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1. uGelis OS Introduction

uGelis embedded OS is a Edgeless self-developed AloT operating system,
which currently supports running on Edgeless EAI series AI MCU.

EAI series chips are based on ARM cortex MA4F processor architecture,
supporting armv7-m instruction set architecture and 32-bit address space. The
chip adopts multi-core architecture, integrates dual core arm cortex-m4 and
CNN convolutional neural network hardware accelerator, and supports offline
real-time Al algorithm applications (vision and voice). For details of the chip,

please refer to the relevant data sheet and reference manual.

1.1 uGelis Feature

e Ultra lightweight

- Minimum 8K RAM and 20K ROM
- Highly configurable

- High portability
e task management

- multithreading support
- priority support

- multiple scheduling algorithms (FIFO, LIFO, RR)

e Support memory management

Edgeless Semiconductor Co.,Ltd. of ZhuHai 7 /42
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memory pool
memory mapping
large memory

continuous physical memory

e support multiple network protocols

support BLE ,IEEE802.15.4 ,Wifi ,NB-IOT( later ) ,LoRA( later)

support IPV4/IPV6

support 6LoPAN implementation
support TCP/UDP transmission
support HTTRCOAPMQTT
support Thread protocol

support json format

e support rich components

FAT file system

USB protocol stack

unified drive architecture

Power management system

Internet of things collaborative framework
Java script engine

GUI

Edgeless Semiconductor Co. Ltd. of ZhuHai
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e Support multiple integrated development environments

- Linux
-  MinGW
- GreelDE

- Keil

e multiple upgrade methods

- USB Device
- USB Host

- Serial port upgrade

- SD/MMC upgrade Http upgrade

- Http upgrade

1.2 uGelis SDK Architecture

uGelis Architecture

PC System

Embedded System

‘ Photo ‘

API ‘ Music ‘ ‘ Reader ‘ ‘ Games ‘

Apps

Al Camera
JavaScript uContivity

oty e | Ao
Display Driver | | Audio Driver Management
Camera Driver Sto.rage Memory
Drivers Management
Management Management

Resource Manager
e |

Key Driver

USB Driver

Device System

i
i

Edgeless Semiconductor Co.,Ltd. of ZhuHai
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Figure 1 uGelis SDK Architecture

The SDK of Edgeless EAI series Al MCU includes six parts: uHAL, uGelis Kernel,

uMiddle, uLibs, App and PC Tools , It is used to simplify and speed up the

development of applications on EAI microprocessors. The brief description is as

follows:

1) uHAL

2) uGelis Kernel

3) uMiddle
4) ulibs
5) Apps
6) PC Tools

1.3 SDK Description

(1)

(2)

uHAL

uHAL is a board level support package for EAI series chips. Provides
the most basic physical layer driver interface that is independent of OS.
The uhal layer supports running directly on keil. It is convenient and
fast for porting to other OS, such as UCOS, RT thread, FreeRTOS.
uGelis Kernel

uGelis Kernal includes the system files, management mechanism and
various driving mechanisms of ugelis, such as device system, power

management, interrupt mechanism, thread synchronization

Edgeless Semiconductor Co. Ltd. of ZhuHai 10 /42
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(3)

(4)

(5)

(6)

mechanism, etc. Ugelis kernel is the core of ugelis system, which
provides basic and structural functions.

uMiddleware

uMiddleware is a middleware system provided by ugelis, such as IOT
interoperability system ucontivity, IOT JavaScript engine, network
protocol framework, etc. At present, the middleware system of
umiddleware only supports ugelis system, but it can be easily
transplanted to other OS systems, such as UCOS, RT thread and
FreeRTOS.uMiddleware.

uLibs

uLibs stores the most basic dynamic link shared library of the system,
and its function is similar to the DLL file in windows. These shared
libraries are required for almost all applications.

Apps

Application development - software developers can develop
applications with various functions, such as music, images, documents
and games, based on the basic services provided by the ugelis system.
PC Tools

PC Tool refers to some packaging tools, mass production tools,
upgrading tools and support packages used on the PC side. Such as

Easynet compiler, uGelis Flash, etc

Edgeless Semiconductor Co. Ltd. of ZhuHai 11 /42
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1.4 uGelis Directory Structure

F—— ugelis

| F—— arch

| F—— boards

| F—— boot

| F—— cmake

| F—— CMakeLists. txt

| —— CODEOWNERS

| F—— CONTRIBUTING. rst
| F—— doc

| F—— drivers

| F— dts

| I— export

| I—— ext

| F—— include //Ugelis all public header files
| —— Kconfig

| F—— Kconfig. ugelis

| F—— kelis example //Apps
| F—— kernel

| —— 1ib

| —— LICENSE

| F—— Makefile

| F—— misc

| F—— README. rst

| —— samples

| F—— scripts

| F—— subsys

| I— tests

| F—— tools //tool on pc side
| F—— ugelis—env. sh

| —— VERSION

| F—— version. h. in

|
|

F—— win-ugelis—env. cmd
| I

L—— ulibs

F—— hal

L—— midware

ztest

Figure 2 uGelis Directory Structure

Edgeless Semiconductor Co. Ltd. of ZhuHai 12 /42
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2. SDK User Guidance

2.1 Preparation

(1) Software and hardware preparation
e PC
e chip hardware platform
e Windows 7 or above
« SDK
e Keil
e Pack files for EAI
« serial software
e hardware related drivers

(2) install Keil
Please install keil above v5.18, because the pack file used by the
microprocessor is made of Keil of v5.18. The lower will not recognize the pack
file used by the microprocessor. After the installation of Keil, please be sure to
register. If you don't register Keil, you can only compile the image with the
maximum 32kbyte. If your software is larger than 32kbyte, there will be an
error during compilation..

