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= Al Deep learning & Computer Vision 2212|& 7H2

0|0|x] dlA, ZE|O|C|O] IP & ISP(Image Signal Processor) 2112|%
7Het

AtM|CH Sensor(DVS, SLAM S) 212|E TH

=8 A+ £0F: Image Stabilization / WDR / Gamma Correction /

Sensor compensation / Face verification / Noise Reduction /

Demosaicing / Auto Focus / Auto Exposure / Auto White Balance
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[System LSIAREE] Camera S/W 7H%

O Camera RTA (Real-time Algorithm) &&-4 74
-3Aalgorithmss 2852 &84 7Y
- Computervisiondl 7|25t 2HE &2 7HE (Motion estimation, flicker detection, object tracking, etc.)

O Image quality engineer
-24312|E (RTA, ISPHW) deep understanding based 2Fe £4 %! trouble shooting

[J Camera System SW 715
- Android Camera HAL 7HgE
- Linux Device Driver 7H'

- Firmware 7%t
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von Neumann architecture
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AVR OIO|3 B2 HE E 7

* AVROIO[ZAZAHEET
o (modified) Harvard architecture
o 8-bit RISC(Reduced Instruction Set Computer)

= AVR families

Flash size | Freq. (MHz) | Package SRAM EEPROM

tinyAVR | 0.5~32 KB 1.6~20 6~32 pins 32~3072 bytes 64~512 bytes

megaAVR | 4~256 KB 1.6~20 28~100 pins | 256~16384 bytes | 256~4096 bytes

AVR Dx | 16~128 KB 20~24 14~64 pins 4~16 KB 512 bytes
XMEGA | 16~256 KB 32 44~100 pins 1~32 KB 512~2048 bytes
AVR32 NA
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AVR OO|A 2 HEE

AL b

" ATmega1 28 ........... ptnt {-[IIHHIH]?THI; Il L

Features ﬁ FORTF DANERS PORTA DANVERS PORTE DANERS
+ High-performance, Low-power Atme|®AVA®B-bit Microcontroller =
* hdvanced RISC Architecture

— 133 Powerful Instructions — Most Single Clock Cycle Execution

.
H

[H\ThFlEéBTEFl DATA DIRL DAT&.F!EDISTEF! DTA DA DATAFEBISTEF! DhTA[HFl :

— 32 x B General Purpose Working Reglsters + Peripheral Control Reglsters REG mw hes PMT '

— Fully Static Operation E < -BIT DATA BUIS > '

— Up to 16MIPS Throughput at 16MHz
- On-chip 2-cycle Multiplier 1
* High Endurance Non-volatile Memaory segments ]
— 12B8Kbytes of In-System Salf-pr ble Flash program memory AaND——] ADC
- dKbytes EEPROM =
- dKbytes internal SRAM 1
— Write/Erase cycles: 10,000 Flash/100,000 EEPROM '
— Data retentlon: 20 years at 85°C/M00 years at 25°C'" '
- Optional Boot Code Section with Independent Lock Bits H
In-System Programming by On-chip Boot Program i
True Read-While-Write Operation '
— Up to 64Kbytes Optional External Memory Space H
- Programming Lock for Software Security 1
— 5Pl Interface for in-System Programming i
* QToueh® library support H
— Capacitive touch buttons, sliders and wheels '
— QTowch and GMatrix acquisition H
— Up to 64 sense channels i
+ JTAG (IEEE std. 1149.1 Compliant) Intertace ;
— Boundary-scan Capabliities According to the JTAG Standard '
- Extensive On-chip Debug Support :

GENERAL

PURPOSE
REMSTERS

3 INTERRUPT
z U

— Programming of Flash, EEPROM, Fuses and Lock Bits through the JTAG Interface
* Peripheral Features
— Two B-bit Timer/Counters with Separate Prescalers and Compare Modes
— Two Expanded 16-bit Timer/Counters with Separate Prescaler, Compare Mode and Capture

STATUS
REGETER

}E

Moga LISARTH | USART1 | rﬁ'ﬂﬁﬁ?u H
- Real Time Counter with Separate Osclllator L) I 1 — | .
— Two B-bit PWM Channels <: t :
— 6 PWM Channels with Programmabile Resolution from 2 to 16 Bits i
— Output Compare Modulator :

- 8-channel, 10-bit ADC
B Single-ended Channels
7 Differential Channels
2 Differential Channets with Programmable Gain at 1x, 10x, or 200x
Byte-oriented Two-wire Serial Interface

