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1. ¥id

Mg FH E R AR N32H7xx RV, A XA T N32H7xx R4 dEH 28 (MCU) f#) 2.5D GPU (f&ifkl
NSGPU) #ME 2| LVGL 751, HTHSH P EE S H GPU 7 :ig1T LVGL.
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2. LVGL #iE1555

LVGL BRANEER )5 isAT, #HESCN GPU Jr sUSEHLEIE ITE S . Bl ioa s, HEORTT &

BITATHE . LVGL BTSN 4% NSGPU # A\ LVGL H, %L EIELE, 4 GPU 51217 LVGL.
EFH LVGL WA N V9.3.0, HAthiRATT e H I API AN 2545 n] i,

2.1, IS4

2.1.1. LVGL H*

W EHR, {E Ivglisrcidraw B 36 R nsgpu SCAFJe, HAEE T nsgpu 5 LVGL AH IS AR 452
FE A

|1|fg| » src » draw lwgl » src » draw * nsgpu

s

o~ EF
i
c| lv_draw_nsgpu
dmaz2d €| lv_draw_nsgpu
i c| lv_draw_nsgpu_arc
nema_g €| lv_draw_nsgpu_border
nsgpu | lv_draw_nsgpu_fill
nxp ¢ lv_draw_nsgpu_image
| c| lv_draw_nsgpu_label
opengles ¢ lv_draw_nsgpu_layer
renesas | lv_draw_nsgpu_line
=dl €| lv_draw_nsgpu_mask_rectangle
| lv_draw_nsgpu_triangle
5w ¢ lv_draw_nsgpu_utils
ug_“te c| lv_draw _nsgpu_utils
2.1.2. GPU ¥z}

7f middlewares/gpu H 3% I tes X%, 8 GPU MLk .

tes

14}

ﬁ__i

user

kernel

2.1.3. LIB ¢

7F middlewares/gpu H 5 NI lib SCfEJE, B8 GPU AHC AP H35 .
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liko

[k

b=

£ nsgpu
[ | nsgpu.lib

22. IMANTLRE

TREMERW TR, T 0N LR nsgpu. tes. lib SCA:Je () So A LVGL AH &1 S

=y LVGL

[ Startup

I Drivers/n32h76x_78x_std_periph_driver
sl Middlewares/TES/Kernel

s Middlewares/TES/User

{3 NSGPU

sd MNSGPU Lib

s#d Middlewares/hgl/src/draw/nsgpu

id Middlewares/lvgl/examples/porting
[ Middlewares/hvgl/src/init
3 Middlewares/lvgl/src/core
L Middlewares/hvgl/src/display
L Middlewares/tgl/sre/draw
3 Middlewares/lvgl/src/driver
L Middlewares/hgl/src/font
L Middlewares/tgl/src/indev
1 Middlewares/hvgl/src/layouts
[ Middlewares/hvgl/src/libs
3 Middlewares/hgl/src/misc
L Middlewares/hvgl/src/osal
3 Middlewares/hvgl/src/others
3 Middlewares/hvgl/src/stdlib
L Middlewares/hgl/src/themes
L Middlewares/hgl/src/tick
[ Middlewares/hvgl/src/widgets

23. BEBE

% \middlewares \aputtes kemelting
G middlewares gputtesikemel s
Avmiddlewares gputesuserting
A \middlewares \gputestuserisrc
A \middlewares agpuib

% \middlewares Yvglhsrc\drawnsgpu

FETH AR M TSR (A main.e) Hin Sk S F#include "nsgpu.h™.
2.4, fRIEERD

2.4.1. lvgl/src/init.c

(1) FEZCAF RIS
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71 [{#if LV_USE_DRAW NSGPU
n "../draw/nsgpu/lv_draw_nsgpu.

n"

if LV_USE_DRAW_DMAZD

(2) void Iv_init(void) F A 4G R £L Iv_draw_nsgpu_init()

236 L]#if LV
237 1x
238 | # if
2358 -
240
241
242 1v
L
244 ¥
L
246 [L]#if LV_USE_DRAW_G2D
247 1v_d g2d_init();
248 3
i B
250 [J#if LV_USE_DRAW DAVE2D

251 1x 2d_init();
252 | 3
) -
254 []#if LV_USE_DRAW_SDL
R 1 1 init(};
256
25 -
258 [{#if LV_USE_DRAW NSGPU

259 lv_draw_nsgpu_init():
260 (|#endif

261
262 [L]#if LV USE
263 1v dra
264 3 i
265
266 [J#if LV_USE_DRAW OPENGLES
267 1x

268

#if LV USE_PXP
RAW_PXP

DRAW DMAZD

dma2d init():

DREW_VG LITE
g_lite

477 it LV_USE_DERW_N3GFU
478 lv_draw nsgpu_deinit();:

USE_DRAW_DMA2D
w_dmazd deinit();

www.nsingtech.com
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2.4.2. lvgl/src/lv_conf _internal.h

BN LV_USE_DRAW _NSGPU %€ Y-

www.nsingtech.com

E F #ifndsf LV USE_DRAW
965 [ CONFIG L
966
987
968
969
970 H#endif
971 [{#if LV _USE_DRAW_NSGPU
972 % #ifndef LV_GPU_NATIONS_CM:
973 CONFIG_ LWV U_NATT
974
975
976
977
978 #endif
979 |(|#=ndif

980
981

Accelerate blends, fills, etc.
#ifndef LV_USE_DRAW_DMR2D
CONFIC

990 % #1f LV_USE DRAI

2.4.3. lvgl/lv_conf.h

with STM32 DMA2D */

(1) fEZ M Fn N % E X LV_USE_DRAW _NSGPU Bt & A 1% % & X =k e 4, 9] fn #tinclude

<user_config.h>, 735 XUTR:
#define  LV_USE_DRAW_NSGPU 1

(2)fdi il NSGPU i, LV_USE_DRAW_SW 7 & A 0, RISEHER A 4477 2%, 20 GPU 5 iz 47 LVGL.
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172

173
174
175
176
177

178
178
180
181
182
183
184
185
186
187
188
188
180
191
182
183
194
185

196

187 4

188
185
200

(3) ¥ LV_GPU_NATIONS_CMSIS_INCLUDE

A

354
EE
356
357
358
358
360
361
382
363
364
365
366
367
368
369
370
371
372
373
Jirs

(4) WSRARRS AN A7 25 () ANIG , AT LA ROk P P20 D g

if LV _USE_DRAW NSGPU
#define LV_USE_DRAW _SW 0
#else

USE_DRAW_SW
#endif

M

X

www.nsingtech.com

/*Use Nations's GPU*/
$if LV_USE_DRAW_NSGPU

/*Must be defined to include path of CMSIS header of target processor*/
#define LV_GPU_NATICNS_CMSIS_INCLUDE

#endif

/** Beccelerate blends, fills, etc. with STM32

#define LV _USE_DRAW_DMA2D 0

#if LV _USE_DRAW_DMA2D

LV_DRAW_DMA2D HAL

LV_USE_DRAW_DMAZD_T

#endif

/*% Draw using cached OpenGLES textures */

#define LV_USE_DRAW_OPENGLES 0

745
746
747
748
749
750
751
152
753
754
155
756
757
758
759

#define

#define

#define

#define

#define

#define

#define

#define

LV_USE_CANVAS
LV_USE CHART
LV_USE_CHECKBOX
LV_USE_DROPDOWN
LV_USE_IMAGE
LV_USE_IMAGEBUTTON
LV_USE_KEYBOARD

LV_USE_LABEL

760 £]#if LV USE_LABFL

761
762
763
764
765
766
767
768
763
770
771
772
773
774
775
776
777
778
179
780
781
782
783
784

#endif
7*dEf;iE
#define
#define
#define
#define
#define
#define
#define

#define

#define

LV_USE_LED
LV_USE_LINE
LV _USE_LIST
LV_USE_LOTTIE
LV_USE_MENU
LV_USE_MSGBOX
LV_USE_ROLLER
LV_USE_SCALE
LV_USE_SLIDER

LV_USE_SEAN

1

1

1

1

1

1

1

#define LV_LABEL TEXT_SELI
#define LV_LABEL LONG_TXT
#define LV_LABEL WAIT_CHAI

FESL LB 0)
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2.4.4. lvgl/examples/porting/lv_port_disp_template.c

(1> void Iv_port_disp_init(void)i&t % LVGL Z2A7 SCRF B GEAF 73 BllHT « XUGZAF I 3 - XUG A+ %8 B Il B
=R, R AR L R B S A AR, B B AR U S A N B U T 1/10 BRI
PLI AT A 2O 1, 40 R KE LVGL FWEA7- buf_2_1[]1F1 buf_2_2[]45 % % sdram_area %[
static uint8_t buf 2_1[MY_DISP_HOR_RES *48 * BYTE_PER_PIXEL] __attribute__((section(""sdram_area")));
static uint8_t buf 2 2[MY_DISP_HOR_RES * 48 * BYTE_PER_PIXEL] __attribute__((section("sdram_area")));
Iv_display_set_buffers(disp, buf_2_1, buf_2_2, sizeof(buf_2_1), LV_DISPLAY_RENDER_MODE_PARTIAL);
sdram_area 7 [A) /2 7E 70 BB SO (sct) g U, BAARE B 75 505 &6 70 SO 8O 9SS0 .
RW_IRAM1 0xC0000000 0x00600000 {
ANY (sdram_area)

