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The Design of Image Overlay and VGA Display Based on FPGA

CHEN Quan,ZHU Wei-hua* ,CAO Liang, CHEN Zhi-yong
(School of Electrical Engineering, University of South China,Hengyang,Hunan 421001, China)

Abstract:In order to achieve the semi-transparent overlay of two images and VGA real-
time display , according to the principle of image overlay and the principle of VGA display,
Altera’s chip Cyclone[VEP4CE15F17C8 is used as the control core.The image overlay Al-
pha algorithm is achieved by VerilogHDL language. And the shift operation is adopted to
solve the problem of FPGA processing floating point. And the transparency of the image is
controlled by external buttons. The image overlay VGA display is realized by FPGA
control ,which has advantages such as smaller size,low cost, fast speed and more reliable
stability. The Modelsim simulation results and the actual display results verify the
correctness and feasibility of the design.
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P AR & I AR 2 24 115 72 57 %% 78 (on
screen display , OSD) 4% A 1 —~ 5 235 43 A0 4]
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AR 53— SRR 55 0T, s i i 5
S5 EUR IR G SR 2 A 8 E R s,
HEBR AL A TTRAR R, AR S fin i 552
FORTER RPN MER FEHEE S, EUE R A
FR5E S (BRAEAT BIALE) FIEERAR 5 il i (4%
BRBBIEEIRIR R 1 E ) O
1.2 &BmMEE

Alpha EIIREFIEARTEZA T ="

imgl.(x,y)=alphal (x,y) * imgM(x,y) +(1-
alphal (x,y) * alpha2(x,y) * imgN(x,y) (1)

imgl.(x,y) = imgM (x,y) - imgM (x,y)/

alpha(x,y) + imgN(x,y)/alpha(x,y) (2)
imgl.(x,y) = alpha(x,y) * imgM (x,y)+(1-
alpha(x,y) *imgN(x,y)) (3)

A1) (2).(3) 1, imgL(x,y) NIEBE)G )
RIS imgM (x,y) ,imgN (x,y) MRS AR 43 HF
RIYPIFEE , alphal (x,y) BT 5% A, alpha2 (x,
y) KT B HIE , alpha(x,y) B EE(E. = Mo
AR LS B UG 1 2, R A5 (3) 5
AP E MBS A(3) ] alpha(x,y) 2K
imgM 132 I B 240, BUETE 0 3] 1 Z[H]. Alpha(x,
y) B0 FoR EMR imgM 5E 4235 W B H 8 OR E 1%

imgN , alpha(x,y) HU 1 /R EMG imgM 78 2 A5
B R E5 imgM. AR alpha(x,y) {E AT LITS 2
VRS P AN [ s FT B %) 2 TR
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2.1 REGEEHLEN

K H Altera 23 7] Cyclone IV EP4CE15F17C8
PED 42 0 08 e, R JH L # EE  1 A \ Y
GM7123 BRI . R GEH FPGA A ik
SR SRR R AR EUR T T AL R S
A I AN R AR alpha ({5 H 2 1 9 R 10142 1)
1 B, 5e 2 /R TE VGA (video graphics array,
PUATEIE FES1) ) s i b B RS AL 4G T
He, led_display FEHE led_driver fEHE systime_ctrl _
pll i alpha_key #H  alpha_adj £, WA 1
JIi7R ded _display A58k ; 5 1 A iK - S5 1B A
HE R AR UG X EAE AT RS AR, S R 1]
15135 W B 0 led _driver BIHL: S 1 280%1 024
@60 Hz 73 HF%E T VGA K3 /K. systime_ctrl_pll
il . FFH FPGA 1) 1P (intellectual property, K13}
FERL) B A T T B B B 2 alpha_key 55 BRI
alpha_adj B3, SCELH| AP R85 i 45 il alpha 19
(L, S A0 1P PRI A ) a5 B