= ST T T

— On-chip Analog Comparator L FE0 - FET Do PLF [

PORTE DRIVERS POATE CAIVERS | PORTD DAIVERS PORATE DAIVERS

5 ! l l ! _L_j
i gg / |m765¢u£srea| I Fgg'r:_g‘gm ] Innrapgﬂgﬁ_mmnl | Rggraﬁg:fn I IFnraﬁEﬁrsTEﬁ Dgn;g;m u n;gagégm
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Proteus & Microchip

Proteus

®_ io - Proteus 8 Professional - Schematic Capture - 0 x
File Edit View Tool Design Graph Debug Library Templaste System Help
DEES A X GE@@EE Bl @ F|+QRUEQ DC | FE EEEE KRS
@ seg BEIR
3t Schematic Capture 3 | #]Source Code X
p ATMEGA128 R1 B2 Rd
G
I |Lep-GREEN Bt B3 B
= |LED-RED
= [res A
-
& U1
| D1 D2 D3 20 ——— 25
@ LED-GREEN LED-GREEN LED-GREEN - RESET Pmmﬂ‘,’ _222
e S5 XTAL PDRXDIANT2 [~
=2 xTAL2 PDSTXDIANTS [—55
=i 3 PD4ICPT |55
V2 25 PAoD0 PDSIXCK1 [~
39 PA1ADY FDBT1 (—>
=] 5] PAzAD2 PD7ITZ |5
o | PruAD3 b
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2] PASIADS PEYTXDOPDO [—5—
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] PBoss PESIOC3CINTS [——
% 5 FBISCK PEGIT3NTG [——
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1] PB3MISo 5
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5 ~5— PBSIOCIA PFI/ADC1 [—Z5+
- FBe0CIB PFIADC2 [—25
r - PB7/0C2/0CIC PFI/ADC3 (—-
i PRAADCATTCK =25
- <2 PCuAS PESIADCSTMS [—22
t 22 PCiiAg PFE/ADCETDO [—5=
%5 Poaa10 PFT/ADCTTDI |22
S5 Poaan @
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Studio

Microchip Studio

[ scespplication’ - Microchip Studi  Advanced Mede | ¥ Quick Launch (Ctr-0) P - DO x

File Edit View VAssist{ ASF  Project Build Debug Tools Window Help

o8-8 0-u |9-C-|BEa|P W Reesse - 2 :
R TR
8 X A d VA Outl
.t -|&PGo | b M Zincludes
=7 <l @ delayintay
* main.c | © maintvoid)
- @ delay(int d)

* Created: 2/24/2024 18:42:24 PM
* Author: DatNgo
/

#include <xc.h>
#include <avr/ic.h>
#include <util/delay.h>
void delay(int d);

Zint main(void)

DORA = @xff;
\;mleu) VA View NLYONCIEY Solution Exp...
//TODO:: Please write your application code
PORTA = @x87;
delay(2608); "
PORTA = 0x00; N s
delay(2008);
H
}
Sveid delay(int d) {
Dutput g
Show output from: - [ =]z
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Output

Ready

13



Proteus & Microchip Studio

= Blinking LEDs

#include <xc.h>
#include <avr/io.h>
#include <util/delay.h>

int main(void) {

DDRA = 0Oxff;

while (1) {
PORTA = 0x07;
_delay ms(2000);
PORTA = 0x00;
_delay ms(2000);

}

//
//
//

//

//
//
//
//

compiler

=3 ZLE (ppra H PORTA AFR)
_delay ms() &3 ARE

PORTA =8 ZE H7F

PAO, PAl, PA2E 12 AH (LED on)
delay 2s

PAQ, PA1l, PA2E 02 MAH (LED off)
delay 2s
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Proteus & Microchip Studio

* Memory-mapped I/O

avr/imol28.h

avr/sfr defs.h ==&

/* Data Direction Register, Port A */
#define DDRA SFR I08(0x1A)

/* Data Register, Port A */
#define PORTA SFR I08(0x1B)

#define SFR IO08(io addr) MMIO BYTE((io addr)+ SFR OFFSET)
#define MMIO BYTE (mem addr) (*(volatile uint8 t*) (mem addr))

#ifndef  SFR OFFSET
if AVR ARCH >=100
define  SFR OFFSET 0x00

#

#

# else

# define  SFR OFFSET 0x20 %
#

#

dif (T e T T Y
en,; | DDRA = 0x1A 22 DDRA = 0x3n |
endl | PORTA = 0x15 52 PORTA = 0x3B I

