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Ol LAB O A= O|O|X| XE| REIS 28sl= RISC-V TE2Ie|W TENMEE WCsHL|CH ZEMEN = o7
A4 Mol ZEEH, AF 2R E C 2 &gan 8= ofdEa|2 e L C #3471 ofdER REIZ
SESHE WD O Htciol 425 B FL|C

2. O|O|X| Z2NY REEIE

RGB O|O|X| (O & 12 &Z)E Melsta siie o|O|X|e] Jzfo] A7 Y HHES
LEZZ AAMSIHA O] LAB 2 A|ZSLICEH O] Z2EE2 C S RISC-V 0| E
PlatformlO StZ 0N AL =E FLHE|0 o0, otz EC0] o™t RLELICEH

[RVipgaPath]/RVioga/Labs/Lab5/ImageProcessing

A2 BEE sootf] CHERI0) YU

A% 1. RGB O|O|X|F 0] 2#|Y o|O|X|= #HeEt,

Hu

HE 31X U 59 7|

oIr

A. =

0] ZZ 12 main.c, VanGogh_128.c ¥ assemblySubroutines.S o} Z+2 A mMAZ FLHE LICE ¢
orAofl= gt (Of: O|0|X| Hgts +3sH= 2a)Qf M4 Mol (Of: 22 9= char HIZZ MAE Y
o|O|x|)o| =&tE|f UAELICL assemblySubroutines.S It 2 0= O|0|X| & RGB O A 12{0| AH Y2RS5 =
gt OfE2|Z AEE ColourToGrey Pixel O] 28 |0 AELICH

Jdg 2= 8l Z2HMEQ main 7|sS EOFLICH HA 242 O|0|X] HO|HEZ Nx M ¥HS fte=
initColourlmage &5 = &g LICt O CHZ Z2 O|0|X|E 112)0] 2|2 O|0|X|Z (function ColourToGrey)
HetotL|C DX 2o 2 O] e HAIX|E Qs 23t B2 (while (1) ;)0 S0{ZLICH
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initColourImage(ColourImage);

ColourToGrey(ColourImage, GreyImage) ;

uartInit();

reated Grey Image");

gl 2. o|O0|X| H2| =Z2M E 9| majn function

UerdLICk RGB ol 21 e
o2 FHEUCE Keth 23y
50l i 3 HelB ABELIC

:10

0| REE RGBEtE 7+Z2E HOoTLCL COM struct HOlEH R T 0|20 2 X|HE LY K89

H DS ALICE O] 2XEO0|= R G X B2t 0|52 8¢t Y (= gle 24 unsigned char)?l 3

LE7t =5te|0f JAELICE MatA 2 MA X E2 g HER BEAE|E2 ZF MA X EO0 A 256 72| ME CHE
=3

e Y = ASLICHL T2 G E 24 HE (24bpp)0|04, O| A2 SXY CIX|E O|0|X| X2|0f A
&

me oy
[T

Jgjjo] 27| O|O|X|& EHHSH7| 2IdH 00l A 255 AtO|Q] THY gk (THY x{'E)S 2t Dol 87| & LtEFEL|CH
Ol ImageProcessing ZEHME0| M= 2 At A+ HIZ S AFE3SHO 12j0] 27| Y O|0|X| & LtEFRL|CH

GreyImage[N][M];

