
© 2021 Arm

王卓然
2021-5-21

!" Arm-2D

!"#$%&'()'



2 © 2021 Arm

!"#$

• !"#Arm-2D
• Arm-2D$%&'()*
• Arm-2D$%+,
• Q&A

git clone https://github.com/ARM-software/EndpointAI
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%&GUI'()*
• GUI-./012GUI Software Framework3

• *+,-Element Tree.
– !"#$%&
– Boxing Mode 

• /012-34567/088.
• 9:;<=>?@A
• B+CD5EF;GH

• GUI456
• IJK*+LM
• *+KNO;PQR

• 789:
• STU
• VFR5WXR5YZ
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• ;<2Container3=452Control3
• *+&*+,K[\]^
• _U&`a9bK*+——cde_fgc*+

– '()*+,-.)/012345'()6789
§ :;<'=>9*+
§ ?9@ABStream ContainerC
§ DE@ABLine Stream ContainerC
§ ……

– Z-Order

• >?@A45BCD?-EFGHID?-JKLM
• hijk-Refresh.lImJnopqrstuvnpq
• wxy+z2lImJ{uvn|}
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Boxing Mode
• Boxing Mode #NOPQRS-'(
• Region#Boxing Mode-./TU

• ^~��-Location.
– int16_t
– 2DFGHIJKLMNOPQ
– RSNTB0,0C
– YUVWXXH

• ����-Size.
– int16_t
– YZBWidthC
– [ZBHeightC

Region iHeight

iWidth

(x, y)

Y

X
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显示区域

Panel (top container)

Absolute Base Point (0,0)

Absolute Coordinate Point 
(x,y) for Top Container

container

Relative Coordinate Point 
(x,y) for nested-Container

control

Relative Coordinate Point 
(x,y) for control

Relative
Coordinate Point 
(x,y) inside a 
control

./0123/01
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显示区域
Absolute Region of Top Container

control

Panel (top container)

containerRelative Region of control

Relative Region of 
nested container

Dirty Region

3/Region2./Region

Invisible Part (outside of 
Visual Area)

Invisible Part (outside of 
its parent container)
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显示区域

control

Panel (top container)

container

脏矩形一般总是一个相对Region.总
是小于等于所在控件的Region.

4567Dirty Region8
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%&GUI'()*
• GUI-./012GUI Software Framework3

• *+,-Element Tree.
– !"#$%&
– Boxing Mode 

• /012-34567/088.
• jk59:;<=>?@A
• B+CD5EF;GH

• GUI456
• IJK*+LM
• *+KNO;PQR

• 789:
• STU
• VFR5WXR5YZ

Visual Designer
GUI Event Handling

GUI Element Tree

Element Rendering

Application Layer
User Software

GUI Core Service Layer 
Software

Rendering Layer 
Software 

Hardware Acceleration

Display Hardware
Low Level Driver 
CMD Interface 

Display Memory Interface

Arm-2D
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Arm-2D!$%&'()*+
!"#$%&'GUI
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MCU9:;2D<6=>?@ABCD
• 2DVWXYZ[-\]^_`\ab

• ��6502���������
• [��6��K��hiST�HTML������
• ����V������

List Item A
List Item B
List Item C
List Item D
List Item E
List Item F
List Item G
List Item H
List Item I
List Item J
List Item K

Tile for Content

List Item C
List Item D

While Visible 
Region is 

sliding, you feel 
that the list is 

sliding

Tile for Display
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E<?'(FG

Source 
Width

Source 
Width

Root Tile Width of 
the Source Tile

Root Tile Width of 
the Target Tile

When transmission 
pointer hit the source 
width , source address 

will increase the root tile 
width, i.e. addressing 
start of the next row 

Row 0

Row 1

Row 2

Row 0

Row 1

Row 2

2D Copy
Copy Source 
Tile to Target 

Tile

Source Tile Base 
Address Source Tile

Target Tile

When transmission 
pointer hit the wrapping 

boundary, source address 
will increase the root tile 

width, i.e. addressing 
start of the next row 

Target Tile Base 
Address
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HIJKLMNO
• \]^_: 

• !"#$%&'(CMSIS)*. 
• +,4-./012'(3456789:;<=89>

X89>Y89>XY89?

• `a)^b:
• @A1BCDEFGHI7)JKLGRegion/MNO
PQRSTU*7VW.

• cd`a)efghiij

• cd`akl3m$no)efgpiij
• &'()*+,-./01

• cd`a)qr^P
• X6KLGYZ56[)\]K^_`a7bcd)*
NO

• cdst):Quv>wx
• 23+,45678(./901:;(
• <=(>?@:AB3CDEF<G(>/HI JK
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%&Cortex-MPGQ?DR/S

80.31

46.55 42.66

22.77 23.57

7.99

0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

Min Freq (MHz)

!" 30 FPS #$%&'()*+,-MHz.

