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2. =Arm-2D

Arm-2D+

FRBIRTEIT

Arm-2D7
Q&A

-G

git clone https://github.com/ARM-software/EndpointAl

2
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B U GUIE AR

o GUIBYEZARMEZE (GUI Software Framework)
- ERT (Element Tree)

- BRI IEN S

— Boxing Mode
- WREE (. BRRERESFS)
- TR B 2 FFARSS

- BFIEED. IBRANR

© GUIRAE
. BRBRES
. BRI BRI T

- BP#E
 RitES

- NRE. RIRE. B
5 © 2021 Arm a rm




sk

- 28 (Container) FUIE{4E (Control)

- PRI E RSN
- BB IPFHRET G —— O UBSNE R
- NERBEBEIAZBEEH T UBTE ANOBIEARE
. SHFEAE” REH
« SAT\fRfE (Stream Container)
« 2ZIERS  (Line Stream Container)

H

o XNE—MERN, NARRET2ANaemEHRES
- RE%EH (Refresh) BEXALRRBRMOSE ELTED
- IESHANEBEERAREMEER
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Boxing Mode

* Boxing Mode X THREMENERL

* Region EBoxing ModeBYE A EB{1]
- /ES5X (Location)
_intl6 t
- 2DINE MERNEBEAMIRA
- Zr Ay (0,0)
g ENYs=I=E

- RYJ1E8 (Size)
_int16_t
- TE (Width)
- SE (Height)

7 © 2021 Arm

(X, y)

> X

Region

iHeight

iWidth

arm



ZB VA

Absolute Base

Absolute Coordinate Point
(x,y) for Top Container

ATRAUAERY 2

Point (0,0)

Relative Coordinate Point

(x,y) for nested-Container Panel (tOp contamer)

Relative Coordinate Point
(x,y) for control

container

Relative control
® Coordinate Point

(x,y) inside a
control

%

BRI

DAOANINNMMOMOMMNMN

arm



FEXYRegionFZEXYRegion

9

Absolute Region of Top Container

/

BRI

Relative Region of
nested container

Relative Region of control co ntainer

Panel (top container)

Dirty Region

control

Invisik
its par

le Part (outside of
ent container)

7

/

Invisible Part (outside of
Visual Area)
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~ (Dirty Region)

AT 52— A% & = — N 4B X Region. &
/T EFETF e =4 AYRegion.

ontro §

N

FERX A

MM_bhuxu
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B U GUIE AR

o GUIBYEZARMEZE (GUI Software Framework)
- IRARY (Element Tree)

Visual Designer Application Layer
_ MES kR | Pp y

s " R |5 GUI Event Handling User Software
— Boxing Mode

(5], BHRAHE SRS
|- BEEED. SR

* GUIRAE
. BRBRES
. BRI BRI T

- BP#E
 RitES
R, BIRE. P

11 © 2021 Arm a r m

GUI Core Service Layer

Software

'ﬁﬁ%ﬁ(?ﬁ‘gﬁﬁﬁ%%)
I GUI Element Tree

Rendering Layer Arm-2D |

Element Rendering Software
Hardware Acceleration

Low Level Driver

Display Hardware CMD Interface
Display Memory Interface
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MCU_ 3K 2DEIFE R BBV AT T

Tile for Content

. 2DERBFENE T BRI st tem A
- BE6502i B2 EE G r .
- EFIERBABEER@DRITEHTMLUIY S22 EN While Visible m

gvie . — . List Item C

- INEETNENBERAS o - JSER0 S
Tile for Display  sliding, you feel | List Item D
that the list is

List Item C sliding | Li E
List Item D List Item F

Tab 1

List Item G
Button « GPS
— = wiri List Item H
oggle ©
84 i List Item |
- List Item J
@ Check box FE Video
List Item K

Check box Tuesday

Option 2w

13 © 2021 Arm a r m



MEEBVEANRIE

T

2 Root Tile Widthof ) Root Tile Width of >:
" the Source Tile the Target Tile I
I 1
|
Source Tile Base :
Address 2D Copy !
|
Copy Source :
Tile to Target I
Tile

R L r ey

I
I
I
|
I :
Row1l | |I Target Tile Base When transmission
: pointer hit the wrapping
Row2 boundary, source address
| will increase the root tile
: : width, i.e. addressing
| = I start of the next row
. i ]
I : I ]
: I I
. | 1
| 1 |
- ol I |
When transmission ) : - I
pointer hit the source = i : Target Tile I
width , source address sl ! 3 :
! *4 I o !
T (IS R [CYTCERE |
width, i.e. addressing ! : :
start of the next row : Source :
|e . %I
I Width [
| |
14 © 2021 Arm I ! a r m