}
(2)  static void disp_init(void) il A\ LCD #1464k b5 %1
#n: LCDC_Displmage((u32)0xC0000000);
(3)  static void disp_flush(lv_display_t * disp_drv, const Iv_area_t * area, uint8_t * px_map) I\ Fill #7 p& £

1101 800 x 480 7y HERHIBE, A AR WE 7 2, RIHTEEAF KNy 800 x 48, #3X RGB565, FfiZ
TNEEAT I HE i HE 2y 0xC0000000. Ji i nsgpu 4% DA S0 T
static void disp_flush(lv_display_t * disp_drv, const Iv_area_t * area, uint8_t * px_map){
if(disp_flush_enabled) {
Iv_coord_t width = Iv_area_get_width(area);
Iv_coord_t height = Iv_area_get_height(area);

nsgpu_data_copy((u32 *)0xC0000000, 800, 480, area->x1, area->y1, (U32 *)px_map, width, height, width, 2);
}
Iv_display_flush_ready(disp_drv);

2.4.5. lvgl/examples/porting/lv_port_indev_template.c

AR TR B AT BE, RS EAE S LVGL 2R HEREL, SH2EI T
&) static void touchpad_init(void)

static void touchpad_init(void)
{
tp_dev.init();
}

(2 static bool touchpad_is_pressed(void)

static bool touchpad_is_pressed(void)

{
tp_dev.scan(0);

if (tp_dev.sta & TP_PRES_DOWN)

EREARBHERAT NSING TECHNOLOGIES INC.
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{
return true;
}
return false;
}

(3) static void touchpad_get_xy(int32_t * X, int32_t * y)

static void touchpad_get_xy(int32_t * x, int32_t *y)

{
(*x) = tp_dev.x[0];
(*y) = tp_dev.y[0];

2.5. Wi A

2.5.1. LVGL OBk

www.nsingtech.com

IS SysTick B 5E I 2% 1ms & #AE ] — X Iv_tick_inc(1), % T A LVGL 1E % TAE R0 55 (s 0o Bk o

2.5.2. LCD Hibhr

MRYENF T2, AT LCD AR I, 5 0 i 3 252 BV A ER i
(1) EV W sCHRFRAT R 52 a7 A= i, AP ] RAAE AP IS fl— S ] SR 52 FH AR B

void LCD_EV_IRQ_Configuration(void)

{
NVIC_InitType NVIC_InitStructure;
NVIC_InitStructure.NVIC_IRQChannel
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority
NVIC_InitStructure.NVIC_IRQChannelSubPriority
NVIC_InitStructure.NVIC_IRQChannelCmd
NVIC_Init(&NVIC_InitStructure);

}

1

void LCD_EV_IRQHandler(void)

{
__LCDC_CLEAR_FLAG(&LCDC_Handler, LCDC_FLAG_LI);

}

(2) ER W2 78 K AR AP ET RIS 77 A T
void LCD_ER_IRQ_Configuration(void)

{
NVIC_InitType NVIC_InitStructure;

NVIC_InitStructure.NVIC_IRQChannel

=LCD_EV_IRQn;

= LCD_ER_IRQn;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0x00;

EREARBHERAT NSING TECHNOLOGIES INC.
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NVIC_InitStructure.NVIC_IRQChannelSubPriority =0x01;
NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;

NVIC_Init(&NVIC_InitStructure);

}
1

void LCD_ER_IRQHandler(void)

{

www.nsingtech.com

__LCDC_CLEAR_FLAG(&LCDC_Handler, LCDC_IT_BE|LCDC_IT_RFE|LCDC_IT_FU);

2.5.3. ¥z o i
WA R A TR, LR A Ry s, ST AE R, TR AL R . B

Bl

(1) WG i (- ARAE il a4k 52 i s I AD

static void touch_isr_enable(void)

{

}

EXTI_InitType EXTI_InitStructure;
NVIC_InitType NVIC_InitStructure;

RCC_EnableAHB5PeriphCIk2(RCC_AHB5_PERIPHEN_M7_GPIOI, ENABLE);

GPIO_ConfigEXTILine(EXTI_LINE5, EXTI_GPIOI_Pin_5);

EXTI_InitStructure.EXTI_Line = EXTI_LINES5;
EXTI_InitStructure.EXTI_Mode = EXTI_Mode_Interrupt;
EXTI_InitStructure.EXTI_Trigger = EXTI_Trigger_Falling;
EXTI_InitStructure.EXTI_LineCmd = ENABLE;
EXTI_InitPeripheral(&EXTI_InitStructure);

NVIC _InitStructure.NVIC_IRQChannel
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority
NVIC_InitStructure.NVIC_IRQChannelSubPriority
NVIC_InitStructure.NVIC_IRQChannelCmd
NVIC_Init(&NVIC_InitStructure);

(2) 4 22 R 2
void EXTI15_10_IRQHandler(void)

{

if (EXTI_GetITStatus(EXTI_LINES) = RESET)

{
tp_dev.scan(0);

EXTI_CIrITPendBit(EXTI_LINES5);

10

= EXTI9_5_IRQn;

= 0x0;
= 0x0;

= ENABLE;
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2.5.4. GPU ik

GPU E':‘H‘ﬁﬁfigl%&aﬁ GPU Elziﬂqjiﬂln {B‘grfﬁ GPU IEF,%L'I’VE, Eﬂ?ﬁﬂﬂﬂ GPU %ﬂﬁﬁﬂ,@iﬁgaﬁ‘Zﬁﬁ,
i ZLAE main B0 GPU ) PWR. RCC. NVIC #ATHCE

2.6. main FiEH
2.6.1. EAH4IIEL

RGBT T ESEAE main BN SRR R IEAT A 4R1E, B4 PWR. RCC. GPIO. NVIC %5,
W A B, FEEH s LT SDRAM ZE ], IR EEAERE N main sR#2 /i, ¥14E1k PWR. RCC.
GPIO. SDRAM %%, #il{F system n32h76x_78x.c # void SystemlInit(void) L &5 17 &% /7 S\ 46 1k «

671 [J#ifdef CORE_CM7
672
673 nfigure the Vector Table location add offset address ————————————————— =/

674 VECT_TAB_SREM

675 =

676 | #e=

677 >VICOR = FLASH BANK1 BASE | VECT_TAB OFFSET; f* Vector Table Relocation in Internal FLASH *,
678 | Fen

679 -

680 f*defaule TCM_SIZE=0x3f,All TCMSRAM are AXI_SRAM,if you want to use ITCM/DICM, define INIT_TCM SIZE*/
681 (]#ifdef INIT_TCM SIZE

632 ConfigTemSize (TCM SIZE_VALUE) ;

nange the way of power supply */
upply (PWR_SUPPLY_ SELECTION) ;

Prelnitialize(void) e £ & FL 1 FH 1172 & SUR R B0 S AR an T (7 45 6 SEBR S F 1A % LCDC & 2= I SR 45D

#define DBG_CPU_DELAY_INTI()  do{ DEM_CR |=DEM_CR_TRCENA; \
DWT_CYCCNT = 0U; \

DWT _CR |= DWT_CR_CYCCNTENA; \
Jwhile(0)

#define DBG_CPU_DELAY_DISABLE() do{ \

DEM_CR &= (uint32_t)(~(uint32_t)DEM_CR_TRCENA);
Jwhile(0)

#define _ DBG_RCC_DELAY_US(usec)  do{ uint32_t delay_end; \
DBG_CPU_DELAY_INTI(); \
delay end=DWT_CYCCNT + (usec * (600000000/1000000)); \
while(DWT_CYCCNT < delay_end){}; \
DBG_CPU_DELAY_DISABLE(); \

Jwhile(0)
void RCC_ConfigLCDPixelClkTemp(uint32_t CLK_source, uint32_t CLK_divider)
{
uint32_t reg_value;

uint32_t reg_valuel,;

reg_value = RCC->AXISEL1;
reg_value &= RCC_LCDPIXELCLK_SRC_MASK;
reg_value |= CLK_source;
11
EREARBBHRAT NSING TECHNOLOGIES INC.

