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ABSTRACT

ABSTRACT

With the development of network technology, embedded systems and network
communication technology combined with each other more and more closely.
Embedded real-time operating system should not only meet requirements of real-time
system but also to meet the network communication service quality. In the scheduling
process of kernel, the system should not only rapid response system of real-time task,
but also compatible with network transmission characteristics. The introduction of the
network protocol stack based on embedded operating system has become the inevitable
trend of the embedded system devel opment.

In this paper we made a thorough investigation and study in kernel scheduling
algorithm, conducted in-depth study of UCOS-I1(MicroC/OS-11) embedded real time
operating system, and propose a new kernel scheduling policy. The main contents are as
follows:

1 Anew kernel scheduling algorithm was proposed

The new scheduling algorithm combined the advantages of Task Priority based
scheduling algorithm and Time Slot Cycling based scheduling agorithm. The task 1D
was automatically managed, which provide a user-friendly interface. This algorithm
effectively mitigate the defects of the original UCOS-11, which has only a few tasks,
multiple tasks was not supported in the same priority level, and did not support priority
inheritance, etc. Experiments showed that the efficiency of the new kernel scheduling
algorithm has been significantly improved.

2 UCOSHI'sdynamic memory management strategy wasimproved

The dynamic memory management strategy provided by UCOS-I1 istoo simpleto
achieve high memory usage efficiency. This paper improved the dynamic memory
management strategy of UCOS-1I and implemented a size variable dynamic memory
management strategy. Using this new strategy, the memory can automatically merge
together after been released, which provides users with convenient and stable interface
functions.

3 Developed a network protocol stack for wireless meter reading system based on the
new embedded kernel

We completed the new kernel porting, driver development and the underlying
network protocol stack development based on hardware of wireless meter system. The
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entire protocol stack is divided into five layers, and it integrates with the traditional
TCP / IP protocol. The network protocol stack implemented a network communication
protocol which is compatible with 1Pv6, and capabilities of reliable data delivery,
automatic networking and dynamic routing were achieved. After severa tests, the
system has good performance, fully meet the relevant national convention. In the
network transmission environment, the new kernel has greatly improved the efficiency
of the system.

Key words. Embedded Systems, Kernel Scheduling, Dynamic memory
management strategy, Network protocol, Wireless meter reading system, |Pv6 Protocol
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signed long INT32S; /* Signed 32 bit quantity*/
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typedef unsigned char  OS_STK; /* Each stack entry is 8-bit wide*/

typedef unsigned char OS_CPU_SR;

OS_CPU.H OS_ENTER_CRITICAL() OS_EXIT_CRITICAL()
UCOS-II
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STI
OS_CPU_SR_Save() 0OS_CPU_SR_Restore()
cpu_sr ATmega
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OS_EVENT *BufTxSem; I

INT8U *BufTxIn; 1

INT8U *BufTxout; I

INT8U BufTX[COM_Tx_SIZE], /I
} OS_COM_BUF,;

NumOfRx/ NumOfTx
BufRxIn/ BufTxIn  BufRxout/ BufTxout
BufRxSem/ BufTxSem
BufRx[COM_Rx_SIZE]/ BufTx[COM_Tx_SIZE]
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void nrf905_Config( UINT16 Channel_Bytes)

I NRF905

UINT8 nrf905_SpiRead()

Il nrf905

void nrf905_SpiWrite(UINT8 val)

I SPI val nrf905

void nrf905_SetRxAddr(DWORD RX_ADDR)

Il nrf905 void nrf905_ReadRxA()
void nrf905_SetTxAddr()

Il nrf905 void nrf905_ReadTxA()
void nrf905_SetData()

Il TxBuf[32] nrf905 32

void nrf905_SendData()
I

eeprom lC

eeprom
void EEPROM_Write_Byte(unsigned int eep_addr, unsigned char eep_date)

I eeprom

unsigned char EEPROM_Read_Byte(unsigned int eep_addr)

Il eeprom
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CTS ACK DATA MAC
32
2 30
MAC
MAC BC
CTS ACK DATA

RTS

typedef struct {
UINT8  FrameType; IIMAC RTS
UINT8  Num; Il 0
DWORD DesAddr; I MAC
DWORD SourAddr; I MAC
UINT16  TxTimeNeeded; I
UINT8  PartNum,; I

} ZMAC_RTS; IIRTS

CTS

typedef struct {
UINT8  FrameType; IIMAC CTS
UINT8  Num; Il 0
DWORD DesAddr; I MAC
DWORD SourAddr; I MAC

UINT16  TxTimeNeeded: Il
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0x02 ACK

UINT8  PartNum:;
}ZMAC_CTS;

RTS CTS

MAC FrameType

0x03 BC

ACK
typedef struct {
UINT8  FrameType;

UINT8  Num;
DWORD DesAddr;
DWORD SourAddr;

UINT8  PartNum;

BOOL PartRXed[9];
} ZMAC_ACK;
ACK BOOL
32 ACK
True
BC
typedef struct {

UINT8  FrameType;
UINT8  Num;
DWORD SourAddr;
UINT8  PartNum;

UINT16 FramelLength;

I
IICTS

Num
DesAddr
MAC

0x04 DATA 0x05

IIMAC ACK
1 0x00
I MAC

I MAC

1l

IIACK

IIACK

PartRXed[9]
PartRXed[]