(3) Install Device Family Pack
If you have obtained the pack file of EAI series microprocessors from

regular channels ( you must obtain the correct version of the pack file, the

Edgeless Semiconductor Co. Ltd. of ZhuHai 13 /42
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higher the general version number, the more chip models supported by
the pack file), just double-click the pack file to install, and then click the
"next” button until the installation is completed. If the installation is
successful, there will be a folder named "gm66xx_dfp" under the directory
"XXXX \ arm \ pack \ keil \". XXXX "is the installation path of Keil uVision.
(4) Hardware platform connection

Please confirm that the JLINK driver is installed before connecting.

The connection mode is that PC connects JLINK through USB, and then
JLINK connects development board through SWD; serial port connection
line connects development board through UART; connect power line to

supply power

2.2 Hello World Demonstration

All the demos in the SDK are in the directory of ugelis \ Kelis \ example. Select the

subdirectory app to open the Hello world project file.
2.2.1 Hello world project demonstration in keil_example

Project execution process:

Edgeless Semiconductor Co. Ltd. of ZhuHai 14 /42
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Open project file

Open the Keil project file in
the directory of ugelis\

kelis example\app\hellow-
orld\mdk

Keil environment

configuration according to the file mode

Choose the environment
configuration of Keil

build and debug Build. load. debug

Figure 3 Project execution process

(1) Open project file

Open the Keil project file in the directory of ugelis\kelis_example\app\hellow-

orld\mdk ;

1]

€| ugelis_demo.uvprojx

EiHE Eic] o

2019/9/23 17:15 HisionS Project 22 KB

Figure 4 Open project file

(2) Keil environment configuration

Step 1:

JE_L:| | | P | iE = | [ easynet_process_

| f%n, ugelis_demao H g«.

n (&=l

Edgeless Semiconductor Co. Ltd. of ZhuHai 15 /42
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Options for Target 'ugelis_demo'
Dewice |Target I Output I Listingl Uszer I CfCHt I h=m I Linker I Tlebug I Milities
ISoﬂware Packs j
Vendor: Generic Software Pack
Device: FETZ1ELGFPED Pack: |Keil. GM&G&c_DFP.1.4.1
Toolset: ARM URL:  www. kil comfdd?
Search:
¥ ARM | |GreeMicroelectronics’ GME7 series chipsets provide high -

5 @ Generic performance and Al characteristics.

"%3 GMEE Series
(= "%3 GMET Series
=4 Fa721B

£ FA721BLOFP144

£ Fe721BLQFP176

£ Fa721BLQFP40

.. )l F6721BLQFP80

‘ B | v | i

0K I Canecel | Defaults | Help |

Figure 5 Select target
Note: Please selected according to the die model and PKG, which is F6721B;

(3) Setting debug option

Cptions for Target "usb_fatfs_demo’ &
. - -
Device I Target | Output | Listingl User | C/CH I Bhzm I Linker Debuz |Vtilities I
" Use Simulator Settings | i LEe: IJ-LINK / J-TRACE Cortex | |settings
[ Limit Speed to Real-Time
¥ Load Application at Startup ¥ Run to main{) [~ Load Application at Startup ™ Fun to main(
Initialization File: Initiglization File:
| J Edit.. | "..\Dbg_lnn.ini I J Ed... |E
Restore Debug Session Settings ————————————————— Restore Debug Session Seftings ——————————————————
v Breakpoints v Toolbax v Breakpoints v Toolbax
¥ Watch Windows & Peformance Analyzer [ Watch Windows
v Memary Display v System Viewer v Memory Display v System Viewer
CPUDLL: Parameter: Driver DLL: Parameter:
ISAF{MCM&DLL | MPU ISAHMCMS.DLL I—MF‘U
Dialog DLL: Parameter: Diglog DLL: Parameter:
IDCM.DLL I-pCM-t ITCM.DLL I-pCM-t
OE I Cancel | Tefaults | Help |

Figure 6 Setting debug option

Edgeless Semiconductor Co.,Ltd. of ZhuHai 16 /42
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Cortex JLink/JTrace Target Driver Setup

Debug ITrace IFlash Download

~J-Link f J-Trace Adapter — ~ ¥ Dawice
oW TOCODE | Device Hame [ Mowe
Device:| T-Link SWDIU) @) 0x2BAD. .. ARM CoreSight SW-DP Up |
Wt oo | ve.4o 41| V4. 950 nm.m|
F - | T=Tsmle 10 s lad M "
I B
ort: Mz \ {* Antomatie Detectic I0 CODE: I