Huhik: ERYNTT R L X S db X 5 3R 10945 [F [ AR K JE
1% +86-755-86309900 1L H . +86-755-86169100
M4k https://iwww.nsingtech.com Hili4i: 518057



a)y

V%) EIREAK

www.nsingtech.com

RCC->AXISEL1 =reg_value;

if(CLK_source == RCC_LCDPIXELCLK_SRC_AXIDIV)

{
reg_valuel = RCC->AXIDIV1;
reg_valuel & RCC_LCDPIXELCLK_AXIDIV_MASK;
reg_valuel |= CLK_divider;
RCC->AXIDIV1 =reg_valuel;
}

}
1

void RCC_ConfigPLL2BDividerTemp(uint32_t CLK_divider)

{
uint32_treg_value =0;
reg_value = RCC->PLL2DIV;
reg_value &= RCC_PLLB_DIV_MASK;
reg_value = CLK _divider;
RCC->PLL2DIV =reg_value;

}

1
void Prelnitialize(void)

{

uint32_t temp_valuel,temp_value2;

//PWR for LCDC and GPU

PWR->IPMEMCTRL &= (~GRAPHIC_LCDC_PWRCTRL);

PWR->IPMEMCTRL &= (~GRAPHIC_GPU_PWRCTRL);

PWR->SYSCTRL3 |= (PWR_SYSCTRL3_GRC_PSWACK1<< GRAPHIC_Domain);

PWR->SYSCTRL3 |= (PWR_SYSCTRL3_GRC_PWREN<< GRAPHIC_Domain);

while((PWR->SYSCTRL3&(PWR_SYSCTRL3_GRC_PWRRDY<<GRAPHIC_Domain))!=
(PWR_SYSCTRL3_GRC_PWRRDY<< GRAPHIC_Domain));

PWR->SYSCTRL3 |= (PWR_SYSCTRL3_GRC_FUCEN<< GRAPHIC_Domain);

PWR->SYSCTRL3 |= (PWR_SYSCTRL3_GRC_ISNEN<< GRAPHIC_Domain);

/IConfigure RCC

RCC->SYSBUSDIV1=0x01001100;

__DBG_RCC_DELAY_US(1);

/IAPB1=APB2=APB5=APB6=150MB
RCC_ConfigAPBclkDivider(RCC_APB1CLK_DIV2,RCC_APB2CLK_DIV2,RCC_APB5CLK_DIV2,RCC_APB6CLK_DIV?2)

RCC->SYSBUSDIV2=0x04040404;

/I configure HSI to PLL1 source, frequency is 600M

12
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temp_valuel = RCC->PLL1CTRLI;

temp_value2 = RCC->PLL1CTRLZ2;

temp_valuel &= RCC_PLL_BWAJ MASK;

temp_value2 &= RCC_PLL_CLKR_CLKF_MAGSK;

temp_valuel |= 0x3;

temp_value2 |= 0x25800;

RCC->PLL1ICTRL1 =temp_valuel;

RCC->PLL1CTRL2 =temp_value2;

RCC->PLL1CTRL1 |- RCC_PLL_LDO_ENABLE;

__DBG_RCC_DELAY_US(10);

RCC->PLL1CTRLL &= (~RCC_PLL_POWER_DOWN);

temp_valuel = RCC->PLL1CTRLI;

temp_valuel &= RCC_PLL_SRC_MASK;

temp_valuel = RCC_PLL_SRC_HSI;

RCC->PLL1CTRL1 = temp_valuel;

__DBG_RCC_DELAY_US(10);

RCC->PLL1CTRL1 &= (~RCC_PLL_RESET_ENABLE);
while((RCC->PLLICTRLI&RCC_PLL_LOCK_FLAG) != RCC_PLL_LOCK_FLAG){}
RCC->PLL1CTRL1 |- RCC_PLL_ENABLE;

__DBG_RCC_DELAY_US(1);

RCC->PLL1DIV=0x00020201;

RCC->SRCCTRL1=0x6F000103;

while((RCC->SRCCTRL1 & RCC_SYSCLK_STS_MASK) I= RCC_SYSCLK_STS_PLL1A){}

//Enable RCC of GPU/LCDC/DVP/GPIO and etc.

RCC->AXIEN3 |= (RCC_AXI_PERIPHEN_M7_GPU | RCC_AXI_PERIPHEN_M7_GPULP);//GPU

RCC->AXIEN2 |= (RCC_AXI_PERIPHEN_M7_LCD | RCC_AXI_PERIPHEN_M7_LCDAPB |

RCC_AXI_PERIPHEN_M7_DVP1|RCC_AXI_PERIPHEN M7 _DVP1APB)://LCDC and DVP

RCC->AHB5EN1|=(RCC_AHB5_PERIPHEN_M7_GPIOA|RCC_AHB5_PERIPHEN_M7_GPIOB|RCC_AHB5_PERIPHEN_
M7_GPIOC|RCC_AHB5_PERIPHEN_M7_GPIOD);

RCC->AHB5EN1|=(RCC_AHB5_PERIPHEN_M7_GPIOE|RCC_AHB5_PERIPHEN_M7_GPIOF|RCC_AHB5_PERIPHEN_
M7_GPIOG|RCC_AHB5_PERIPHEN_M7_GPIOH);

RCC->AHB5EN2|=(RCC_AHB5_PERIPHEN_M7_GPIOIRCC_AHB5_PERIPHEN_M7_AFIO|RCC_AHB5_PERIPHEN_M7
_GPI0J |RCC_AHB5_PERIPHEN_M7_GPIOK | RCC_AHB5_PERIPHEN_PWR);

RCC->APB5EN2 |= RCC_APB5_PERIPHEN_EXTI;/[EXTI

RCC->APB1EN1 |- RCC_APB1_PERIPHEN_M7_BTIM1;//BTIM

RCC->SRCCTRL1 &= (~RCC_HSE_RDCNTEN);
RCC->SRCCTRL1 |- RCC_HSE_ENABLE;
__DBG_RCC_DELAY_US(50);

RCC->SRCCTRL1 |- (RCC_HSE_RDCNTEN);

while (RCC->SRCCTRL1&RCC_HSE_STABLE_FLAG) == 0){}
temp_valuel = RCC->PLL3CTRL1;

temp_value2 = RCC->PLL3CTRLZ2;
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temp_valuel &= RCC_PLL_BWAJ MASK;

temp_value2 &= RCC_PLL_CLKR_CLKF_MASK;

temp_valuel |- 0x41;

temp_value2 |= 0x10214000;

RCC->PLL3CTRL1 =temp_valuel;

RCC->PLL3CTRL2 =temp_value2;

RCC->PLL2CTRL1 |- RCC_PLL_LDO_ENABLE;

__DBG_RCC_DELAY_US(10);

RCC->PLL3CTRLL &= (~RCC_PLL_POWER_DOWN);

temp_valuel = RCC->PLL3CTRLI;

temp_valuel &= RCC_PLL_SRC_MASK;

temp_valuel = RCC_PLL_SRC_HSE;

RCC->PLL3CTRL1 = temp_valuel;

__DBG_RCC_DELAY_US(10);

RCC->PLL3CTRL1 &= (~RCC_PLL_RESET_ENABLE);
while((RCC->PLL3CTRL1&RCC_PLL_LOCK_FLAG) != RCC_PLL_LOCK_FLAG){}
RCC->PLL3CTRL1 |- RCC_PLL_ENABLE;

RCC->PLL3DIV = 0x00020205;// SDRAM kernel clock is 133M

RCC->AXISEL2 = 0x00000300;

RCC->AXIEN4 |= (RCC_AXI_PERIPHEN_M7_SDRAM | RCC_AXI_PERIPHEN_M7_SDRAMLP);
RCC->PLLSFTLK = 0x01000020;

/IConfigure GPIO for SDRAM
GPIOA->AFH= OXFFFFFFFF;
GPIOA->AFL= OXOF1FFFFF;
GPIOA-> POTYPE= 0x00000000;
GPIOA-> PMODE= 0XABFFFFFF;
GPIOA-> PUPD= 0x64000000;
GPIOA->SR= 0x0000FFFF;
GPIOA->DS= 0xAAAAAAAA;

GPIOC->AFH= OXFFFFFFFF;
GPIOC->AFL= OxFFOOFFFF;
GPIOC-> POTYPE= 0x00000000;
GPI0OC-> PMODE-= OxFFFFFAFF;
GPI10C-> PUPD= 0x00000000;
GPIOC->SR= 0x0000FFCF;
GPIOC->DS= 0xAAAAAOQAA,

GPI10OD->AFH= 0x00FFF000;
GPIOD->AFL= 0xFFFFFFQO;
GPIOD-> POTYPE= 0x00000000;
GPI1OD-> PMODE= OXAFEAFFFA,
GPI10D-> PUPD= 0x00000000;

14
EREARBHERAT NSING TECHNOLOGIES INC.

Huhik: ERYNTT R L X S db X 5 3R 10945 [F [ AR K JE
1% +86-755-86309900 1L H . +86-755-86169100
M4k https://iwww.nsingtech.com Hili4i: 518057



a)y

4
e )y EIRIA www.nsingtech.com
GPIOD->SR= 0x000038FC;
GPIOD->DS= 0x0A80AAAO;

GPIOE->AFH= 0x00000000;
GPIOE->AFL= 0xOFFFFFOO;
GPIOE-> POTYPE= 0x00000000;
GPIOE-> PMODE= 0XAAAABFFA;
GPIOE-> PUPD= 0x00000000;
GPIOE->SR= 0x0000007C;
GPIOE->DS= 0x00002AA0;

GPIOF->AFH=0x00000FFF;
GPIOF->AFL= 0xFF000000;
GPIOF-> POTYPE= 0x00000000;
GPIOF-> PMODE= 0XAABFFAAA,
GPIOF-> PUPD= 0x00000000;
GPIOF->SR= 0x000007C0;
GPIOF->DS= 0x002AA000;

GPIOG->AFH= 0xOFFFFFFO;
GPIOG->AFL= 0xFFO0FO000;
GPIOG-> POTYPE= 0x00000000;
GPIOG-> PMODE= OxBFFEFAEA;
GPIOG-> PUPD= 0x00000000;
GPI1OG->SR= 0x00007ECS,;
GP10G->DS= 0x2AA8A080;

GPIOH->AFH= OXFFFFFFFF;
GPIOH->AFL= OXFFOFFFFF;
GPIOH-> POTYPE= 0x00000000;
GPIOH-> PMODE= OXFFFFFBFF;
GPIOH-> PUPD= 0x00000000;
GPIOH->SR= 0X0000FFDF;
GPIOH->DS= 0XAAAAA2AA;

