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Porting of Alios Things operating system based on MSP432

Yang Qishan, Han Deqiang
(Faculty of Information Technology , Beijing University of Technology , Beijing 100124 , China)

Abstract: The Internet of Things(IoT) contains a large number of embedded devices with low cost, low power consumption and net-
working functions. The Internet of Things operating system (IoT OS) can better adapt to such devices than the traditional operating
system. As a new loT OS in recent years, Alios Things integrates a variety of components and functions in the field of loT.
MSP432 series microcontrollers with Cortex —M core have the advantages of high performance and ultra —low power consumption.
Taking MSP432P401R microcontroller as an example, the porting method and process of Alios Things operating system can shed
light on other terminal devices of IoT which need porting operating system.
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41 ,
R AliOS Things ,
. “ 7 . 1 AliOS Things
) “ ! N AliOS Things
ALiOS Things , 1
\ . N ) 1.1 BSP
N N Bl BSP(Board Support Package , )

¢ ) ) 2021 47 11 —95
http://www.chinaaet.com



AR AR

http://www.chinaaet.com

| Example/APPs |
10T Protocols Seript g
FOTA | vData | AT (Alink, MQTT, CoAP) | Engine Utilities
| AOS API |
Kernel Protocol Stack Security
[Rhino][VFS][ LPM ] [ LWIP ][ SAL ]
[ Yloop][ KV ] [POSIX] [ uMesh ][ BLE ]
| HAL | BSP |
| CPU (ARM, C—Sky, Xtensa) |
1 ALOS Things
1.2 HAL
HAL(Hardware Abstraction Layer, )
BSP o
1.3 Kernel
AliOS Things , Rhino
Yloop . VFS(Virtual File
System , ) . , Rhino
1.4 Protocol Stack
o P , AliOS Things
LwlP  TCP/IP Socket SAL
(Socket Abstraction Layer, )o P
, BLE (Bluetooth Low Energy, )
LoRa o s
uMesh .
1.5 Security

TLS(Transport Layer Security ,
) TEE(Trusted Execution Environment,
), ID2 (Internet Device 1D,
) o
1.6 AOS API
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° , AOS
API , o )
AOS API ,
1.7
AliOS Things
FOTA (Firmware Over—The—-Air, ) .uData
VAT MQTT
(Message Queuing Telemetry Transport, )
CoAP(Constrained Application Protocol , ) -
2 AliOS Things
AlLiOS Things
JAOS APL SysTick
2.1
ALiOS Things
MSP432P401R  Cortex—MA4F IAR for ARM
platform\arch\arm\
armv7m\iccarm\m4 | 4 :k_types.h \port.h |
port_c.c  port_s.S,
k_types.h N
, C99 stdint.h
, C char | int )

. sem_count_t  ctx_switch_t
typedef uint32_t sem_count_t;

typedef uint64_t ctx_switch_t;

port.h
s port_c.c port_s.S
port_c.c C
cpu_task_stack_init() .
. Cortex—M4F
° , , RO-
R3 \RI12 \LR( ) PSR ( ).S0-
S15  FPSCR( )
, R4-R11 S16-S31
. s cpu_task_stack_init()
stk ,
(1)PSR 0x01000000 , Thumb o

*(——stk) = (cpu_stack_t)0x01000000L ;
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(2)PC( )
*(—=-stk) = (cpu_stack_t)entry ;
(3)LR krhino_task_deathbed ()
*(—=stk) = (cpu_stack_t)krhino_task_deathbed ;
(4) R12 \R3-RI1 ,
*(—-stk) = (cpu_stack_t)0x12121212L;

*(—=stk) = (cpu_stack_t)0x03030303L ;
*(—=stk) = (cpu_stack_t)0x02020202L ;
*(——stk) = (cpu_stack_t)0x01010101L;
(5)RO o
*(——stk) = (cpu_stack_t)arg;
(6) FPU, S31-S16
*(——stk) = (cpu_stack_t)0x31ul;
*(—=stk) = (cpu_stack_t)0x30ul;
*(—=-stk) = (cpu_stack_t)Ox16ul;
(7)EXC_RETURN OxFFFFFFFD
*(—=-stk) = (cpu_stack_t)OxFFFFFFFDL ;
(8) R11-R4 ,
*(——stk) = (cpu_stack_t)Ox11111111L;
*(—=-stk) = (cpu_stack_t)0x10101010L ;
*(——stk) = (cpu_stack_t)0x04040404L ;

, port.h
port_s.S - cpu_intrpt_save()
cpu_intrpt_restore () CPSR ( )

cpu_intrpt_save:

MRS RO, PRIMASK

CPSID I

BX LR
cpu_intrpt_restore :

MSR PRIMASK, RO

BX LR

s cpu_task_switch () o
cpu_intrpt_switch() .
s PendSV

LDR RO, =SCB_ICSR
LDR R1, =ICSR_PENDSVSET
STR R1, [RO]
BX LR
cpu_first_task_start ()

PendSV 14
15 (PRI_15),
LDR RO, =SHPR3_PRI_14
LDR R1, =PRI_LVL_PENDSV
STRB  RI, [RO]
LDR RO, =SHPR3_PRI_15
LDR R1, =PRI_LVI_SYSTICK

(PRI_14), Systick

STRB  RI, [RO]
, PSP( ) 0, 8
MSP( )o
MOVS RO, #0
MSR PSP, RO
, MRS RO, MSP

LSRS RO, RO, #3
LSLS RO, RO, #3
MSR MSP, RO
s PendSV -
LDR RO, =SCB_ICSR
LDR R1, =ICSR_PENDSVSET
STR R1, [RO]

CPSIE 1

B

PendSV PendSV_Handler()
o PSP 0

o

MRS RO, PSP
CBZ RO,
cpu_task_switch ()