HA FSSHiE

=+
- ERBEM_LIEFCMSISEIT.
- SRR — MEFBNATERNERER (THRER.
XTRER. YRR, XYRR)
- FUEA:
- BY— P EME TR CERE R KR Region t)EITNAE
DYSSUIAE:EINE=ESS
« —DENFERIEER

+ — 3N, HBRMEATHFERFEER
- EFSHOAPOEER T IWBRA
© NI EIBYAEER
: %ﬁ@%@ﬁﬂﬂ@@ﬂ%ﬂ&Zi;!%%ﬂlf‘%"me’wé%%ﬂﬁ
LDgE
»  —PEARY “RFIT” BN
- XA “TRIBFINRE” BRI
- BEN)\BBXE LR — M RESEN)BR (o -
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= Dl Cortex-MRMEBZZBYMEBENXT LY,

IAF) 30 FPS NPT/ N\ ARSAME (MHz) BACortex-MaNSEZBIIMERE L]

90.00 20 31 7.00
80.00 6.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

5.00
46.55 42.66 4.00
3.00
22.77 23.57 5 00 2.04 1.98
T ]
oo N T

Min Freq (MHz) Ratio

B Cortex-MO+ B Cortex-M4 Cortex-M33 B Cortex-MO+ B Cortex-M4 Cortex-M33
m Cortex-M7 m Cortex-M55 Scalar m Cortex-M55 Helium m Cortex-M7 m Cortex-M55 Scalar m Cortex-M55 Helium
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#r ATGUIBYLT N

« BB ANGUIEDTEE] s MCUTHRSZ IR
BV

Requirements

16,32 or 64 bit microcontroller or processor

/

=1

E > 16 MHz speed is recommended

N

© ARBEITNEDRMCUBIGUHDRTC AT
AN—EDEEAMCUN BB E
« Flash: 32K~ 64K

« SRAM: 4K~ 32K

Flash/ROM: = 64 kB (180 kB is recommended)

RAM: 8 kB (24 kB is recommended)

<

1 Frame buffer: in MCU, external RAM, or display controller

Graphics buffer for LVGL: > “Horizontal resolution” pixels

<

(1/10 “Screen size” is recommended)

« Y ¥FPartial Framebufferay Y\
- BB 2SRIPFBIFE WME

&

C99 or newer compiler

Basic C (or C++) knowledge:

g

pointers, structs, callbacks

17 © 2021 Arm a r m
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BB BABPFBY i

. b, A Child Tile for Full Sized Screen
S e

. REZBEHBISRAMBEBRRIBA (4K~ 32K) ; ARootTilefor |
—ANE AR AR A 320240 BUA6{T EELCD R BT ; Partial ;
150KB RAMYE N B/R4R)P. ooy :

. RERASWAN B ROMEEREDTS. “

Arm-2D NPT ECortex-MRNEZSEIZAL T PFB

SEAPIT PR BT B Framebuffer Repeat partial
: fﬁli'lem\ﬁS*sj(/J\B’ﬂEEﬂ% (PFB) {RIBTIDISTIHHE P R,
%j(/l \Ei'\]j(ﬁ% desired display area)

isrefreshed = = siiuiuininieieiebebe itttk

- KPR _EPFBRY AR O LUER.
- APFBRAFTHFES A/ VR EREE
- IREHEM I BIPFBIHENIS IR
- XRFFEBRIFT
- 2RIFTN—ZESLERXIEBAFRE.
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BN BY2DEIARIED £

£ =E i A MREE R FEM  SW/HW AC MVE DMA Comments

Tile Operations B 1% FREC X X X ERWEINSEENER
Colour Space 7 PR . 5 .

Conversion B EIEN BEH X X X X BEeERmEk

Drawing i) wEF  —BEE X X TP =WETEZ N ﬁﬁ@iEEE%’é}f
Alpha Blending ~ f22! KE o —REAE X x x x FERRR (KE. ERRREFS) BRERFF
Mirroring L il 1I% —REE X X BIR

Rotation SRINEE nz 1 7% e X X X R B9ELE

Zooming/ g . . s <

Stretching SAME ) XXX SRR

Filtering BAME 125 MBS X X X x EWMEENE (EEED)
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NSE (Tile)