SDRAM->BADD1 = 0xC0000000;
SDRAM->ADDMASK1 = 0xFE000000;
SDRAM->RI = 0x00000300; // 133M

SDRAM->RAT = 0x00000007;
SDRAM->RCT = 0x00000009;
SDRAM->RRDLY = 0x00000003;
SDRAM->PT = 0x00000004;
SDRAM->WRT = 0x00000003;

SDRAM->RFCT  =0x00000009;
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SDRAM->RCDLY = 0x00000004;
SDRAM->CFG1 = 0xC02F0105;
SDRAM->0S = 0x52000000;
SDRAM->0R = 0x52000000;
SDRAM->0S = 0x62000000;
SDRAM->0R = 0x62000000;
SDRAM->0S = 0x62000000;
SDRAM->0R = 0x62000000;
SDRAM->0S = 0x72000032;
SDRAM->0R = 0x72000032;

RCC->PLL3DIV = 0x00021405;// RCC_LCDPIXELCLK_SRC_PLL3B=33M for LCDC
RCC_ConfigLCDPixelClkTemp(RCC_LCDPIXELCLK_SRC_PLL3B,RCC_LCDPIXELCLK_AXIDIV1);

2.6.2. R HIEELL

R SysTick BUE I 83K 1HiF,  BL SysTick & 100us i :
void SysTickInit(void)

{
SysTick->LOAD = SystemCoreClock/10000 - 1;

SysTick->VAL =0;

SysTick->CTRL = 0x0007;
NVIC_SetPriority(SysTick_IRQn, 0);
NVIC_EnablelRQ(SysTick_IRQn);

}

2.6.3. GPU #7154k

£ LVGL /1 GPU #IU b R A0 B 2 A, 754 GPU 1) PWR. RCC. NVIC HHTHECE (CEREREYILA
S, AT EWEAD, ARSI A N R
(1) PWR fiifg
PWR_MoudlePowerEnable(GRAPHIC_GPU_PWRCTRL,ENABLE);
(2) RCC fiifE
RCC_EnableAXIPeriphCIk3(RCC_AXI_PERIPHEN_M7_GPU|RCC_AXI_PERIPHEN_M7_GPULP,ENABLE);
ARG FAEBUE A s, @d A RCC E44H1) RCC_SetSysClkToMode0() 5281 »
(3) Hhifrfiline
void NVIC_Configuration(void)

{
NVIC_InitType NVIC_lInitStructure;

NVIC_InitStructure.NVIC_IRQChannel = GPU_IRQn;

NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0x00;

NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0x00;

NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;
16
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EDANIR ¥R WA R

NVIC_Init(&NVIC_lInitStructure);

NVIC_PriorityGroupConfig(NVIC_PriorityGroup_2);

2.6.4. RGHIHEAL

LVGL &&¥)aa4k, AR v _init().

2.6.5. Ban¥IIE4

SoRPIUEAE, 1R EREL Iv_port_disp_init().

2.6.6. RV

fi s S NS AR 40, I8 FH BRI Iv_port_indev_init().

E FIEA A v_task_handler( %L, E1TEIE DN 1ms.
2.

SERRETTH R AE ), ] BUERE GPU Jiatiz

2.6.7. A A

7. BB

2.7.1. FHER

NP, AR SRR demo:

uint8_t display_bg_img_map[64*2]
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,
0x12,0x23,0x34,0x45,0x56,0x67,0x78,0x89,0x90,0x89,0x78,0x67,0x56,0x45,0x34,0x23,

h

const Iv_img_dsc_t display_bg_img = {

.header.cf = LV_COLOR_FORMAT_RGB565,
.header.w = 8,

.header.h = 8,

.data_size = 64*2,

.data = display_bg_img_map,

17
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static Iv_obj_t * screen, *bg_map;

void DemoUl(void)

{
Iv_obj_clear_flag(lv_scr_act(), LV_OBJ_FLAG_SCROLLABLE);
screen=Iv_tileview_create(lv_scr_act());
Iv_obj_set_style_bg_color(screen,Iv_color_hex(0x000000),LV_PART_MAIN);
Iv_obj_clear_flag(screen, LV_OBJ_FLAG_SCROLLABLE);
Iv_obj_add_event_cb(screen,click_screen_ch,L\VV_EVENT_RELEASED,0);

bg_map=Iv_img_create(screen);
Iv_obj_set_size(bg_map,lv_disp_get_hor_res(lv_disp_get_default()),lv_disp_get_ver_res(lv_disp_get_default()));
Iv_obj_set_style_bg_image_src(bg_map, &display_bg_img, LV_PART_MAIN);
Iv_obj_set_style_bg_image_tiled(bg_map, true, LV_PART_MAIN);

2.7.2. BfF A0

1831 FH Iv_obj_add_event_cb(screen, click_screen_cb, LV_EVENT_RELEASED, 0), I J click_screen_cb Z{fAbH
PR%L, fE LV_EVENT_RELEASED B 04T AH R H5 A, bb )46 A [R] 1 2 i
static Iv_obj_t * white_screen;

static uint32_t count=0;

static void click_screen_cb(lv_event_t * e)
{
Iv_event_code_t code = lv_event_get_code(e);
switch(code)
{
case LV_EVENT_RELEASED:
if(count%?2 == 0){
white_screen=Iv_tileview_create(lv_scr_act());
Iv_obj_set_style_bg_color(white_screen,lv_color_hex(0xffffff), L\V_PART_MAIN);
Iv_obj_clear_flag(white_screen, LV_OBJ_FLAG_SCROLLABLE);
Iv_obj_add_event_cbh(white_screen,click_screen_cb,LV_EVENT_RELEASED,0);

else

screen=Iv_tileview_create(lv_scr_act());
Iv_obj_set_style_bg_color(screen,Iv_color_hex(0x000000),LV_PART_MAIN);
Iv_obj_clear_flag(screen, LV_OBJ_FLAG_SCROLLABLE);
Iv_obj_add_event_cb(screen,click_screen_ch,L\VV_EVENT_RELEASED,0);

}

count++;

break;
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default:

break;
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GPU ffi FH¥5rd, FEA4H GPU 1 APl EfEH, BF5@EAH API F1EH APl (HEHTFEMFE). ik
B LVGL 15 AP ST LVGL FRA N V9.3.0, HAth R A o] i HU B AP AN 3 2545 [ il

3.1. RS

3.1.1. KEIL fic'

KEIL/Project/Options for target. .. I3 43 it & AU T
(1) ZwiFaSEiUEH V6 (FiER Ve 2 C++, 5 MicroLIB ANEEHZ).
RAM JE ] RERC B K —28, 75 RIE GPU FI4A LI & 1Y framebuffer K/NFESR, R gm 1< 4

K Options for Target 'N32H78x’

Device Target lDutput] Listing] User I C/o++ (A08) ] A=m ] Linker I Debug ] Utilities]

Nationstech N32H785XIBTEC.CM7

Xal (MHz): [12.0

x

Code Generation
ARM Compiler: I|vs.1 3 | |

Operating system:  |Naone

System Viewer File:

=

™ Use MicroLIB |

|l'432H?Sx.svd

™ Use Custom File

Read/Only Memory Areas

default

off-chip Start Size

ROMT: | |

ROM2: | |

ROM3: | |

on-chip

IROM1: |015000000  [0x80000

IROMZ: | |

Floating Point Hardware: | Double Precision -

ReadWrite Memory Areas

Startup default  off-chip Start Size Molnit
C ™ Raut: | | r
' I RAM2: | | -
o I Rau3: | | ~

on-chip.
& v |RA|-l.-|1:I|D-x24DDDDDD |0x120000 | r
o  IRAMZ: | | ~

Cancel | Defaults | Help |

WAl > AU ESCA A, BAARTVE S5 70 BOIN S AR SR Kb B SRS

(2)  ZE MRALTAE

T XFEAN T SCRFSEREEAT IEH AL, Pe AT H] <default>E%-00,
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Options for Target 'N32H78x'

Device I Target I Output I Listingl User

www.nsingtech.com

A0+ (ADB) |Asm | Linker | Debug | Utilities

Symbals

B
Frepr

Define:

CORE_CM7.USE_STDFERIPH_DRIVER, N32H7ax, I

Undefine:

— Language / Code Generation
[~ Executeonly Code

[~ Link-Time Cptimization
[~ Split Load and Store Multiple
[¥ One ELF Section per Function

Wamings: IﬁC&-Iike Wamings 'I
Cptimization: quefaulw vI [~ Tum Warmings into Emors

Language C: Im
Language C++: |c1+1'| vl

[ Plain Charis Signed W Short enums/wchar
[~ Read-Only Posttion Independent [~ use RTTI
- Read-Write Position Independent I~ Mo Auto Includes

Include
Paths

I..\inc:..\..\ﬂrrnware\CMSIS\core:..\..\ﬁrrnware\.CMSIS\device:..\..\ﬁrrnware\n&h?ﬁu_?&:_stdjeﬂprJ

Misc I
Controls

Compiler
control
string

- -std=c99 ~target =arm-arm-none-eabi mcpu=cortex-m7 -mipu=pv5-d16 mfloat-abi=hard ¢
fnotti funsigned-char fshort-enums fshort-wchar
]

|

Cancel

Help |

Defaults |

(3) $8A4AEH Thumb Mode
Options for Target 'N32H78x'

Device I Target I Output I Listingl User

I C/C++ (ACE)  h=m ILin](er I Debug I Utilities

— Conditional Assembly Control Symbals

Define: I

1 nidefire: I

— Language / Code Generation

Assembler Option: |amnclang {Auto Selsct)
[~ Read-Only Position Independent
[~ Read-Write Posttion Independent

¥ Thumb Mode

=

[~ Split Load and Store Multiple

[~ No Wamings [~ No Auto Includes
Include
Paths I J
Misc I
Contrals
Assembler  |-target=am-arm-none-eabi -mcpu=cortex-m7 -mfpu=fpv5-d16 -mfloat-abi=hard -masm=auto < -~
control  |-gdwarf-3
string w
0K I Canoel Defaults | Help |
tes
™=
LUser
kernel
21
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WNEATR, TFELE KEIL TR Options HH s TN 2 3K 5h SO0 B8 4647 .