B =] 5w x| \ € Marusl Confignrati  Device Name: |

K huto C1i| 842 | Delete| wpdate| IR Lem: |
—— o

Cache Options Townload Options

Connect & BReset Options

conmect” |Ho teset: [Normal - |¥ Cache Code [~ Yerify Code Dowrdle
I
¥ Cache Memory I” Download to Flash

[ Reset after Conn

, P
—Interface ———— ~TCE/IF Misc
& USE " TCESIP Hetwork Settings -
TP-Addras Port AutodetecLl TLink Infol
Scan .
|12T.I:I .01 | 0 Fing | mnkcmdl
State: ready
WE pE | AW |

Figure 7 Setting debug option

(4) Setting flash option

Cortex JLink/)Trace Target Driver Setup

Tebug I Trace Flash Download I

—Download
LA

Ton
" Erase Full C [ Frozram
" Fraze Sector [ Verify
% Do not Erase | FReset and Run

:art: [0x20000000 ize: |0x5000

—Programming Algorithm

Dewice Size Dlevice Type Addres=s Range
OH - OOTFFFFFH

Dlescription

F&TZ1E SDR&M SM

] T e — |
@Uuuuuuuu ize: IDxDDSDDDDD_\\)
Add | Remaswre |
W nE | mEw |

Figure 8 Setting flash option

Edgeless Semiconductor Co.,Ltd. of ZhuHai 17 /42
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(5) Build , download , debug

=A" ;‘ ‘3‘ ‘ | [ ‘ ;E = | [# easynet_process_init E =S @@ & &|| 4
@@\ﬁ[ @ uge\is_demo E g\‘ & & @
Project Ly 1 main.c

figure 9 keil toolbar

Press the button in the upper left corner of the toolbar to

compile the project , load the generated AXF file in the upper left corner

#+ 1, and debug the generated AXF file in the upper right corner| Q | :

2.2.2 New project

e Mode 1: copy projec
Copy a project file from the above demo directory, and then change it
according to the directory structure of the project file with the actual
situation.

e mode 2: re create

(1) New directory
Create a new directory under the " \ugelis\kelis_example\” , such as
"create_demo".

(2) New project
As shown in the following figure ,open the Keil integrated development
environment, click "new uVision project” from the "project” drop-down list,

name the project, and click "save" to save.

Edgeless Semiconductor Co. Ltd. of ZhuHai 18 /42
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E Create New Project
|
@Q" _«ﬁ b ugelis » kelis example » creat demo v|‘,|| 1=

ey R = @
B um &
=)=l
-
& =5

reat demo L |

£ SR ERE =32 ol

I

EESEEEHIE.

8 R
&, wmma ()
Ca AiEEEE (D)
ca FRHIRREE (B9
ca RS (F)
5 Resource (\\17:

mn

i e
ST (N): -
R [Project Files (“.uvproj; *.uvprojx) V]
- B gEe | mE |
Figure 10 New project
(3) Select device
Choose the right equipment for the project
Options for Target 'ugelis_demao’ \E\
Device lTarget | Output | Listing | User | C/CH | Asm | Linker | Debug | Utilities |
|Su:rﬂ',\'are Packs J
Vendor: Generic Software Pack
Device: FE7?1BLQFPSD Pack: |Kei|.GM'E&O(_DFP.1.4.1
Toolset: ARM URL:  www. leil. comfdd2
Search:
¥ ARM 4 || |GreeMicroelectronics’ GMET series chipsets provide high -

0 @ Generic performance and Al charactenstics.

4% GMB6 Series
=Yt GM6T Series
=% F6721B

g3 Fe721BLQFP144

g3 Fe721BLQFP1T6

£ Fe721BLOFP40

-l F6721BLOFPSD

< BT :

0K | Cancel ‘ Defaults | Help

Figure 11 Equipment selection for new project

(4) Select target

Edgeless Semiconductor Co. Ltd. of ZhuHai 19 /42
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=
kA Options for Target 'ugelis_demo’

===

Dewice Tlarget IUutputI Listingl User I CfiCH I fzm

Generic GME721BLAFP 144

al (MHz)
Operating system:  |MNone ;I
System Wiewer File:

—Code Generation

| Linker | Debug | Utilities |

ARM Compiler: |Use latest installed version

[™ Use Cross-Module Optimization

=

[ Use Custom File

=

se MicroLIB || Big Endian
Floating Point Hardware:

IUse Single Precision vl ]

— Read/Only Memory Areas — Read/Write Memory Areas
default  off-chip Start Size Startup default  off-chip Start Size Nolnit

™ Romi: | | e ~ Raw: | | r

I~ RoMZ: | | o I RaMZ | | r

T ROM3: | | o C  RAMZ: | | r
E IROM1: [B<10000 [ec200000 a E IRAM1. [2C0100000  |020000 B

I~ IROMZ: | | e I IRAMZ: | | r

| O | | e, | | Defaulis |

(5)

Figure 12 Select targ

Devicel Target Output |Listing| User | C/CH I A=m

et for new project

Set project name and create executable file

| Linker | Debug | Utilities |

Select Folderfor Objects... |

| Name of Executable: IEIdC_dEﬂ'lO

_J

S )