« 5K BArm-2DRENEAREN, B O LIAXG _
WPTBERNEIR Root Tile

<=

Child Tile B

Child Tile C
- BR -~
ﬁﬁéﬁ)[lj‘X Child Tile A
: o (0, 0)
. (iX, iY) Root Tile
° *E)ﬂﬁl %] (Root Tile) U\ﬂﬂi% K,EIEE]’]#H% R Child Tile A (iX, iY)
¢ m /E B’]R_,Ha /TN iHeight Child Tile B
R IPX BRI o
° 1%%89@%21%% iWidth Child Tile C iHeight iHeight
iHeight
. EEOSENER FBTOURE LS, wan
- STEERIPHNIEE SR (Location) JE 5B 2ARMGE iWidth
PgIMEIVALHT  (Relative Coordinates) o
B2 5 — T 1RORLEERER iWidth
AR ERFENNE (BEFEE) XEFREEHZETE

—hRZ&MX.
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* arm_2d rgb16 tile copy/ farget Tile
arm_2d_rgb32_ti|e_co Py Source Tile _Relative Region
* Input: (M cmsis —  Copy -—>§€/cmms %
_ Source Tile §
— Target Tile
- ?%el[;ti}egié%n in Target Tile &\\\\\\\\\\\\\\\\\\\\\\\\%
- SN E A
* QOutput: |
— An Updated Target Tile Target Tile
Source Tile Relative Region V
T omsis — il N (A cMmsis | ( cMsls €/c§
A cMsis | ( cMsls @/c§

s s arm




2t

TR RIS T BV IIAIR TS

* arm_2d_rgb16_tile_copy /
arm_2d rgb32 tile_copy

* Input:
— Source Tile
— Target Tile
— Relative Region in Target Tile

- BRI
« Qutput:
— An Updated Target Tile

24 © 2021 Arm

Target Tile

Source Tile Relative Region
“emsisi— X —Sheemo V)

Mirroring e

7%

MANAANNNNNNN

Target Tile
Source Tile Relative Region
\
M.
Target Tile
Source Tile Relative Region
§
AR



S

* arm_2d rgbl6_tile_copy_with_colour_masking/
arm_2d_rgb32_tile_copy_with_colour_masking

* |nput:
— Source Tile
— Target Tile
— Relative Region in Target Tile
— Mask colour Mask Colour

- Output: . Target Tile
— An Updated Target Tile

Source Tile Relative Region

25 © 2021 Arm a r m
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Tile BYNT,

27
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typedef struct arm_2d_tile_t arm_2d_tile_t,
struct arm_2d_tile t {
implement_ex(struct {

-

uint8_t bIsRoot

uint8_t bHasEnforcedColour

uint8_t
uint8_t
uint8_t
arm_2d_color_info_t

}, tInfo);

1
1
b
8
8

)

b

-

b

tColourlnfo,

implement_ex(arm_2d_region_t, tRegion);

union {

HH

//'< is this tile a root tile
//'< does this tile contains enforced colour info

//'< enforced colour

/*! when bIsRoot is true, phwBuffer is available,

*1 otherwise ptParent is available

o
arm_2d_tile t
uintl6_t
uint32_t
uint8_t

*ptParent;
*phwBuffer;
*pwBuffer;
*pchBuffer;

arm
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BESRALFRBRERALX

RiERALKMES AN FIONIAEE

29 © 2021 Arm G r m



arm

© 2021 Arm

- Thank You

Danke
Gracias

)

CHUNES

Asante
Merci

TN

JYgdlq
" Kiitos
RS
HATJY

N TN




N - - * - * * “The Arm trademarks featured in this presentation are registered
trademarks or trademarks of Arm Limited (or its subsidiaries) in

the US and/or elsewhere. All rights reserved. All other marks

featured may be trademarks of their respective owners.

www.arm.com/company/policies/trademarks

© 2021 Arm



Region3KAX:

e arm_2d_region_intersect Input Region 0

 Input: .
— Input Region 0 input Region 1 ;
— Input Region 1 w
« Output: Output Region
— A clipped region

N\
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Qm_jﬂ JON _5\2 _/|\3_)ﬂ\l5 X
o arm_Zd_tiIe_generate_child Parent Tile (no need to be a root tile)
 Input:
_ Parent Tile Relative Region |
— A relative region of the given parent tile Q
« Output: New Child Tile
— A new child tile with clipped region

N

33 © 2021 Arm a r m
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 arm_2d tile _get root
* Input:
— A given tile
— A buffer to store the valid region info
« Qutput:
— The root tile

Root Tile

I

One of the parent tiles

The Given Tile

Valid Region

MULMHIHIHHIHIIDIDIMKN
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