Cortex-M0+ Cortex-M4 Cortex-M33

Cortex-M7 Cortex-M55 Scalar Cortex-M55 Helium

0.58
1.00 1.09

2.04 1.98

5.83

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

 Ratio

/Cortex-M4012&3456

Cortex-M0+ Cortex-M4 Cortex-M33

Cortex-M7 Cortex-M55 Scalar Cortex-M55 Helium
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TUVGUI?WXY
• \]-cdeGUIfghijMCUklmn
-op

• qrstuklMCU-GUIvwxyz{q
|@}~\7MCU-kl+�
• Flash�32K ~ 64K
• SRAM�4K ~ 32K

• ��Partial Framebuffera���
• J ¡¢£¤PFB¥I¦§
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Arm-2D,-./$0123+
�uklMCU ����GUIPQ��j��
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Z[\]?PFB^_
• ¨©: 

• efgJh7SRAM@`ijkel<4K ~ 32K?
• 1B`a7mno320*240 716p#LCDq$rstu

150KB RAMvwFGxy.
• efz{;|6RFG7}~s�ij�. 

• Arm-2Dª«¬Cortex-Mz2U­®¯°PFB
• ��API�P������7Framebuffer
• �����8*8l�7���<PFB?���PVW�
�l�7lq$. 

– :ABPFB(L>MNOPQRS. 

– ,PFBTUV(WXL>YZ[\

• ����;7PFB��:�
• VW����

– ]UV(C^_`abcd,efg. 

A Child Tile for Full Sized Screen  

A Root Tile for 
Partial 
Framebuffer

. 

Repeat partial 
refresh iterations 

until whole frame (or 
desired display area) 

is refreshed
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%&?2D<6`abc
操作类型 分类 性能要求 重要性 SW/HW ACI MVE DMA Comments

Tile Operations 基础 低 标配 X X X 图片的拷贝和纹理的填充

Colour Space 
Conversion 典型 看情况 一般都有 X X X X 颜色格式的转换

Drawing 典型 还好 一般都有 X X 画点、画线、颜色填充等等

Alpha Blending 典型 较高 一般都有 X X X X 透明效果（抠图、透明蒙版等等）、图层合成等等

Mirroring 典型 低 一般都有 X X 镜像

Rotation 高级功能 吃力 选配 X X X 图片的旋转

Zooming/
Stretching 高级功能 吃力 选配 X X X 缩放和拉伸

Filtering 高级功能 吃力 比较少见 X X X X 各种滤镜效果（抗锯齿等等）
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Arm-2D&'()*+

The Programmers’ Model of Arm-2D
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E<7Tile8
• �6&Arm-2D±²K[\]^³cdeJ´µ
¶«¬K/0�
• ^b
• yxz{|
• }~
• ……

• ·�6-Root Tile.¸¹ºc»¼K½¬/0
• ��)���"
• ��z{|)��
• ��)i��"

• �¾¿�6K[À(­deÁÂÃÄ�6.
• ��) 7p¡¢£*<Location?¤¥¦§!¨�)
 7©RU*<Relative Coordinates?

• ª«¥1Bb¬¨�)7bc

Root Tile

iHeight

iWidth

Child Tile A

iWidth

iHeight

(iX, iY)

(0, 0)

pchBuffer

Root Tile

ptParent

Child Tile A

Child Tile B

(iX, iY)

iWidth

iHeight

ptParent

Child Tile B

Child Tile C

iWidth

iHeight

(iX, iY)

ptParent

Child Tile C

注意：上述所有的贴图（包括子贴图）实际上共享了同
一片缓冲区.
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• arm_2d_rgb16_tile_copy / 
arm_2d_rgb32_tile_copy

• Input: 
– Source Tile
– Target Tile
– Relative Region in Target Tile
– ����no

• Output:
– An Updated Target Tile

Target Tile

Relative RegionSource Tile

Copy

Target Tile

Relative Region
Source Tile

Fill



24 © 2021 Arm

hijkV?de2fg

• arm_2d_rgb16_tile_copy / 
arm_2d_rgb32_tile_copy

• Input: 
– Source Tile
– Target Tile
– Relative Region in Target Tile
– ���9

• Output:
– An Updated Target Tile

Target Tile

Relative RegionSource Tile
X 

Mirroring

Target Tile

Relative RegionSource Tile
Y 

Mirroring

Target Tile

Relative RegionSource Tile
X/Y 

Mirroring
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• arm_2d_rgb16_tile_copy_with_colour_masking/ 
arm_2d_rgb32_tile_copy_with_colour_masking

• Input: 
– Source Tile
– Target Tile
– Relative Region in Target Tile
– Mask colour

• Output:
– An Updated Target Tile

Target Tile

Relative RegionSource Tile

Copy

Mask Colour
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Tile ?mno)

• ���F
• Region�F
• ����
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更多极术公开课请关注极术社区

关注极术社区微信号 添加小助手加入技术群
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Thank You
Danke

Gracias
谢谢

ありがとう
Asante
Merci

감사합니다
धन्यवाद

Kiitos
ارًكش

ধন#বাদ
הדות



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
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Regionpqr
• arm_2d_region_intersect

• Input: 
– Input Region 0
– Input Region 1

• Output:
– A clipped region

Input Region 0

Output Region

Input Region 1
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• arm_2d_tile_generate_child
• Input: 

– Parent Tile
– A relative region of the given parent tile

• Output:
– A new child tile with clipped region

Parent Tile (no need to be a root tile)

Relative Region

New Child Tile
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• arm_2d_tile_get_root
• Input:

– A given tile
– A buffer to store the valid region info

• Output:
– The root tile

One of the parent tiles

The Given Tile

Valid Region

Root Tile