A middlewares agpuitesikemelting
Y. 'middlewares \gputeskemelsnc

A vmiddlewares gputes wserting
v Amiddlewares gputtesuserisnc

FAE KEIL TR R 4GS

Middlewares/TES/Kernel
davehd_kernel_bridge.c
davehd_kernel_bridge_ns.c
davehd_kernel_client.c
davehd_kernel_debug.c
davehd_kernel_debug_ns.c
davehd_kernel_driver.c
davehd_kernel_error.c
davehd_kernel_hw_ns.c
davehd_kernel_init.c
davehd_kernel_init_defaults_custom.c
davehd_kernel_irg.c
davehd_kernel_memory_ns.c
davehd_kernel_os.c
davehd_kernel_os_ns.c
davehd_kernel_pool_allocator.c
davehd_kernel_ring.c
davehd_kernel_schedule.c
davehd_kernel_tlist.c
davehd_kernel_tlist_ns.c
davehd_vidmem_allocator.c
nsgpu_hw.c
platform_config_ns.c

iddlewares/TES/User
davehd_buffer.c
davehd_cmadlist.c
davehd_debug.c
davehd_draw.c
davehd_driver.c
davehd_driver_inl.c
davehd_flush.c
davehd_os.c
davehd_os_ns.c
davehd_pool_allocator.c
davehd_profile.c
davehd_stream.c
davehd_util_convert.c
davehd_util_setup.c
davehd_util_state.c

davehd_version.c

FEEEEPEERPEEEPEEEEPEE zEEEEEEPEEEEEEPEFEEEEPEEEEERE

O O 2 O O O O 0 O O O O < O O O O 0 O O O . < O 0 O < O < B O

3.1.3. APl £

liko

[k

b=

£ nsgpu
[ | nsgpu.lib

7E KEIL TF£(#) Options H# nsgpu.h 110 A\ 2 #5425 nsgpu.lib IRAARKS T2 . 75 75 24 FH 1
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TR (i main.e) HII Sk ST #finclude "nsgpu.h”s

3.1.4. HERACE

1E startup_n32h78x_cm7.s H A B HERIH KK/, Heap_Size /075 0x2000, i HE 0x10000, Stack_Size
T Bic 0x2000,

3.2. FEAlidEER

R FAE WA e, 8 A RCC 44 # RCC_SetSysClkToMode0()SZ .

3.2.1. Eulsh ¥k

B GPU IEH TAE, 7R GPU ¥ AL E 2 /T, 75 ZXF GPU ) PWR. RCC. NVIC #ATHC

B, AHIRSEI W R

(1) PWR f#ifig
PWR_MoudlePowerEnable(GRAPHIC_GPU_PWRCTRL,ENABLE);

(2) RCC féifig
RCC_EnableAXIPeriphCIk3(RCC_AXI_PERIPHEN_M7_GPU|RCC_AXI_PERIPHEN_M7_GPULP,ENABLE);

(3) hilrfEife (k2R R %0 GPU_IRQHandler(void) & 78 B 5l i sz i)
void NVIC_Configuration(void)

{
NVIC_InitType NVIC_InitStructure;
NVIC_InitStructure.NVIC_IRQChannel = GPU_IRQn;
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0x00;
NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0x00;
NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE;
NVIC_Init(&NVIC_InitStructure);

}

HPrREE SR FE, fEH NVIC Configuration(void) 2 Rl , 1% #EHC & H Wik S 2, 1.
NVIC_PriorityGroupConfig(NVIC_PriorityGroup_2);

322. YV BRAF

GPU LAEFrTR N HER. BRTH. S METGE, N SRAM W8, Rl DU R4 5 H
) 030000000 E¥, 0x24040000 % SRAM b, 75 075 f Fi #h B SDRAM ik
£ nsgpu.h #1 GPU_MEMORY_BASE_ADDRESS #ki\Jy 0xCOC00000, F] 454 SEPRIGHIZ . REESHL

HR#E S e X SDRAM ZE[RI[fEHL R, 78 main F1% SDRAM #I4ait 5 BE el FHANT T R N A7, Bikz2%
SDRAM f#] DEMO.

3.2.3. Bt

ZHIEWM T, MHTEEHRERER LCDC, MIhfEr{# 2% LCDC & DEMO.
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3.3. i APl FE{ii B
3.3.1. #ItEtk

int nsgpu_init (u32 gpu_memory_base, u32 fb_num, u32 width, u32 height, u32 pixel_bytes)
(D i
gpu_memory_base: 3%y GPU WAZIF3E L, width*height*pixel_bytes*fb_num /T 300KB i, AJLL#% &
1 F A4k 5 FH 1) 0x30000000 %, 0x24040000 %5 P4 45 SRAM Hbhik, 75 I 7544 Fi #h+4 SDRAM Hitik. 7 nsgpu.h
H' GPU_MEMORY_BASE_ADDRESS #Ai\ 5 0xCOC00000, 1] 254 SEFRiE ifE
fo_num: H1iF framebuffer M4, < HNAE, —REEN LEIT, AgEE FRAME_BUF_MAX;
width: HH i framebuffer 1) 55 & ;
height: H1i# framebuffer [ ;
pixel_bytes: MRIZ ZIENLEBGZ T, A8, L8 FFERMIKEN 1, RGB565 S5 E N 2, RGB565A8
SR E N 3, ARGB8888 KLk B M 4.
(2) IR [EE Vi
R EHIEIRZS 1R
-1 SRR E R
-2: FHEER
-3: WARAHHAEFE T AR
0: WHEAZ
1: 1B
(3)
int result = nsgpu_init (GPU_MEMORY_BASE_ADDRESS, 1, SCREEN_WIDTH_SIZE, SCREEN_HEIGHT _SIZE, 2);
H.rf SCREEN_WIDTH_SIZE 1l SCREEN_HEIGHT _SIZE 43 51 A Bt %5 Al 5 i

3.32. EERH

void nsgpu_deinit(void)

GPU HEFIERIIRE, ARG R
3.3.3. JREUBL A7

u32 nsgpu_get_ready_framebuffer (u8 index)
nsgpu_init KIAA1L 58 B » I 12 e BOR AN G2 A7 Fr 50 L ) CAT AR Al 26 TR G2 A7 . — AR OL N AT -
(1 U]
index: A framebuffer /775, BUEIEHEE 0~(fo_num-1)2[a], fb_num J& nsgpu_init BRI EWI4A AL T
B,
(2) R [m{H 15 B
1R (BB A ZEAT 75 0 L AT A I 26 TR G A7 1 Hu bk
(3) 7
int result = nsgpu_init (GPU_MEMORY_BASE_ADDRESS, 2, SCREEN_WIDTH_SIZE, SCREEN_HEIGHT_SIZE, 2);
u32 address0 = nsgpu_get_ready_framebuffer (0);
u32 addressl = nsgpu_get_ready_framebuffer (1);
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3.3.4. LML

void nsgpu_set_framebuffer (u8 index)

nsgpu_init WIARTERE , I 1% B B0 B A5 o0 I EATIR LB I S A7 DR 24 i AR HOVE Y22 47
—RAF AT I

(1) ZHR

index: &y framebuffer 1247575, BUEIEEZE 0~ (fo_num-1)2 1], fb_num /& nsgpu_init s&EWIEAALI L
B,

(2) 7~

int result = nsgpu_init (GPU_MEMORY_BASE_ADDRESS, 2, SCREEN_WIDTH_SIZE, SCREEN_HEIGHT _SIZE, 2);
nsgpu_get_ready_framebuffer (0);5% nsgpu_get_ready_framebuffer (1);

3.3.5. REUH A&

u32 nsgpu_get_framebuffer(void)
nsgpu_init FIUGAL5E G, 1R FH 2% R BOHRE 24 BT A A VE Y9247
(1) 3R [aHE Ui
IR [HE 4 FiE GGz A7 (1) B bk
(2) =P
int result = nsgpu_init (GPU_MEMORY_BASE_ADDRESS, 1, SCREEN_WIDTH_SIZE, SCREEN_HEIGHT _SIZE, 2);
nsgpu_set_framebuffer (0xC0000000);
u32 address = nsgpu_get_framebuffer ();

3.3.6. AR HHEAF

void nsgpu_set_framebuffer (u32 addr)
nsgpu_init M4 TE AU, P 12 B0 B SO 2 B AR B CAVAR 48 BT R A AR IR I I 24T . —
B AR WAL .