C. ZEd o|ojX|E 1glo] 27| o|O|X| = HEt

[

271X e S7t (RGB S 20| A Y) Zhe| HE2 ThE 7HEX A E AHESHo A E LIt

=

grey = 0.299*R + 0.587*G + 0.114*B

Of &Hg42 Chaof 238 ¢n2lEs 7|82z gyt

https://www.mathworks.com/help/matlab/ref/rgngray.html
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Zp Tl CHel 2+ MA KjE 2P A0 FO17 ZHESX|E S5H0] 22|0] A Y gHS ALt LT ZkEX| o &
(0.299 + 0.587 + 0.114)2 1 | 2t J1go] AAH Y Zh2 0-255 He| LHoj Y 2E = tHY HIO|ER Hog
= AT
HPAO FOT THEX|E AHESIH T A2 G| Of StX| T SweRV EH1 Z2N M0 £& AF X0
EotE|0] UX| RUELICH Bk 7HA] HZ WA2 AR 7H0|E9| MM 5 H Of EA|E DotProduct Z2 IO MK H
25 aH o 22 0|2 AH8St= A O[X|TH O] LABOME F Ahsg 7|HIC 2 o T2 WS
A BILICE 7HE XK= PR HEtE D A= 29 HE MSYLICH (O] 22 210). 715X & & #HetsteH
2t 825 28 7HEX 0| 210 € S5t 7HY 7R 2 2L L

- 0.299*210=306.176 306  (weight for R)

- 0.587*21°=601.088 =601 (weight for G)

- 0.114*21°=116.736 = 117  (weight for B)
22 [T 30| AAH Y 22 0-255 HRIZ E0[2{H HAE 21022 LH-0{0F BL|Ct O] g LEZRCR
10 HE O|85I0] A &tz & = USLICt W2t £[F Het2 O 342 ARSI &L Ch

grey = (306*R + 601*G + 117*B) >> 10
Ar=0| B (306 + 601 + 117)0] 1024 QI A< Z1} 00| AAH Y 22 ™3| 0-255 HE| LHo| AELICH

2 ColourToGrey 7t @&ESt= ColourToGrey & 5= (81%) R ColourToGrey Pixel ME FEl (LEZ)0

.globl ColourToGrey Pixel
-text
ColourToGrey Pixel

1i x28, 306
mul a@, ad, x28

1i x28,

mul al, al,

1i =28,
int ColourToGrey nt R, int G, int B); mul a2, a2, x

add ag

y(RGB Colour[N][M], g ar Grey[N1[M]I) { 2dd 28

srl a@, a@

ourToGrey_Pi Colour[il[j].R, Colour[il[j].G, Colour[il[j].B);

A8 3. ColourToGrey &+ (LY main.c IM 79 &) % ColourToGrey Pixel ME. FEI (Tt
assemblySubroutines.S | M| 781 E).

22l Ao dE (Hx A e/ ME RENE 7|28 22 ZZH0|H, OHE M= HAIZX| &L O
olgfst 22 HES MY(Z2Y) MNE2 BEsiz{H, .globl OJMEE XAES AHESH LHEL{OF 2hL|Ct.
239 REZOM A HM = (.globl ColourToGrey Pixel)& ColourToGrey Pixel &

WMol CHE It (main.gOll A& ColourToGrey B0 M AHESHES SHLICH 112 39 YZ0|M R BHW &

—~

extern int ColourToGrey Pixel (int R, int G, int B))2 ColourToGrey Pixel
=5 O] mHof Ciot o f a2 Mol ot

[ By By =)

DOI-

D. IZE13 A¥ U A3} Az}
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Jejo] ZE Bigho] 2tEE T T2 HAH0| ELtY| Mo YE H2E] Yo LHES nYE HEY

UAEL|Ct O|E 2I8 GDB CIH{ 2| dump HH S AtERLICE Z2ME I EE H¥Wstn o|0[X] AutE

Yo CtS CHAHE MEMAIR

1. VSCode % PlatformlO & L|C}

2. HEHOF BHAl E0M I/ Y — E4 Z7/2 S &St [RVipgaPathl/RVipga/Labs/Lab5 CIHEE| 2
O| S &LIC}. /mageProcessing CIMEE| & MEASI D (HX| Y0 MEAQH SIH ELICH & MTHO|A =l
S 2SLILE PlatformlO = O|M| ZEXMEE FLICE

3. platformio.ini & €1 board_build.bitstream_file 2| A X2|E X5t H|E Dol CIHEZ| /X|E
UHSILICE 0|2 0 LAB 1 0A THE HIE TS AR THL|CH

board build.bitstream file =
[RVfpgaPath] /RVfpga/Labs/Labl/Projectl/Projectl.runs/impl 1/rvfpganexys.bit

4. src CIAEE| (main.c assemblySubroutines.S)0fl Y= ZE AA OIYS E10 2Nl T2 2F
Al S HesHA ofsfet L Ct.