' Create Executable: \adc_demo
v Debug Information
v Create HEX File

v Browse Information

[~ Create Batch File

~

™ Create Library: \adc_demo lib

(6)

| 0K

Cancel

Defanlts I

Figure 13 Create executable

Set Include path

Edgeless Semiconductor Co.,Ltd. of ZhuHai
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=
Options for Target 'ugelis_demo’

Device I Target I Output I Listingl User C/C+Ht |.-\sm I Linl:erl Debug I Utilitiesl

— Prep Symbols
| __USE_KEIL_ I

Define:
Undefine:
— Language / Code Generation
I~ Execute-ony Code I~ Stict ANSIC Warings,
Optimization: Im I Enum Cortainer always int
I™ Plain Charis Signed I Thumb Mode

[~ Optimize for Time
[~ Split Load and Store Muttiple [ Read-Only Position Independent [ Mo Auto Includes

||_ One ELF Section per Function I [~ Read-Write Postion Independent I~ C95 Mode
S

|”g:tﬂe I..\..\..\jndude;..\..\..\jndude\genaated;..\..\..\jndude\conﬁg;..\..\..\indude\dri\refs:..\..\..\am\am B
H
Misc
Legntrols
Compiler
cantrol
string

I—gnu

-

- —cpu Cortex-M4 fp -D__ MICROLIE g -W -00 —apcs=interwork -4 % include -1\ Ninclude
"generated -|..\. .\ Nincludeconfig -\ Nincludetdrivers - archhamtinclude <. eemel

1):4 I Cancel | Defaults | Help |

Figure 14 Setting include path
Note : Refer to the engineering setting of kelis_example/adc

(7) Setting Linker options

r
Cptions fer Target 'ugelis_deme’

Devicel Targetl Uutputl Listingl User | C/CH | hs=m Linker |Debug I Utilitiesl

[~ Use Memary Layout from Target Dialog X/0 Base: I
[~ Make RW Sections Position Independent R/D Base: I[M}Dummu
[~ Make RO Sections Position Independent Base |BCO100000

[” Dont Search Standard Libraries
¥ Report ‘might fail' Conditions as Emors

disable Wamings: I

Scatter ugelis_demo sct B |

File:

Edit... |
Misc -dizg-suppress=L6314 -
controls L
o
Halp |

Linker |-cpu Cortex-M4fp "o
control  |ibrary_type=microlib —strict —scatter "ugelis_demo sct”

string

1):4 I Cancel | Defaults |

Figure 15 Setting Linker option

(8) Setting Debug option

Edgeless Semiconductor Co.,Ltd. of ZhuHai 21 /42
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Options for Target "usb_fatfs_demo’

=5

Dlevice I Target I Output I Listingl Uze

r | c/ct+ | Asn | Linker Debug |Utilities|

Initiglization File:

" Use Simulator Settings | o gEe: IJ-LINK / J-TRACE Cortex | |Settings
[~ Limt Speed to Real-Time
v Load Application at Startup ¥ Run to main{) [~ Load Application at Startup [~ Fun ta main|

Inttialization File:
.ADbag_Imit.ini

Restore Debug Session Settings

| B IG

F

igure 16 Setting debug option 1

Restore Debug Session Settings
v Breakpoints ¥ Toolbax ¥ Brezkpoints ¥ Toolbox
v Watch Windows & Peformance Analyzer v Watch Windows
[ Memory Display V¥ System Viewer ¥ Memory Display ¥ System Viewer
CPU DLL: Parameter: Driver DLL: Parameter:
|SﬁF{MCM3.DLL | -MPU |S)\F{MCMB.DLL |—I'u'IPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
IDCM.DLL |-pcru14 ITCM.DLL I-pCI'u'I-I
0K I Cancel | Defanlts | Help |

Cortex JLink/)Trace Target Driver Setup
Debug |Trace IFlash Downloadl
~J-Link / T-Trace Adapter ——— ~35¥ Dewvice
SH: IDCODE | Dewice Hame | Movwe
Deviee:| TLink SWDIU| 3 0c2BAD. . AEM CoreSight SH-TE Up |
Hi : | ve.40 d11| ¥4.95b D°‘“‘|
F = i :
ort: Max \ {¥ Automatic Detectic IO CODE: I
[ex x| Jem x| |} © Memmsl Configwati Device Hame: |
K fte CLi| add | Delets| wpaste| IR len: |
1‘"“"‘—--._ J—P/
Connect & Reset Options Cache Options lownload Options
conmect’ [Ho lezet! INormal LI ¥ Cache Code [~ Verify Code Downlo
[T Beset after Comn [¥ Cache Memory I Download to Flash
A "
—Interface TCE/IFP Mize
Hetwork Settings
¢ UsB " TCR/TF TP-Addras Fort Autodetectl TLinlk InfoI
Sean 127 . 0 o 1 o
| | Ping | TLizk Cnd|
State: ready
TR e | o mREw |
Figure 17 Setting debug option 2
(9) Setting Flash option
Edgeless Semiconductor Co.,Ltd. of ZhuHai 22 /42
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Cortex JLink/JTrace Target Driver Setup u
Debug I Trace Flash Dowrload I
#Aowrload Funetion ———, Eil for Algorithm
LOAD (" Erase Full C [V Frogram
¥ " Erase Sector [ Verify | sart: [0x20000000  ize: [0xG000 I
€ Do not Erase | Reset and Eun