(1 ZHuH]
addr: JyZECE NTE GG A7 E Uk

(2) 78
int result = nsgpu_init(GPU_MEMORY_BASE_ADDRESS, 1, SCREEN_WIDTH_SIZE, SCREEN_HEIGHT_SIZE, 2);
nsgpu_set_framebuffer(0XxC0000000);

3.3.7. BiE#HEER

void nsgpu_data_fill (u32 *dst, u32 dst_width, u32 dst_height, u32 dst_startx, u32 dst_starty, u32 color, u8 alpha, u32 width, u32
height)
(1 SR
dst: PO EHRIE TSR H PR
dst_width: DXIEFERE, — ORI 7S X 98 5 width AH [
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dst_height: X e 5, — MATE 78 X 38010 =1 height 41 [F] s
dst_startx: H brtihibzEml B x J7 am (e, RIEFEEE, KN 0;
dst_starty: HFrHbhbEAL BE)y 7w ie, REHERE, —&HN0;
color: JEF MBI, Bifihs )y ARGB888S #%UMIME, ik nsgpu_init OVWILGEALES pixel_bytes=4, IEFEH]
{EL A color fH—#F, W1k pixel_bytes=2, IE7 A NIJE color #4y RGB565 [I1H, pixel_bytes JARAE th 2%
e FSAH A X RMEL s
alpha: JEFMEWIEE, HUETEEN 0~255, 0 R /RAFEN, 255 FRAiE .
width: SF 7R X B8 FE
height: $E 78 X 38 ) /51
(2) 7~H1
N 0xC0000000 454K 75 800 x 480 4 Bk, Eifh ly OXFFFFO000 (ZL4), AiEH.
int result = nsgpu_init(GPU_MEMORY_BASE_ADDRESS, 1, 800, 480, 2);
nsgpu_data_fill((u32 *)0xC0000000, 800, 480, 0, 0, 0XFFFF0000, 255, 800, 480);

3.3.8. FUEMEEN

void nsgpu_data_copy (u32 *dst, u32 dst_width, u32 dst_height, u32 dst_startx, u32 dst_starty, u32 *src, u32 width, u32 height, u32
pitch, u32 pixel_bytes)

(1 U]
dst: Eda 5 DU H drstbdit:;
dst_width: H 5 X3 585 5
dst_height:  H A5 DX 3801 51 s
dst_startx: H etk zEml B x J7 i mA (e, RIEHRERE, —KH0;
dst_starty: Hinduhbial Ly Jr mWASE, RAETHEE, B8 0;
src: Hdu % DUk
width: Bl X 58
height: Y5 X 5011 51
pitch:  Ha i X AT 54T Z (B B IR EE,  — ORI o8 EAH 7]
pixel_bytes: MRIGEENILEBRRTE, A8, L8 FEHRMBIKE N 1, RGB565 KM E N 2, RGB565A8
LXK EN 3, ARGB8888 EHRMUKE N 4.

(2) 74

H bR X3RN A 300 x 180, MAmALALFR (20,5) FFUH+E I1 300 x 180 [AE - HAHE -
int result = nsgpu_init (GPU_MEMORY_BASE_ADDRESS, 1, 800, 480, 2);
memset((void*)0x30000000,0,0x20000);//dst [X 35 4= #5¥% %
memset((void*)0x30020000,0x55,0x20000);//src [X 15,5 N 0x55
nsgpu_data_copy ((u32 *)0x30000000, 300, 180, 20, 5, (u32 *)0x30020000, 300, 180, 300, 2);
PR A A NAF, AT E] M 0x30000000 + (300*5 +20) *2 =0x30000BEOQ FF 445 A 0x55.

(3) RH
Blanfe LVGL ¥ e, 800 x 480 70 M58, AR IH 730, WIB 2247 K/ 9 800 x 48, #h
RGB565, Jit s Zef7 i) HE iy 0xC0000000. #5 VUi 40T
static void disp_flush (Iv_display_t * disp_drv, const Iv_area_t * area, uint8_t * px_map) {

if(disp_flush_enabled) {
Iv_coord_t width = Iv_area_get_width(area);

Iv_coord_t height = Iv_area_get_height(area);

26
EREARBHERAT NSING TECHNOLOGIES INC.

Huhik: ERYNTT R L X S db X 5 3R 10945 [F [ AR K JE
1% +86-755-86309900 1L H . +86-755-86169100
M4k https://iwww.nsingtech.com Hili4i: 518057



a)y

"" EREAK www.nsingtech.com

nsgpu_data_copy ((u32 *)0xC0000000, 800, 480, area->x1, area->y1, (u32 *)px_map, width, height, width, 2);
}
Iv_display_flush_ready(disp_drv);
}
MR % GPU Bz HLs ke, MRIZ AT Ja A8 il BE A iy 1 AN A, 03 RN A2 3 TR 1
(0TI 45 S5 80 R e A IR B A AT e ANadE

3.3.9. ELHIHE

void nsgpu_set_draw_color (u32 color)
(1 U9

color: WEZHIKIEIM, Bith)y ARGB888S #5 .
(2) 7~

nsgpu_set_draw_color (OXFFO000FF); // % & £ it il (.

3.3.10. wE £ Alpha

void nsgpu_set_draw_alpha (u8 alpha)
(1 U]
alpha: WEZHIEWE, DUETEHIY 0~255, 0 Fnai#EW], 255 KoxAEW .
(2) 74
nsgpu_set_draw_alpha (255); // ¥ & 2135 1 FE Jy 255.

3.3.11. & EREE R
B, AT DL S AR, T DA I U A 7 R

33111 &RE

void nsgpu_vgdraw_line (float x1, float y1, float x2, float y2, float width)
(1 ZHuY]

(XLy1)HI(x2,y2): S E P i KL AR o

width: SLLERIZTE, HAMERREN 0, f/PREN 0.1,
(2) 74

nsgpu_set_draw_color(OXFFFF0000); //# & 41 {1

nsgpu_vgdraw_line (60, 100, 360, 300, 1.0);

3.3.11.2.

void nsgpu_vgdraw_rect (float x, float y, float width, float height)
(1 SR

(xy): AR EATI R AR

width: SO AR TERIKF 56 B

height: JySZ ORI EH&EE .
(2) 74

nsgpu_set_draw_color(OXFFFF0000);// 1 B 4.
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nsgpu_vgdraw_rect (20, 20, 100, 50);

33113 =Mk

void nsgpu_vgdraw_triangle (float x1, float y1, float x2, float y2, float x3, float y3)
(1 U9
(xLyl)s (x2,y2). (x3,y3): AL =M =T, BRI, HeE =T BT 25K
(2) 7~
nsgpu_set_draw_color(OxFFFF0000); /[ & 4L {4,
nsgpu_vgdraw_triangle (10, 50, 40, 40, 70, 70) ;

3.3.114. [H

void nsgpu_vgdraw_circle (float cx, float cy, floatr)
(1 U]
(ex,cy): RSO RO A AR
r- NEPEAES
(2) 74
nsgpu_set_draw_color(OxFFFF0000);// 1% & 41 {4,
nsgpu_vgdraw_circle (60, 60, 30);

3.3.115. [EIK

void nsgpu_vgdraw_arc(float cx, float cy, float r, u32 width, u32 start_angle, u32 arc_angle)
(1 ZHuY]

(ex,cy): MG E AR .

r- NI,

width: g[8 I 58 5 o

start_angle: AIRIINIIACLE A B

arc_angle: BN BIAIMAE OKFAMy 0 B2, G 4D .
(2) 75

nsgpu_set_draw_color(OXFFFF0000);// 1 B 41

nsgpu_vgdraw_arc (60, 60, 30, 1, 0, 45);

3.3.116. B

void nsgpu_draw_wedge(float cx, float cy, float r, u32 start_angle, u32 arc_angle)
(1 SR

(cx,cy): MR L ALK .

r- ABIEHIEAE.

start_angle: i JE (A2 46 £ B

arc_angle: JNETEXSRIRIMAE OKFAM 0 B2, G 4.
(2) B

nsgpu_set_draw_color(OXFFFF0000);// 14 B 4.

nsgpu_draw_wedge (60, 60, 30,0, 45);
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3.4. LVGL £ F] API FE#iEH

3.4.1. HEFEAH

void nsgpu_lvgl_fill_proc (lv_draw_task_t *t, const Iv_draw_fill_dsc_t * draw_dsc, Iv_area_t draw_area, Iv_area_t coordinates)
1Z PR E0E B T7E Iv_draw_nsgpu_fill.c [ void Iv_draw_nsgpu_fill(lv_draw_task_t *t, const Iv_draw_fill_dsc_t * draw_dsc,
const Iv_area_t * coords) # 1fi FH .
(1 Y]
t: LSRR, KB T LESHLE;
draw_dsc: IHFAHRMITRES, KA T LES L,
draw_area: Z:ffill[XIAHIRAGE, H_LEMHKSEGR/E;
coordinates: AXFRAHIAE S, I EEMHAXSHIRS.
(2) 74
void Iv_draw_nsgpu_fill (Iv_draw_task_t * t, const Iv_draw_fill_dsc_t * draw_dsc, const Iv_area_t * coords)
{
Iv_area_t coordinates;
Iv_area_copy (&coordinates, coords);

bool flag;
Iv_area_t clip_area;
flag = Iv_area_intersect (&clip_area, &coordinates, &t->clip_area);

if (! flag) return;