2024. 03. 07.
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Proteus & Microchip Studio

* Memory-mapped I/O

Register Summary (Continued)

.
DDRA = %% DD = Address Maime BitT Bit& Bit 5 Bitd Bit3 Bit2 Bit1 BitD Page
= o {561 GOFF GOFT GOFE DOFS DOF4 COFS DOF2 GOF1 GOFD B8
PORTA = == PORTA = 50 | Peserves
§3F (857} SAEG i T H 5 v N z c o
$3E (355) PH 515 5P sP13 sP12 w11 sP1D sPs sra 1z
830 (8501 SFL 5F7 s 5P 54 5P &Pz 5F1 sF0 i3
$3€ (8501 XD ¥DIEN NDIVE [ DIV (o] WOz [ ¥DIND, %
538 [858) RAMFZ RAMPZD i3
§3a (554 BicAE 1scT 15cT0 [ \5CED [ [ 15Ca1 15040 50
£33 558) EIMEK INTT TS INTS iMTa INT3 BTz INT1 iNTa 81
38 j5mm EiFR MTET MTES INTFS INTF4 MTE3 INTE WTEY MTED o1
37 (857) TiSK BCIEz TolEz TICIEs BCIE1A aCIEE TOIET BCIED TOIED 108, 138, 158
536 |$56) TIER BoFz Tewz IEE1 BF1A ool o OeFD Tewn 108, 140, 153
3 (555) MCUCR SR SAWID SE s ShD sz WEEL INEE 30, 44, 82
534 ($54) MELKCER 4T JITRE WORE BORE EXTRE FORE 53, 254
£33 (853) TCEAD Foco WM coMat oM WEMD! cEm cEm [ I
& 852 TENTD Timer/ Gounterd (B B 105
518 {£28) POATA POATAT POATAE PORTAS FORT.AL POAT A3 PORTAZ POARTAN PORTAD BE
514 |E34) DDORwA, DODaT DDAE DiDAS LY DDasa D02 DD DDA BE
26 (8400 TGNTIL Timer/Gaunker] - Gounter Asgsser Low Syt 137
S28 |548) OCAR1AH Timer‘Couner! - Outpet Compane Aegisser A High Byss 137
524 (544 CCRIAL Timantouniart - Culput Gompare Fogister A Low Byl 137
£55 54m) ocRIEH Timar/Caunior! - Cuipe Compars Fingicter B High Byt 137
0 54m oeRIEL Timanouniart - Culput Gompare Fogister B Low Byl 137
27 84T ICR1H Timer/Counter] - Input Capture Regisier High Byle 138
526 {545 WGAIL TimerGaunter! - Inpul Capturs Fagisior Low By 138
£35 [§45) TEEHE Foez WEM20 cosel | comm | weMz | cse | csm ] 156
24 (54 TENTZ TimerGounter2 (8 Bit} 158
523 {343 OCH2 Timer/Counter? ODuipul Compase Rogisior 158
22 (542 ocoa ERDSCHRT OCDRS GEoAS aeons R GCoRz GEDRT BCORD 251
=21 [841) WOTCR WOCE WDE WOFzZ WOF1 WOFD 5
20 ($40) SFIOR TEM ACME PUD PEFD PaRazt 72, 109, 144, 227
§1F [52F) EEAFRH EEFROM Adduss Fegister High =
$1E ($3€) EEAAL EEPRCM Address Ragister Low Byle =
10 (5200 E£oR EEPACM Data Fegsior 21
15 (53 EECA EERIE EEMWE EEWE EERE 21
S1A (534) DORA BOAT DDA GOAS DOAS DOA3 Doz BOAT DGAD B
515 {533 [ PIMAT PIMAE PIaAS PIAL Piraz PIAZ Pira1 PINAD B
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Proteus & Microchip Studio

* Memory-mapped I/O

P General Dat
Mrogram CPU Purpose Me;sr EEPROM
emory Registers y
M %
Program bus
Timers Interupt /O Other
Unit Ports Peripherals

2024. 03. 07. 17



Proteus & Microchip Studio

* Memory-mapped I/O

Stack
General | |  p=====m=mm-- -
CPU Purpose
Registers memory-mapped /O

Data bus
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Appendix

= von Neumann architecture

General Memory
CPU Purpose (Program EEPROM
Registers + Data)
E JE System bus ;l; i!; 3
Timers Interupt I/O Other
Unit Ports Peripherals
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