_pendsv_handler_nosave
cpu_intrpt_switch ()

’

cpu_first_task_start ()

BmART AR

o ’ o s

port_s.S

’

, _pendsv_handler_nosave

2.2
, BSP N
o MSP432P401R
TI MSP432 ,

o RO M_

ROM_Interrupt_enableMaster()
2.3
ALIOS Things HAL
s include\hal\soc
, HAL
HATL_ ,  SysTick

void HAL_SysTick_Init(void)
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{ int ret;
ROM_SysTick_enableModule() ; ret=(int)krhino_task_dyn_create ((ktask_t**)(& (task—>
ROM_SysTick_setPeriod (SystemCoreClock hdl)),name, arg, prio, 0, stack_size / sizeof(cpu_
/RHINO_CONFIG_TICKS_PER_SECOND) stack_t), fn, 1u);
} if (ret == RHINO_SUCCESS) { return 0; }
void HAL_System_Init(void) ERRNO_MAPPING (ret) ;
{ }
HAL_SysTick_Init() ; 2.6 SysTick
HAL_LED_Init() ; SysTick “ i ,
HAL_SysTick_Enable_Interrupt() ; s
ROM_Interrupt_enableMaster() ; , SysTick ,
} - Rhino
2.4 krhino_tick_proc (), SysTick
Rhino ’ krhino_ . , krhino_tick_proc ()
’ void SysTick_Handler(void)
o ALOS Things {
k_defauli_config.h krhino_intrpt_enter() ;
R kernel\ krhino_tick_proc () ;
rhino\core\include . krhino_intrpt_exit() ;
, , }
o 3
#define  RHINO_CONFIG_LITTLE_ENDIAN 1 MSP -EXP432P401R LaunchPad
#define  RHINO_CONFIG_CPU_STACK_DOWN 1 , LED ,
’ ° , XDS110 ,
\ \ \ USB ,
s N N R IAR Embedded
° Workbench for ARM 8.22,
, MSP432P401R ~ XDS110 , 2 o
k_config.h , k_defauli_config.h,
o k_default_config.h '| e —
#ifndef - #define - ,  k_config.h e g
! e Tugw | “Ovpt | Ty Conkureton” | oy Optone
Output Converter
2.5 AOS API Custom S Processor variant
ALiOS Things AOS API et Ocgre Sone
. a0s._ , grmbwr ® Device Texasinstruments MSP432P401R | |y,
CMSLS DAP Mone
include\aos . ﬂml O CMsiS-Pack
, o e Endianmode  Floating point settings
Rhino e e e EPU |VFPV4 single precision |
STAINK Big
, aos_init()  aos_task_new_ext() Third-Party Driver BE2 D registers |16
TS BEg
Advanced SIMD (NEON)
void aos_init(void) DSP Extension TrustZone
{
krhino_init() ; 2 IAR
} ’ ’
int aos_task_new_ext(aos_task_t *task, const char *name, ) ’ HAL
void (*fn)(void *), void *arg, int stack_size, int prio) AOS API ,
{ . s LED1_Blink Task
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BmART AR

LED2 Blink Task . , LED2_Blink_Task
LED1_Blink_Task . s aos_start()
b o 3

[ mgmersmmnit |

IE A

[ @I#{ESLEDI Blink Task |

!

[ @s4E5LED) Blink Task |

v

EEEEZEE

"]

LED1 LED2

300 ms 2 000 ms 5 LED1_Blink_Task
HAL_LEDI1_Toggle() ;
aos_msleep(300) ;
s gSysTime|[],
aos_now_ms|()

. LED1_Blink_Task

aos_now_ms () o

, gSysTime[ |

gSysTime| gArrayCount++ |=aos_now_ms() ;
LED2_Blink_Task S

aos_now_ms ()

1 gSysTime[] o
¢SysTime| gArrayCount++ |=aos_now_ms()+1 ;
100 ms ,
, LED1 LED2
o , IAR
Watch , 2Sys-
Time[ | s 4 o
¢SysTime[0]=1 gSysTime[1]=0 ,
s 0 ms s
LED2_Blink_Task 2 000 ms
,gSysTime[2]  gSysTime[7] LED1_Blink_Task
300 ms o 4 gSysTime[ 8] . gSys-
Time[16]  gSysTime[23] LED2_Blink_Task
2 000 ms . s 6 000 ms ,
,eSysTime[23]=6001  gSysTime[24]=

http:/§www.chinaaet.com

Watch 1
Expression Yalue Location
= gSysTime <array> 0=20000ED8
- [0 1 0x20000BDS
] 0 0=20000BED
= [2] 300 0=20000BES
[3 600 0x20000BF0
! 300 0=20000BFS
L 8] 1200 0x20000C00
[6] 1500 0x20000C08
— [ 1800 0=20000C10
= [8] 2001 0x20000C18
[9] 2100 0x20000C20
=~ [0 2400 0=20000C28
= 1] 2700 0x20000C30
- 07 3000 0=20000C38
— [13] 3300 0=20000C40
= 4] 3600 0x20000C48
Lo[g] 3900 0x20000C50
=~ [16] 4001 0=20000C58
- [17] 4200 0x20000Ce0
=~ 18] 4500 0x20000Ce68
[19] 4800 0=20000C70
= [20] 5100 0x20000C78
[21] 5400 0=20000C80
=~ [29] 5700 0=20000Ca8
- [23] 6001 0x20000C90
[ - [24] 6000 0=20000C98
[25] 6300 0=20000CAD
4 gSysTime
6000 o
, ALiOS Things s
N o
4
TinyOS Contiki ,
loT Bl
AliOS Things MSP432 s
. , AliOS Things
. MSP432 s
9 o
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