5. X 0w E|%01|)\‘| PlatformlO Of IE._'-Q 23 O3 Z2ME XY — env: swervolf_nexys —» SEES
H Nexys A7 2 E0j RVfpgaNexys & CH2E2E 2HLICt Verilator 2t
Whisper £ AH83H0] *lgﬂﬂol d §._ BoiM olgjet Z2AMS Y 5 ASLCH

6. PlatformlO O|A T2 MAMTILICL HEO|M (0] 2 HA O CHAOM 5=
RVfpgaNexys & Y ZE8l0F &) & Whisper A[E2|0|Ef (RVfpga A|ZH LI A{Of

a>

SHHZ Nexys A7 Of
FE t=)E AH8sHY

w02

EL|CH O E PlatformlO 2| 21Z0 Qe "MA"HE

223t ot

ojo

T H

>
0
1l
>
bde]
rim

RUN [>

= 250 CIHAE AR

s > 7
F 7159 AME REOM 20| SXEEZ "AHHE

AEBHHAIR.

Al 2 (91 X), Z2a™2 (0| 23t 120 A& O|0|X| gigts =50 0N 7ot RLE

1 O 0O
cawun a8 2 2% 20 50 ws R =5

7)ol
HES LA %XIQ L|Cf.

7. HHI 20N CfS B8S 2A5t0] 20| O|0|X| (GreyImage)E W EHLCH (0] &= B2 4d=S
HoFEE= O824 XI-_JF_)

Ul

cd AdditionalFiles

dump value GreyImage.dat GreyImage
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File Edit Selection View Go Run Terminal Help

P PIODebug v & PIO Hon main.c
~ VARIABLES
Local
» Global . N
) main ( ) ]
> Static

initColourIm

84« watch

uartInit();
printf

++ CALL STACK pauseD oN user REQUEST [

.~ BREAKPOINTS cd Addi

> PERIPHERALS
» REGISTERS dat GreyImage
> MEMORY

> DISASSEMBLY >

@n,i\..1 4> PIO Debug (ImagePracessing) ﬁb v > @ 9 B

8. .dat TS A[2HOM 2 5= A= ppm LHLZ HetetL|Ch

LINUX: HO| 22 €0 Ot FES Y5 Lot (a8 5 FX).
cd [RVfpgaPath]/RVfpga/Labs/Lab5/ImageProcessing/AdditionalFiles

gcc -o dump2ppm dump2ppm.cC

./dump2ppm GreyImage.dat GreyImage.ppm 128 128 1

dchaver@dchaver-PORTEGE-Z30-B: ~/RVFpgaLabs/Programs/Lab5/ImageProcessing/AdditionalFiles

File Edit View Search Terminal Help
dchaver@dchaver-PORTEGE JRVfpgalLabs/Progra Lab5/ImageProcessing/AdditionalFiles
dchaver@dchaver-PORTEGE m a al 1s
dump2ppm.c GreyImage.dat

3 d ] gcc -o dumpZppm dump2ppm.c
dchaver@dchaver-PORTEGE D E / 1 1s
dump2ppm dump2ppm.c GreyImage.dat

dchaver@dchaver-PORTEGE-Z. E g e Additi 1 € ./dump2ppm GreyImage.dat GreyImage.ppm 128 128 1
Reading from dump file:

dchaver@dchaver-PORTEGE

dump2ppm dump2ppm.c GreyImage.da

dchaver@dchaver-PORTEGE /

WINDOWS: Ct& & StLE FdSHM A2,
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1. [RVfpgaPath] \RVfpga\Labs\Lab5\ImageProcessing\AdditionalFiles. o X &=
% THUS ALSLICH BE M2 YD Y B0 0|5 O+ Ut S O