Icd| hs
FPGA led_xpos[10:0] ol _—»VS
14d_ypos[10:0] 14 driver 1ed_HIck
systime_ctrl_pll a led_1fgb[23:0]
led|en
_CaLen
lc]k lrst_n
Tlcdfdata[23 :q]
key| data[1:0]
. led_display
alpha_key —= alpha_adj —»

B1 REEHIEER

Fig.1 Structure of system hardware
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VGA R 15 NMEOFES, KT 1
NS AN FEEFES R 3 MOBL (LA5HE)
BEOGFS M1 AMTREES AR SHE
ST SE VGA TE R H S R S TR AR —
HEp AR T, 45 1 7= AR ME R A HSYNC 17 [/ 215
SR VSYNC B[R A5 5 AT W iH G 5 . R
THY VGA 43PN 1280x1024@ 60 Hz By
WA VGA Tl bR, 3% (V_TOTAL) 14 1 066
AT, G R B (V_SYNC) 3 17, i KRG
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JA (V_BACK) 38 17,37 /R I (V_DISP) 1 024
T, %W FATRTE (V_FRONT) 1 47; 847 (H_
TOTAL) $34ifi 1 688 MR Z , AL 4547 [A] 25 I 1 (H_
SYNC) 112 M& %, 17iH k)5 /8 (H_BACK) 248
MEZE AT R (H_DISP) 1 280 M™MEZE 1714
FEHTH (H_FRONT) 48 ™ME &, 4nl&l 2 fis. K itk
T ELBR R BT BIIR R 1066 *+ 1688 + 60 Hz 45T
108 MHez.

V_BACK(H_BACK)
DATA

YV FRONT(H_FRONT
V_DISP(H_DISP) — H )

VSYNCHSYNC)

V_TOTAL(H_TOTAL) _|

B2 VGA AfKE
Fig.2 VGA scan sequence

2.3 BEBREMAESEH

H 8 v — it il B R alpha , Red | Green pail
Blue , H:A" Red . Green #l Blue 73 MR/ 21 44 5 =
J 4 B 2 A A alpha 78 fE 3R 7R 60,19 375 W) A
A ENTHIEE LAE 0 3] 256 Z [H]. 3% W] 1 L1 il
2 1Y N YRR I, A ] LU R AL 454 5
BUREE Bk B WY LU 256 2o 9%, HHE
AR (3) , M mEE RS IR AT

R(L) = alpha * R (M) + (256 —alpha) *

R(N)>>8; (4)
G(L) = alpha * G (M) + (256 —alpha) *
G(N)>>8; (5)
B(L) = alpha * B (M) + (256 -alpha) *
B(N)>>8; (6)

2~ (4) .(5) .(6)F,R(L) .G(L) .B(L) 7
HlFEEMEL L A9 RGB 43 i A fE, R(M) .G(M) |
B(M) 435145 El{%& M 19 RGB 43 J5 (A B, R(N) |
G(N) .B(N) 7145 EIf& N () RGB 73 it 5 (A fH
5y Al alpha fEEC O FR BB M 58 4 W, X 256
M RER M 522 RBE .

K14 i VerilogHDL AZCLAS A0 .
always@ (posedge clk or negedge rst_n)
begin

if(! rst_n)
begin
led_datal <= 24°h0;
led_data2 <= 24°h0;