—FProgramming Algorithm
escription | Dewice Size | Device Type | fddres=s Range
GMETZ1 SDESM 1EM 1EM On—chip Flash CO000000H - COFFFFFFH
] [Tl r

tart: I ize: I
hdd Eemawe |
e mE | mEw |

Figure 18 Setting Flash option

(10) Setting Utilities option

i Y
COptions for Target 'usb_fatfs_demo’ g
Device | Targzet I Output I Listingl User I C/CHt | h=m I Linker I Debug Utilities
— Configure Flash Menu Command
¢ |Jse Target Driverfor Flash Programming W Use Debug Driver /}
— Use Debug Driver — Settings | [~ Update Target before Debugging I
Init File: Edit...
, | T ]
: " |se Extemal Tool for Flash Programming
|| Command:l |
L
Argumerﬂs:l
1 [ Run Independent
i
H
| — Configure Image File Processing (FCARM):
| Output File: Add Output File to Group:
| P =l
I Image Files Root Folder: I [™ Generate Listing
H
H

: u):4 I Cancel | Defaults | Help |

Figure 19 Setting utilities option
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3. Flash Burning and Starting
3.1 uGelis Burning

flash

—= 0x10000000

w |
= —= 0x10001000

(fixed)

B0K
(FIEE)

—= 0x10010000

84K |
(FTEEE)

8~16M =
(TEmE) -

2K —
(TEE) |

-

Figure 20 Flash partition diagram
e Flash partition :
Info partition: used to store partition information, fixed at the start of flash,
and the partition size is fixed to 4K;
Info partition data format :

Struct Info

//total partition number

Uint32_t part_num;

// partition 0: Flash storage location , realsize, address where data is loaded
into memory (optional)

Uint32_t info_addr;

Edgeless Semiconductor Co. Ltd. of ZhuHai 24 /42
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Uint32_t info_size;

Uint32_t info_load_addr;

// partition 1: Flash storage location , realsize, address where data is loaded
into memory (optional)

Uint32_t bootl_addr;

Uint32_t bootl_size;

Uint32_t bootl_load_addr;

// partition 2: Flash storage location, realsize, address where data is loaded
into memory (optional)

Uint32_t system_addr;

Uint32_t system_size;

Uint32_t system_load_addr;

// partition n: Flash storage location, realsize, address where data is loaded
into memory (optional)

...other partitions

<Padding...>

Bootl partition: bootl data, partition location and size can be configured;

System partition: ugelis data, partition location and size can be configured;

Other partitions: data / priv_data / weights and other data can be stored, and
the partition location and size can be configured;

e of which :
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BootO is stored in OTP. After the chip is powered on, it starts from boot0,
which is responsible for loading boot1;
Bootl is stored in flash and is responsible for loading the system;

System is stored in flash, which is the main program of ugelis.

3.2 OTP Buring

If you need to power on and start normally, you need to confirm that the OTP
program of the chip has been written (the chip that the customer gets has
written the OTP program);

If you only need ide to download ugelis program to debug, you do not need to

burn OTP.

3.3 u@GelisFlash Use

Place the ugelisflash tool in the directory of ugelis \ tools \ ugelisflash, and click

. 5 uGelisFlash.exe L
theicon = to start using it.

Ugelisflash is a flash tool, which burns info.bin, bootl.bin, system.bin and some
application files to the specified location of flash.

The current root directory of ugelisflash tool has the default partition file
config.ini which covers the partition information and the real size of each
partition. The ugelisflash tool will automatically generate the info partition file
according to config.ini Therefore, if the partition file layout and the partition

file size are updated, you need to re burn the info partition. If you need to
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customize partition, you can change its contents;
The meaning of each field in Config.ini is as follows :
/* Config.ini */

[PARTITION_COUNT] - total partition number ,

COUNT=9

[PARTITIONX] - partition n, start with 0
NAME=info - partition name
SIZE=0x1000 - partition size
FILE=info.bin - partition file name

LOAD_ADDR=0 - address where data is loaded into memory (optional)

Edgeless Semiconductor

F uGelisFlash - - - l = i

Partition Information
No. Part Name Part Start Addr Part Length Part File File Length '
info Ox10000000 0x00001000 (4K) info.bin 0x00001000 (4K)

bootl Ox10001000 0x0000F000 (B0K) boot1.bin 0x00001594 (5K) E
system Ox10010000 0x00040000 (256K) systern.bin 0x0000336¢ (12K)
body_weights 0x10050000 0x00500000 (5.0M) bodyimpyolo/ful_wei...  0x00459370 (4.3M)
body_cmd 0x10550000 0x00001000 (4K) bodyimpyolo/generat... 0x00000378 (1K)
body_input 010551000 0x00040000 (256K) bodyimpyolo/input_fp... 0x00024c02 (147K)
gest_weights 0x10591000 0x00500000 (5.0M) gesimpyolo/full_weigh... 0x0045cf98 (4.3M) -

’ Select Al ] ’ Select None

Flash Size

@ 16M ©32m

Connect Mode

@ USB (GreeLink)

Serial CoM1

TCP/IP 0%

Start
Clear Message

Figure 21 uGelisFlash
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Use: configure the config.ini file, open the tool, select the required burn
partition, select flash size, and click start. The tool burns the program file to the
designated location of flash according to the config file. After using this tool to

burn, you can start to complete Al function in keil by calling .OPS file content.
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4. Compiler Use

Easynet compiler is a cross platform tool suite for neural network model
compilation, forward computing, simulation, demonstration and other functions.
Using this tool, it is easier and more efficient to run Al applications on the

embedded side.