A
o =2 T
At8oto] e oS AL,

dump2ppm.exe &

i

dump2ppm.exe GreyImage.dat GreyImage.ppm 128 128 1

CC

o

rir

2. Cygwin (RVfpga A%t QLA O 2 El T2 EX & 42)S AHESH0 dump2ppm.c Z21ES
ZutgetL ot O3 OfZ Cygwin HO|E E= 92 M 10|t 20| Y oM =233

(dump2ppm.exe)S AetL|Ct,

9. GNU O|OJX| =%t T2 QI GIMP & AtE23I0 ppm LS HL|Ct offT =2 1HO| Ot%] HX[SIX| L2
42 CHS H AO|EE 0|F3t0 dX| Z2O- 3 CHREE shA|e:

https://www.gimp.org/downloads/

q20] 2| O|ojAlE 18 19 QEF0| EAIE At |2
(ES, AFGRHE Y 22 0|0[X|S 17 19 UF 20l

[RVifogaPath]/RVioga/Labs/Lab5/ImageProcessing/AdditionalFiles/VanGogh_128.ppm A VA g

=
F AFLIC).
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HE 1. CHE Y O|OX|oM Z2OME AL CH
[RVifogaPathj/RVifoga/Labs/Lab5/ImageProcessing/src/TheScream_256.c Al M| S &l O|O|X|E AtEE
AL @Y . ppm 00X =

[RVfogaPath]/RVfoga/l abs/Lab5/ImageProcessing/AdditionalFiles/TheScream 256.ppm A & == U&LI|CH
CEoh oM HHSHHE dat2ppm Z2OHWES HASIY O|0|X|E HEE == ASLITH)

AHE 2. VanGogh 12f|0] 27| Y O|O|X|Of| A SIA0| ZH77H2 (> 235) 49 AE M0 7p7H2 (<20) 249 =5
M= C&g+E UELCH LAB 2 2| MM 3 0f YHE CHE Western Digital 2| PSP 3 BSP 2t0|E2{2| & A5
Y 250 &£ HSE oLt

& 3. ColourToGrey Pixel O]l E2| ME REES C &2 WS C &4 ColourToGrey £
|

ColourToGrey_Pixel C &+E 2 &5t= O{d 22

o COAM EE ot MY Birs 7I2H22 HY HEZ YE3A ColourToGrey ME FEI0f A

A
- — —
ColourToGrey, Pixel &+& Ar8" 5= UASLICH

dEa A2 HEO| BMASHT] M= BIZO| AR FATF FOXE 22 ()2 FLE
ALHSHOF BFLICH ANSI C BE0f 2 2 Xt H{E2 & H= M =220 M E LTt et
£ HiEol AR Tt QEM A\ + j)*BE TSt FELICE 07| M2
FYLCh 2t Zd0| X}X|3t= 37t RGB 3 HO|E, 12f0] 27| Y 1 HIO|E

A& 4. VanGogh Z & O|0[X|0ff E2{(Blur) 2E|E HESL|CH (220N H2 YEE XS =+ U2H, O3
AOIEO|M MSEl= HEE AT &= UELILCE https://lodev.org/cgtutor/filtering.html#Find_Edges).

.dat O|0|X|Z .ppm OO|XI2 HEBI2 R 1 747} Ol 3 74 M LS T2HSHES dump2ppn PY ZEE
o7t 78}l 0f FLct.

./dump2ppm FilterColourImage.dat FilterColourImage.ppm 128 128 3

Lot EHEE OOXE

[RVifogal absPathj/RVipogal abs/Programs/Lab5/ImageProcessing/AdditionalFiles/VanGogh_ 128.ppm | M
AFREH £ Q= 9B O|0|X|Q} HlmE £ USL|C}

DY Ny L -
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