFOS
CRC-16 (Sick Ozc0-340 1
(Sick) > CRC-CCITT (XModem) OxOBAS
CRC-CCITT (>XModemm) DxD90OC
- - CRC-CCITT (OxFFFF) Ox8AAT
CRC-CCITT (OxFFFF) OxxDF1LC : .
CRC-CCITT (O0x1DOF) OxES322 (Sl E= SISl [[EEETELED LB 280
CRC-CCITT (Kermit) 0xS14F CRC-CCITT (Kermit) Ox72B2
CRC-DMP OxF549 CRC-DMNP OxB2E4
CRIC-32 Ox81FG6G7 724 CRC-322 OxZ21FAA4G9D
010203040506 | [ calculate CRC | 01040219ED | [ Calculate CRC |

Input type:: 2 ASCII Input type:: O ASCIT




Drawing of a circuit diagram for
electronics:

Schematic design PCB design (Top layer)




Visualize the data on cloud.

Using docker to run database where we can store the data from the
master,

Python code to push data
Lightint DataBase to the database

Gl nano 6.2 pushdata .c &

db=# select * from Lightint;
data |

A" {\ Inputh{\"Lightdnt\":{\"data\":%s, \"date\" e} I }* Input_data, Input_date)

“eurl_vasy. perforn() failed: strerror(res))

1(headers)

(21 rows)

db=+#




Light intensity during 24 hours in closed
environment




MODBUS RTU DEVELOPMENT

= | will not go through ModBus frame development In this presentation, but
for more details you can find the source code of the whole project on git
hub.




ADVANTAGES:
Sensitivity is High

Simple & Small devices
Easily used

Inexpensive

There is no union potential.

The light-dark resistance raftio is
high.

Its connection is simple

DISADVANTAGES:

The spectral response is limited.

The best materials have limited
temperature stability due to the
hysteresis effect.

lts chemical reaction in stable materials.

LDR Sensor is only used in situations when
the light signal fluctuates dramatically.

It is not a particularly responsive tool.

As soon as the operating temperature
changes, it gives the wrong results.



Applictations

« Smoke Detector Alarm, Automatic Lighting Clock
- Design of optical circuits
* Proximity switch for photos

« Security measures utilising lasers

- Solar sireet lighting
« Light metres for cameras
« Radio clocks

« Can be used in dynamic compressors; some compressors adjust the signal
gain by connecting LDR and LED to the signal source.
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