Iv_area_move (&coordinates, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);

Iv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);

nsgpu_lvgl_fill_proc (t, draw_dsc, clip_area, coordinates);

3.4.2. ZRFhbE

void nsgpu_lvgl_label_proc (Iv_draw_task_t *t, Iv_draw_glyph_dsc_t * glyph_draw_dsc, Iv_area_t draw_area, Iv_area_t letter_area)
%R HOE I TAE Iv_draw_nsgpu_label.c Y void Iv_draw_nsgpu_draw_letter_cb (lv_draw_task_t *t, Iv_draw_glyph_dsc_t
*glyph_draw_dsc, Iv_draw_fill_dsc_t * fill_draw_dsc, const Iv_area_t * fill_area) FR A .
(1 ZHuH]
t: LHMESMRHIIRE, KA T LES UL,
glyph_draw_dsc: FFFAHKTREE, kKA T EES L,
draw_area: £l XIAHKAEE, H_LEMHRSEGRE;
letter_area: FfFXIEAIRIEE, HLEMKSEGAG.
(2) B
void Iv_draw_nsgpu_draw_letter_cb(lv_draw_task_t *t, Iv_draw_glyph_dsc_t * glyph_draw_dsc,Iv_draw_fill_dsc_t * fill_draw_dsc,
const lv_area_t * fill_area)

{

Iv_area t letter_area;
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letter_area = *glyph_draw_dsc->letter_coords;

bool flag;

Iv_area_t clip_area;

flag = Iv_area_intersect(&clip_area, &letter_coords, &clip_area);
if (! flag) return;

Iv_area_move(&letter_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);
Iv_area_move(&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);

if(glyph_draw_dsc) {
switch(glyph_draw_dsc->format) {
case LV_FONT_GLYPH_FORMAT_NONE: {
#if LV_USE_FONT_PLACEHOLDER
/* Draw a placeholder rectangle*/
Iv_draw_border_dsc_t border_draw_dsc;
Iv_draw_border_dsc_init(&border_draw_dsc);
border_draw_dsc.opa = glyph_draw_dsc->opa;
border_draw_dsc.color = glyph_draw_dsc->color;
border_draw_dsc.width = 1;
Iv_draw_nsgpu_border (t, &border_draw_dsc, glyph_draw_dsc->bg_coords);
#endif
}
break;
case LV_FONT_GLYPH_FORMAT Al:
case LV_FONT _GLYPH_FORMAT A2:
case LV_FONT_GLYPH_FORMAT A3:
case LV_FONT _GLYPH_FORMAT A4:
case LV_FONT_GLYPH_FORMAT_A8:
{
nsgpu_Ivgl_label_proc (t, glyph_draw_dsc, clip_area, letter_area);
}
break;
case LV_FONT_GLYPH_FORMAT_IMAGE: {
#if LV_USE_IMGFONT
glyph_draw_dsc->glyph_data = Iv_font_get_glyph_bitmap(glyph_draw_dsc->g, glyph_draw_dsc->_draw_buf);
Iv_draw_image_dsc_t img_dsc;
Iv_draw_image_dsc_init(&img_dsc);
img_dsc.rotation = 0;
img_dsc.scale_x = LV_SCALE_NONE;
img_dsc.scale_y = LV_SCALE_NONE;
img_dsc.opa = glyph_draw_dsc->opa;
img_dsc.src = glyph_draw_dsc->glyph_data;

t->draw_dsc = &img_dsc;
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t->area = *glyph_draw_dsc->letter_coords;
nsgpu_lvgl_path_proc (t, fill_draw_dsc, blend_area);

#endif
}
break;
default:
break;
}
}

3.4.3. B b

void nsgpu_lvgl_image_proc (lv_draw_task_t *t, const lv_draw_image_dsc_t * image_draw_dsc, Iv_area t draw_area, Iv_area_t
image_area)

1% bR BUE T /8 Iv_draw_nsgpu_image.c ) void img_draw_core (lv_draw_task t * t, const Iv_draw_image_dsc_t
*dsc,const lv_image_decoder_dsc_t *decoder_dsc, Iv_draw_image_sup_t * sup,const Iv_area t *img_coords, const Iv_area t *
clipped_img_area)-F i FH .

(1 U]

t: LSRR, KB T LESHL#;

image_draw_dsc: K AHKIAEEE, RA T EESHLE;

draw_area: Z:illXIAHIRAEE, H_LEMHRSEGR/E;

image_area: P H IXIANEAE B, B LA HGE.

(2) 74

void img_draw_core (lv_draw_task_t *t, const Iv_draw_image_dsc_t *dsc, const Iv_image_decoder_dsc_t *decoder_dsc,

Iv_draw_image_sup_t * sup, const Iv_area_t * img_coords, const Iv_area_t * clipped_img_area)

{
Iv_area timage_area;
Iv_area_copy (&image_area, img_coords);
bool flag;
Iv_area_t clip_area;
flag = Iv_area_intersect (&clip_area, &image_area, &t->clip_area);
if (! flag) return;
Iv_area_move (&image_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);
Ilv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.y1);
nsgpu_lvgl_image_proc (t, dsc, clip_area, src_area);
}

3.4.4. B B4

void nsgpu_lvgl_layer_proc(lv_draw_task_t *t,const lv_draw_image dsc_t * image_draw_dsc,Iv_area t draw_area,lv_area_t
image_area)
31
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Z R EGE T Iv_draw_nsgpu_layer.c #  void nsgpu_lvgl_layer_proc(lv_draw_task t *t,const Iv_draw_image_dsc t *
image_draw_dsc,Iv_area_t draw_area,lv_area_t image_area) i .
(1 U9
t: LSRR, KA T LESHLE;
image_draw_dsc: K HHKIAEEE, RA T EESHLE;
draw_area: Z:fill[XIAHIRAGE, H_LEMHKXSEGR/E;
image_area: K IXIEAHKREE, H EZEHXSHIRS.
(2) 7~
void Iv_draw_nsgpu_layer(lv_draw_task t *t, const Iv_draw_image_dsc_t * draw_dsc, const Iv_area_t * coords)
{
Iv_area_t image_area;
Iv_area_copy (&image_area, coords);

bool flag;

Iv_area_t clip_area;

flag = Iv_area_intersect (&clip_area, &image_area, &t->clip_area);
if (! flag) return;

Iv_area_move (&image_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);
Iv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);

nsgpu_lvgl_layer_proc (t, draw_dsc, clip_area,image_area);

3.4.5. &AL

void nsgpu_lvgl_line_proc(lv_draw_task_t *t, const Iv_draw_line_dsc_t * draw_dsc, Iv_area_t draw_area)
R EOE H TE Iv_draw_nsgpu_line.c # void Iv_draw_nsgpu_line (lv_draw_task t * t, const Iv_draw_line_dsc t *
draw_dsc) Fifi H
(1 ZHuH]
t: ZHUESAHRKITRE, kKA T LESHL#;
draw_dsc: Z:HilfHCHITRE, SRA T L ESEEIS;
draw_area: Z:Hi|XIHAH G R, B EEMRSEIRSG.

(2) 74
void Iv_draw_nsgpu_line(lv_draw_task_t * t, const Iv_draw_line_dsc_t * draw_dsc)
{
if (draw_dsc->width == 0)
return;
if (draw_dsc->opa <= (lv_opa_t) LV_OPA_MIN)
return;

if (draw_dsc->p1l.x == draw_dsc->p2.x && draw_dsc->pl.y == draw_dsc->p2.y)

return;

Iv_area_t clip_area;

bool flag;
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clip_area.x1 = LV_MIN (draw_dsc->p1l.x, draw_dsc->p2.x) - draw_dsc->width / 2;
clip_area.x2 = LV_MAX (draw_dsc->p1.x, draw_dsc->p2.x) + draw_dsc->width / 2;
clip_area.yl = LV_MIN (draw_dsc->pl.y, draw_dsc->p2.y) - draw_dsc->width / 2;
clip_area.y2 = LV_MAX (draw_dsc->pl.y, draw_dsc->p2.y) + draw_dsc->width / 2;

flag = Iv_area_intersect (&clip_area, &clip_area, &t->clip_area);

if (! flag) return;

Iv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);
nsgpu_lvgl_line_proc (t, draw_dsc, clip_area);

3.4.6. EH R AL

void nsgpu_lvgl_arc_proc (lv_draw_task_t *t, const Iv_draw_arc_dsc_t * draw_dsc, lv_area_t draw_area)
1% R $0E H T Iv_draw_nsgpu_arc.c ] void Iv_draw_nsgpu_arc(lv_draw_task_t * t, const Iv_draw_arc_dsc t
* draw_dsc, const Iv_area_t * coords) i F .
(L ¥
t: SRR, RA T EESHULE,
draw_dsc: Z:HilfHCHITaEr, KA T LESEEIS;
draw_area: Z:ilXIBAMHKGEE, #H EEMXSEIRSG.