4.1 Feature

e Support model framework: Keras
e CNN features supported:
- support convolution kernel sizes 1-7
- supports a maximum of 512 channels
- supports Relu, Leaky Relu, Batch Norm
- supports max pooling of 2x2, 3x3
- 256Kb SRAM (4 banks) and 32KB SRAM (SPAD) accessible externally
e Application:
- gesture recognition
- body recognition
- face recognition

- voice key
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4.2 Compiled Model

4.2.1 Compiler operator

operator support | kernel_size | stride | channel padding
1~6 1~3
Conv v
7 2
BatchNorm v
Relu v
LeakyRelu v
AveragePool v ‘same’ ;
1024
MaxPool v 2x2; 3x3 2 'valid'
Depthwise v
FullConnect v
Route v
Shortcut v
Upsample v

The compiler supports the compilation of the above operators. The model
composed of the above operators can be compiled in theory, such as RESNET

network.

4.2.2 Verified network

The following similar networks have been verified by simulation :

Edgeless Semiconductor Co.,Ltd. of ZhuHai 30 /42



- /’_q
CdQ@L\— Edgeless Semiconductor

‘Tinyyolov3
‘Tinyyolov2
‘Mobilenet
‘Mobilenet-ssd
-Posenet

‘Insightface

4.3 Function introduction

The compiler is placed in ugelis\tools\compiler\ easynetcompilerO0b02-.zip. A
fter decompression, open the compiler directory easynetcompiler00b02, dou
ble-click to run env init, double-click to run start_compiler.bat, and the com

piler interface pops up.

4.3.1 Main Function

>< COMPILE

- PREDICT

- DEMO

. - ANALYSIS

figure 22 major function

e COMPILE
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- compile the model into binary file and copy it to small machine
side for use
e PREDICT
- give the model an input, do forward operation, and view the
output results of each layer
« DEMO
- do Easynet post-processing according to the input, and visually
display the demonstration screen
e ANALYSIS

- parse operation to help debugging

4.3.2 Compile

Compiler input

Keras model compilation: easynetcomputer supports the conversion of keras to
Easynet model, HDF5 can be converted into .cfg and .wt files that can be executed
by compile.

Compiler output

The binary storage location of the compiled output is output / seq_ai.ops, which
contains the command sequence (cmds) and the weight after quantization. After
the compilation is successful, the seq_ai.ops is written to the EAI chip, loaded,
parsed and run by the program to complete the corresponding CNN network

automatic operation.
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Interface operation

compile the keras model:

(1) Select keras in type;

(2) Select the existing keras model, the .H5 file;

(3) Support level by level cross layer optimization compilation: select
compile level, recommend level 1, use level 0 when level 1 compilation is
not successful, do not recommend Level 2;

(4) Select Yolo according to the model requirements, and set the
parameters in the purple box according to your own model. If Yolo is
checked, there will be op-yolo operator in the final ops;

(5) Start compile;

) ! o -~

Type Keras WEIGHT_DEFALLT Level2
. Yolo @ PREDICT
Model Jdemo/ting-yolov3-personhs
Config output'\keras2easynet.cfig .
G |
ompile _ DEMO
Weight output'\keras2easynet.wt
52 ANALYSIS
anchars 513,1539, 37,72, 46136, 90154, 171,171
mask 345012
% MODEL
classes 1
labels person
)
thresh 03 &~ TOoOL
nms_thresh 03
version v3
200103 Edgeless Semiconductor Co,LtdOF ZHUHAL

Figure 23 Compile GUI

(6)  The compiler will first automatically convert the keras model file to
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Easynet's .cfg and.wt

(7) Wait for compilation to complete prompt box ;

5| Information li—E-J

'-6-' Successful: compiled output is save to (output\seq ai.ops)

0K

Figure 24 Compilation to succeed

The compiled file is seq_ai.ops, which is stored in the output directory

4.3.3 predict

Predict input

The input format is .in file supported by Easynet.

You can also select a picture file directly. The compiler will automatically convert
the picture to an. In file

Predict output

The output result is the calculation result of each layer of neural network. By
selecting different layers on the interface, you can switch to the corresponding
output result.