end

else
begin
//VGA_Horizontal _Color
led_datal <=(led_ypos >= 0 &&
led_ypos < ("V_DISP/8) #1)? RED:
(led_ypos >= ('V_DISP/8) * 1 &&
led_ypos < ("V_DISP/8) *2)? GREEN;
(led_ypos >= ("V_DISP/8) *2 &&
led_ypos < (V_DISP/8) #3)? BLUE:
(led_ypos >= ("V_DISP/8) *3 &&
led_ypos < ('V_DISP/8) #4)7 WHITE:
(led_ypos >= ('V_DISP/8) *4 &&
led_ypos < (‘'V_DISP/8) *5) 9 BLACK;
(led_ypos >= ('V_DISP/8) *5 &&
led_ypos < (‘V_DISP/8) *6)? ‘YELLOW .
(led_ypos>= ('V_DISP/8) *6 &&
led_ypos<('V_DISP/8) #7)? CYAN:ROYAL;
//VGA_Vertical_Color
led_data2 <= (led_xpos >= 0 &&
led_xpos < (‘H_DISP/8) *1)? RED:
(led_xpos >= (H_DISP/8) * 1 &&
led_xpos < (H_DISP/8) #2)7 GREEN
(led_xpos >= (H_DISP/8) *2 &&
led_xpos < (‘H_DISP/8) *3)7 BLUE
(led_xpos >= (‘H_DISP/8) *3 &&
led_xpos < (‘H_DISP/8) *4)? WHITE .
(led_xpos >= (H_DISP/8) *4 &&
led_xpos < (H_DISP/8) #5)7 BLACK ;
(led_xpos >= (H_DISP/8) *5 &&
led_xpos < (H_DISP/8) *6)7 YELLOW ;
(led_xpos>=(H_DISP/8) * 6 &&
led_xpos<(CH_DISP/8) #7)7 CYAN:ROYAL;
end
end
wire[ 23:0 ] red _data = ( (9°d256 —alpha) * led _
datal[23:16 ] +alpha * lcd_data2[23:16])>> 8;
wire[ 23: 0] gre _data = ((9°d256 —alpha) * led _
datal[ 15.8 ] +alpha * lcd_data2[15:8])>> 8;
wire[ 23:0 ] blu_data = ( (9°d256 —alpha) * lcd _
datal[ 7.0] +alpha * lcd_data2[7:0])>> 8;
assign led_data= {red_data[ 7:0] , gre_data[ 7
0],blu_data[ 7:0]} ;
RS T e B FPGA PR = A e [
1% led_datal A/KEESES , led_ypos 43k 8
o | I 1| T EA N AN TN I
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3 SLIG AR

3.1 FE&R

¥ alpha FYMEE Jy 160, 1 Modelsim 44

WA L, 5 FLAE S P 3. A BL48 T DLAS 3]
led_data F1 led_datal \led_data2 f{E , DI BRI ZE {3
B BT, BB led _data = 99fff, led _datal =
0000ff, led _data2 = fEFEF, 8 358 A 3R 1R A 3336 red _
data= | (256-160) * 00+160 = ff} /256, Z3:f &
AR5 55 F of (T xakdfil, MR, R34S
gre_data % T 9f blu_data 55T ff, 21 & &Kt 2
OfOfff, 5477 L 1 K led_data HH it 45 5 — 5, al 401
WA ER.

Msgs | |
o dk 1
~ st 1
< led_ddk Sto
~ led_hs St1 LT
o led_vs St1
 kd_en Sti i
13~ led_xpos 256 . .
14}~ led_ypos 132 | 000
14/~ led_red of } 1GF 69 1
(+)~ lcd_green of X o | Jpo_| CH I 1)
1+~ led_blue ff & I 00
1) kd_data ofofff i Joooost_Jortsr |_Jern 00SFF 0000
[+)~ led_datal 0000ff I | [F0000
[+ led_data2 Fiiiiia [FfFro0 0f Wiliiid ff0000
|+ red_data 00009 100009 000000 J0000FF
1+) ¥ gre_data 00009f 0009 00400 005F __|000000
[+}~ blu_data 0000ff 00GfF 000000
N3O Now  (3426721700000ps | * ' * " 234500000005 " 235000000005 ' 23520000000ps
259 Cursor 1 || 23467789136 ps
3 alpha=160 Ft Modelsim {7 E £ 3R
Fig.3 The Modelsim simulation results when alpha=160
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alpha=0

4 VGA BTRHRE
Figd.VGA display effect
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