(2) 76
void Iv_draw_nsgpu_arc(lv_draw_task_t * t, const Iv_draw_arc_dsc_t * draw_dsc, const Iv_area_t * coords)
{
if(draw_dsc->opa <= (Ilv_opa_t) LV_OPA_MIN)
return;
if(draw_dsc->width == 0)
return;

if(draw_dsc->start_angle == draw_dsc->end_angle)

return;

Iv_area_t clip_area;

bool flag;

flag = Iv_area_intersect (&clip_area, coords, &t->clip_area);
if (! flag) return;
Iv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.y1);
if(draw_dsc->start_angle == draw_dsc->end_angle)
return;

nsgpu_Ilvgl_arc_proc (t, draw_dsc, clip_area);

3.4.7. AL

void nsgpu_lvgl_mask_rect_proc (Iv_draw_task_t *t, const Iv_draw_mask_rect_dsc_t * draw_dsc, Iv_area_t draw_area)
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1% PR i&E A T /E Iv_draw_nsgpu_mask_rectangle.c ] void Iv_draw_nsgpu_mask_rect(lv_draw_task_t * t, const
Iv_draw_mask_rect_dsc_t * draw_dsc, const Iv_area_t * coords) - i FH .
(1 U9
t: LSRR, KA T LESHLE;
draw_dsc: ZHilMHKHIFREr, kBT LESHULIE;
draw_area: £ XIAHAE R, B EEMRSEIHRE.
(2) 7~
void Iv_draw_nsgpu_mask_rect (Iv_draw_task_t * t, const Iv_draw_mask_rect_dsc_t * draw_dsc, const Iv_area_t * coords)
{
Iv_area_t clip_area;
bool flag;

flag = Iv_area_intersect (&clip_area, coords, &t->clip_area);

if (! flag) return;

Iv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);
nsgpu_lvgl_mask_rect_proc (t, draw_dsc, clip_area);

3.4.8. IAEANFE

void nsgpu_lvgl_border_proc (lv_draw_task_t *t, const Iv_draw_border_dsc_t * draw_dsc, Iv_area_t outer_area, Iv_area_t inner_area)
% B BUiE AT /E Iv_draw_nsgpu_borderc ] void Iv_draw_nsgpu_border(lv_draw task t * t, const
Iv_draw_border_dsc_t * draw_dsc, const Iv_area_t * coords) i F .
(1) ZH
t: ZHUESAHRKITRE, kKA T LESHL#;
draw_dsc: Z:HilfHCHITRE, SRA T L ESEEIS;

outer_area: ZxHHIIAAESNXIRAH G R, H LEMKRSEHIRS;
inner_area: Z:filIAHEN XA, H EEMKXSEIRG .

(2) 75
void Iv_draw_nsgpu_border(lv_draw_task_t * t, const Iv_draw_border_dsc_t * draw_dsc, const Iv_area_t * coords)
{
if(draw_dsc->opa <= LV_OPA_MIN) return;
if(draw_dsc->width == 0) return;
if(draw_dsc->side == L\VV_BORDER_SIDE_NONE) return;

Iv_area_tinner_area;

int32_t width = draw_dsc->width;

inner_area.x1 = coords->x1 + ceil (width / 2.0f);
inner_area.x2 = coords->x2 — floor (width / 2.0f);
inner_area.yl = coords->y1 + ceil (width / 2.0f);
inner_area.y? = coords->y2 — floor (width / 2.0f);

Iv_area_move (&inner_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);

Iv_area_t clip_area;

Iv_area_copy (&clip_area, &t->clip_area);

34
EREARBHERAT NSING TECHNOLOGIES INC.

Huhik: ERYNTT R L X S db X 5 3R 10945 [F [ AR K JE
1% +86-755-86309900 1L H . +86-755-86169100
M4k https://iwww.nsingtech.com Hili4i: 518057



a)y

V%) EIREAK

www.nsingtech.com

Iv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.yl);

Iv_area_t clip_coords;

bool flag;

flag = Iv_area_intersect (&clip_coords, &inner_area, &clip_area);
if (! flag) return;

Iv_area_t outer_area;
Iv_area_copy (&outer_area, coords);
nsgpu_Ilvgl_border_proc (t, draw_dsc, outer_area, inner_area);

3.49. =AAE

void nsgpu_lvgl_triangle_proc (Iv_draw_task_t *t, const Iv_draw_triangle_dsc_t * draw_dsc, Iv_area_t draw_area)
Z MR B 3E B T 7E v draw_nsgpu_triangle.c F*)  void Iv_draw_nsgpu_triangle (Iv_draw task_t * t, const
Iv_draw._triangle_dsc_t * draw_dsc) " i F
(1 U]
t: LSRR, KB T LESHL#,
draw_dsc: Z:HilfHCHITaEr, KA T LESEEIS;
draw_area: Z:fi|XIAHAE R, B ELEMRSEIIRE.
(2) 76
void Iv_draw_nsgpu_triangle (Iv_draw_task_t * t, const Iv_draw_triangle_dsc_t * draw_dsc)
{
if(draw_dsc->opa <= (Iv_opa_t) LV_OPA_MIN)

return;

Iv_area_t clip_area;

Iv_area ttri_area;

tri_area.x1 = LV_MIN3(draw_dsc->p[0].x, draw_dsc->p[1].x, draw_dsc->p[2].x);
tri_area.yl = LV_MIN3(draw_dsc->p[0].y, draw_dsc->p[1].y, draw_dsc->p[2].y);
tri_area.x2 = LV_MAX3(draw_dsc->p[0].x, draw_dsc->p[1].x, draw_dsc->p[2].x);
tri_area.y2 = LV_MAX3(draw_dsc->p[0].y, draw_dsc->p[1].y, draw_dsc->p[2].y);

bool flag;

flag = Iv_area_intersect(&clip_area, &tri_area, &t->clip_area);

if (! flag) return;

Iv_area_move (&clip_area, -t->target_layer->buf_area.x1, -t->target_layer->buf_area.y1);

nsgpu_Ilvgl_triangle_proc(t, draw_dsc, clip_area);
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3.5. APl i H

(1) EHJE, EERECE TR, % GPU ) PWR. RCC. NVIC #HTH &

(2) BEESET LVGL S HELE I FH GPU HI4G 1k B %L nsgpu_init, XF GPU JEATHI4A1L

(3) ¥ 7 ZH AR GPU DiRE R4k
R DB API P A5 u32 *dst A1 u32 *src Sk, WRNAEXFE, NIRIE AP DhREIES . TR
AR, EUERHhEE /DN 64 f1XE5E, BUFRE 256 AL6 ST (SRR EEADBEHA 0).

3.6. FoAth it B3

K% 048 RGB565A8, i N EUHEHRR, FHi{REdE4% RGB565A8. RGB565A8. ... It/ 7 HE%,
ANBESE RGB565. RGB565....A8. AS... I .

Al LLZ 2% https://lvgl.io/tools/imageconverter, %3 LVGL v8 ) CF_TRUE_COLOR_ALPHA #% %
RGB565A8 [ J1 #AT Hidia it 4, 13 BNEAH A, W EIFR:

LVGL vB LVGL v8

Select image file(s) 1ipg

Color format

i)

CF_TRUE_COLOR_ALPHA

Alpha byte Add a 8 bit Alpha value to every pixel
Chroma keyed Make LV_COLOR_TRANSP (lv_conf.h) pixelstotransparent

Output format

ik

C array

Dither images (can improve quality)

Output in big-endian format
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A H#H B S
V1.0.0 2025-07-23 Bl SRS

BN GPU 8 API JZE B 90 R T 2 25 U B, % A API
V1.0.1 2026-01-09

PEZRBr. BN, FE. JHE. =MIBAL LS UH
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5. 7
E BRI A IR AT CRARE REAR™) SR T @7 B Mg b A N RS AE . 222000
S ARG R R, SO A R I [ R B ™ i CRAR ) AR A

E REARAE BRI RS T LA FAER B ARAE TR Al i B2 81 8051 36 =7 44 PR el
i (AT BURAEIXO 2 H .

H AR RBE BN AR L ATIE 399 BN B R I SCRIIBUR], A 3478 A0 15 (38 HNAE T B8 SE i
BB A% ] ROBOR IR SO R SR WA

[ R s SR (R rT (S A B0, (EEIME A, IFAHERE B RS ISR HERA AT ] S 1k A& H DT

A RSO A5E R LR AR ™ i, T3 R AT A B B ARSI ThREME A 22 A, ERER
ANKEAEAR] DR FH B SR AR 7 i T 7 AR AR AT LR TR, REAh. el T TR AT AR R4 B 5 SRR 4 T
f£.

[ B AR 77 b AE R G 46 F (1 B RCR BEA AR AT SO BORAIE A0 AR L AR R AR R AR A 2 B
PEREOL T, AATRESE AN 0GTo . NS sy™ EI 10k, LSRR Ay A 2 e

AL OIEEANRT: SIPRFARBE . TRl WLET il WA Iri 2 ek E
LR HA 15 45 SCRF BRAERFAE A IR o

FITAT A2 4 AR DG I e A PN AR, (R ASE N A8 R B 5 AR e DR DI S A 22 4 i 1T 3 B
SR R AR SR TR A

XF T BESCRE AT S AR AT 7R« BOR Z ARIE, AR EAR T E#HYE . 7€ gl A EAM AR B RIE THE,
[ BB A AR SR VVE I A EAT e Dt

RZWVFA], AR AR DARATEE d 0 SO R 3 sl AT . Bl Bek. $hmiesk.
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