Interface operation
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Q®
Input .J.Jexamplesftirwolofﬁsheye_ﬂpd Predict Layer:

=< COMPILE
Depth:

@ PREDICT
Shape:
Weight:

== DEMO
MOPS:
Simuliew: HexFormat ——

oo ANALYSIS
ForwardKit: Easynet

% MODEL
max:
mir: TOOL
aver:
X h_s 0
¥ v_s

channel 0

=
0 =
=

Figure 25 Predict

The output result is as follows

corresponding layer
ayer:

int result of simulation

Figure 26 Predict result

Input  outputiin_float32 bin - Predict
float result (2 adivation
t + + + + + + + Depthe 33
=| rhe ! 000 =| 001 =| ooz =| 003 J 004 ! 00s =| 008 =| 007 =| Shape: 32124112
| 000 | -0.0000 | ©.1390 | 0.1409 | 0.1356 | 0.1342 | 0.1308 | 0.1270 | 0.1284 | Weight:
|oor | 1.8997 | 4.1102 | 4.1131 | 4.1035 | 41018 | 41088 | 4.1185 | 4.1107 | )
| ooz | 1.6780 | 4.0701 | 4.0705 | 4.0819 | 4.0536 | 4.0502 | 4.0542 | 4.0%85 | MOPS:
| 003 | 18370 | 40023 | 38904 | 39828 | 39784 | 39858 | 39823 | 39584 |
| 004 | 1.5896 | 3.9456 | 3.8269 | 3 9146 | 3.9128 | 3.9207 | 3.9353 | 3.9527 | Simuview: HexFormat
| 005 | 1.5879 | 3.9615 | 3.9497 | 39611 | 39791 | 3.9083 | 3.9858 | 3.9873 |
| 008 | 1.8271 | 4.048% | 4.0810 | 4.0774 | 4.0893 | 4.0850 | 4.0805 | 4.0233 | Forwardit: Easynet
| 007 | 1.8285 | 4.0810 | 4.1080 | 4.1279 | 4.1206 | 4.0986 | 4.0616 | 4.0254 | . .
difference of two results

J/max 011835 1\ 203418

} mie 004157 301584
| rhe | 000 | oo1 | ooz | 003 | 004 | oos | 006 | 007 |

‘aver; 000752 Export
| 000 | 0.0000 | 0.1523 | 0.1523 | 0.1408 | 0.1289 | 0.1283 | 0.1289 | 0.1289 |
| 001 | 1.6797 | 4.0547 | 4.0864 | 4.0547 | 4.0430 | 4.0547 | 4.0781 | 4.0547 |
| 002 | 1.6445 | 4.0039 | 4.0156 | 4.0039 | 4.0039 | 4.0039 | 4.0038 | 4.0039 |
| 003 | 1.8172 | 3.9570 | 3.9336 | 3.9336 | 3.9336 | 3.9219 | 3.9102 | 3.8984 |
| oo4 | 1.5703 | 3.8984 | 3.8867 | 3.8750 | 3.8633 | 3.8750 | 3.8750 | 3.8984 | x 0 hs 8 ] :|
| 005 | 1.5703 | 3.9102 | 3.0102 | 3.9102 | 39219 | 3.9336 | 3.9453 | 3.9219 |
| o0& | 18055 | 39322 | 40039 | 40156 | 40430 | 40430 | 40039 | 39805 | g o 3 =
|oo7 | 1.5938 | 4.0312 | 4.0884 | 40781 | 40781 | 40430 | 40156 | 39835 | ¥ Vg :I

chamnel 0 =

« each layer can be selected for printout, layer 0 is selected herelayer

Conv layer is used as data printing layer

« Depth represents the depth of the input network model

« Shape represents the output size of this layer
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As shown in the figure above, on the PC side, the forward calculation result of
floating-point number and the integer calculation result of KDP simulation

(displayed in floating-point).

channel 0 il

Figure 27 Detailed explanation results
e xindicates the starting position of the x-direction printed value in the
output value of this channel , h_s indicates the number of lines printed. It is
easy to display here and 8 is selected; ;
« yindicates the starting position of the y-direction printed value in the
output value of this channel , v_s indicates the printed column, which is
easy to display and 8 is selected ;

e channel indicates the number of channels output.
4.3.4 demo

The current demo only supports Yolo post-processing.

Demo input

The input has been determined during the compilation and prediction phase
without additional input.

Demo output

Output the original image and corresponding result box and text result.
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Interface operation

Post PostYolo Post
BaseDir . >< COMPILE ‘

@ PREDICT ‘
. DEMO ‘
% ANALYSIS ‘
% MODEL ‘

) TooL ‘

figure 28 demo interface
4.3.5 analysis
Analysis input
Input has been determined during compilation, no additional input is required.
Analysis input
The output is the model structure and specific parameters of the network model

on the EAI chip.

Interface operation
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ops .. Parse

1111 conv < COMPILE
QF_THFUT active

0

2

0F_LATER b:ol ;

OF_DATAFETCH ’ 3 O PREDICT =
3

= S—

T filter_size

F_VRITEOUT o 201
0P _DATAFETCH e

T total_rol_rum 224 _ DEMO

o azrzoun MR i
OF_DATAFETCH ¥

total_out_ch 24
OESHY total_out_row 112 ag
OF_YRITEOUT el s 12 oo ANALYSIS
OF_DATAFETCH -
OF_H¥
0P _WRITEOUT
OF_DATAFEICK MODEL
OF_HH
OF_YRITEOUT .
OF_DATAFETCH
OF_H¥ TOOL
OF_¥RITEOUT
OF_DATAFEICH
OF_H¥
0P _WRITEOUT
OF_DATAFETCH
OF_HH
OF_YRITEOUT
OF_DATAFETCH
OP_HH
OF_{RITEOUT -l

Figure 29 Analysis result interface
Click each level to see the specific operation or parameters of this level. When

debugging the program, it can help improve the efficiency of the R & D personnel.
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5.

a)

b)

Al Demo User Guide

Prepare the hardware and software work platform
JLINK connect the development board after connecting the computer ,then
power on
Demo burning
Copy config.ini in directory ugelis\tools\uGelisFlash_f6721b\images\ai to
ugelis\tools\uGelisFlash_f6721b , open ugelisflash , click start to burn file.After
burning, power off and power on the demo to start.
Keil debug

First, burn the weight to flash through uGelisflash (if you have done demo
burning, you can skip this step, and the weight only needs to be burned once).
Click flash_all.bat in ugelis\kelis_example\ai_example\ai directory to open
ugelisflash, configure the config.ini, and click start to burn
Then open the project file in ugelis\kelis_example\ai_example\ai\mdk_80
directory, click compile, download, debug in sequence to enter debug mode,
set breakpoint, and click SRART to start debugging program.

The following figure will appear during the first download. Select No:
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EJ] J-Link v4.98b Device Selection 53

The zelected device "FEFZTBLOFPE0" iz unknown to thiz verzion of the J-Link zoftware.

I miogt cazes, thiz iz not a problem and can be zafely ignored.

Proper device selection is required to uze the J-Link internal flash loaders

for flagh download or unlimited flash breakpoints.

For zome devices which require a special handling, selection of the corect device iz impartant.

Do you want to manually select a device 7

| caze of doubt, click "Moo

Yes | Mo |

Figure 30 Download Block diagram
If you have modified the program and want to burn the demo to flash again,
you can click CCC in the flash_app.batdirectory to open ugelisflash, configure

the config.ini, and click start to burn.
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6. Question and Answer

Q1 : ugliesflash Burning Filed

Answer :

a : Try several times more, power off and on quickly, then click start immediately

b : Confirm whether J-Link is connected correctly and open J-Link commande. The

following figure shows the display of J-Link commande in different situations ;

[SEGGER J-Link Commander U4.28h (*?* for help)
[Conpiled Apr 18 2815 20:16:11
rcion U4.98h. compiled Apr 18 2015 20:15:52

UTarget = 3.3110
Info: TotalIRLen = 7, IRPrint - Bx..ARPAAAAAARAADARAADABAADA
Info: TotallRLen = ?, IRPrint - Ox..000AEOOOOBEO0OBEO0OBEO00
Ho devices found on JTAG chain. Trying to find device on SWD.
: Found SWD-DP with 1D Bx2BA@1477
: Found Cortex-M4 rBpl, Little endian.
: FPUnit: 6 code (BPY slots and 2 literal slots
: CoreSight components:
: ROMTh1 B G EPOFFOED
: ROMTh1 @ [81: FFFBF@AM, CID: B1MSEAAD, PID: PABBEAAC SCS
: ROMTh1 B [11: FFFB2808, CID: Bi@SE@AD, PID: G@3BBAE2 DHT
: ROMTh1 @ [21: FFFB38@@. CID: BiASEAAD. PID: PA2BBAA3 FPB
: ROMTh1 @ [31: FFFB18@0, CID: B1@SEGAD, PID: GA3BBAAL ITH
: ROMTh1 B [41: FFF418@@, CID: B1@5984D, PID: BA@BEYAL IPIU
[Cortex—M4 identified.
Target interface speed: 180 kHz
LJ-Link>

Kl J-Link Commander == ]

Figure 31 Proper connection

SEGGER J-Link V4.98b - Emulator selection £3

Mo emulators connected via USE.
Do you want to connect to aJ-Link via TCPAP instead 7

Connechon method:

IP j | Infa

es Mo |

Figure 32 Error connection 1

Figure 31 shows that the connection with PC is error.
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[SEGGER J-Link Commander U4.98b ('?' for help?
IConpiled Apr 18 2015 2@:16:11

IDLL v ion U4.98b, compiled Apr 10 2815 2@:1!
Firmware: J-Link U? compiled May 22 2015 17:2

Feature(s>: RDI. GDB. FlashDL. FlashBP. JFlash

UTarget = 3.298U

Info: TotallRLen = 7, IRPrint - Ox..@0P0AEOREARENEARERAAEEAA
Info: TotallRLen = ?, IRPrint - Ox..A0ABABAAGABANGABAAGABAAA
Mo devices found on JTAG chain. Trying to find device on SWD.
Mo device found on SWD.

Trying to find device on FINE interface.

Mo device found on FINE interface.

Did not find any core.

Failed to identify target. Trying again with slouw <4 kHz)> speed.
Mo devices found on JTAG chain. Trying to find device on SWD.
Mo device found on SWD.

Trying to find device on FINE interface.

Mo device found on FINE interface.

Did not find any core.

WJ-Link>

Mo device found at all. Selecting JTAG as default target interface.

Figure 33 Error connection 2

Figure 32 shows that the connection with development board is not good

C : Modify the path of the SDK. The path should be local, not Chinese. Make sure it

is English.

Q2 : Build or Download Error

Answer : Confirm whether the environment of the project is configured correctly.
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