False

IIMAC BC
I BC

I MAC
I

1IBC
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} ZMAC_BC; IIBC

BC
BC
32 BC FrameLength BC
Num BC PartNum BC
DATA

typedef struct {
UINT8  FrameType; IIMAC DATA 0x05
UINT8  Num; I

} ZMAC_DATA,; I

MAC 30
9 270
FrameType
RTS PartNum-1 MAC
void ZMAC_Receivelnterrupt(void);
IIMAC MAC MAC FrameType
MAC
void ZMAC_FrameConstruct(UINT8 Type, DWORD DAddr, UINT16 Length);
Il MAC MAC txDataBuffer[270]
void ZMAC_FrameSend(UINT8 Type,UINT8 *pData);

Il MAC ZMAC_FrameConstruct() MAC

BOOL ZMAC_PacketSend(UINT8 Type, DWORD DAddr, UINT8 *pData, UINT16 Length);

I pData MAC
ZMAC_FrameSend

MAC
4.10 411
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Internet
128bit  IPVv6
IP
#ifndef IPV6 /I
II'P 14 bytes
typedef struct {
ip_addr_tsrc_ip; Il
ip_addr_tdst_ip; Il

UINT16 checksum; I
UINT16 pload_len; Il
UINT8  next_header; Il
UINT8  hop_lim; Il

}IP_HDR;

#else [/ IPv6

II'1Pv6 40 bytes

typedef struct {
UINT32 ver4; Il

UINT32 traffic_class:8; Il
UINT32 flow_label:20; Il
UINT16 pload_len; Il
UINT8  next_header; Ik
UINT8  hop_lim; Il
ip_addr_tsrc_ip; Il
ip_addr_tdst_ip; Il

}IP_HDR;
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32

#endif
IP ip_addr_t
128 checksum
IP CheckSum() IP
16
32 MAC IP 32 MAC
IP 128 128Dbit
00000 00000 OxOOFF MACHLHL:
NN
4.12 IPv6
IP IP 0-31 MAC 32-47 1 0
ARP/RARP

ip_addr t MAC2IP(mac_addr_t mac)
Il MAC IP IPV6 32bit IP
128bit  IPv6

mac_addr_t IP2MAC(ip_addr_t ip)
I 1P MAC

IP MAC

BOOL EqualMAC(mac_addr_t m1, mac_addr_t m2)

/Iml m2 MAC True False

BOOL EquallP(ip_addr_tipl, ip_addr_tip2)

Ilpl  p2 IP True False
IP IP
2 IP IP
IP
typedef struct{

#define TX_DATA_ITEM_CNT (1)
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#idefine TX_CMD_ITEM_CNT  ((1000-sizeof(IP_TXPKT_DATA)*
TX_DATA_ITEM_CNT)/sizeof(IP_TXPKT_CMD))
IP_ TXPKT _CMD tx_cmd_item[TX_CMD_ITEM_CNT]; //
20

IP_TXPKT_DATA tx_data_item[TX_DATA_ITEM_CNTJ; //

}IP_TXPKT Q: Inp

IP 1
UCOS-II UCOS-II
IP
20 IP IP ICMP
ICMP IP
IP
BOOL IP_RecvPacket(UINT8* ip_pkt, UINT16 length);
Il IP IP
ICMP UDP
BOOL IP_SendPacket(ip_addr_t* src_ip, ip_addr_t* dst_ip,
UINT8 nextheader, UINT8 hop_lim,
UINT8* payload, UINT16 pload_length,
UINT8 count_down,
UINT8 max_resend_cnt);
NP txDataBuffer[]
BOOL IP_RfTx(UINT8* ip_pkt, UINT16 length)
I IP MAC
ZMAC_PacketSend()
ICMP

eeprom
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IP IIC eeprom
ICMP

typedef struct {
IP_TXPKT_Q iptx_g; Il'ip
mac_addr t mac; Il mac
ip_addr t ip; Il ip
ip_addr_t parent_ip; Il ip
ip_addr t bs_ip; Il IP
UINT8 bs_hop; Il

UINT16 valid_life; Il

UINT16 re_valid_life[]MAX_NODES_CNT]; //

ip_addr_t invalid_bs_IstfMAX_INVALID_BS CNT];, //

int invalid_bs_Ist_life[MAX_INVALID_BS_CNTJ;//

}LOCAL_CACHE; 1

iptx g IP bs_ip
bs_hop parent_ip ip

bs_hop parent_ip
LOCAL_CACHE ( ) invalid_bs_Ist[]

ICMP

typedef struct {

#ifdef IPV6

UINTS type; Il ICMP 3
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UINTS code;

UINT16 checksum; I ICMP
#else

UINT8 type; Il ICMP 3
#endif

UINT16 length; // ICMP_PKT
HCMP_HDR; INCMP

3 ICMP ICMP_ROUTER_ADV
ICMP_NI_QRY ICMP_NI_RSP  ICMP_ROUTER_ADV

BC ICMP_NI_QRY
ICMP_NI_RSP
ICMP_NI_QRY ICMP
bs_hop IP bs_ip
ICMP

BOOL ICMP_SendPacket(ip_addr_t* dst_ip,
UINT8 hop_lim,
UINT8 type, ICMP_PLOAD* pload,
UINT16 length);
INCMP ICMP
hop_lim ICMP IP
IP IP_SendPacket()
BOOL ICMP_RecvPacket(ip_addr_t* src_ip, ICMP_PKT* icmp_pkt, UINT16 length);
INCMP ICMP
ICMP_NI_QRY ICMP_NI_RSP
ICMP_NI_RSP
ICMP_ROUTER_ADV bs_hop
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ICMP_NI_QRY

void ICMP_OnTimer()
l ICMP_ROUTER_ADV ICMP_NI_QRY

4.4.5
UDP(User Datagram Protocol)
UDP 2
UDP_PORT_RPRTTOPO UDP_PORT_APP UDP_PORT_RPRTTOPO
UDP_PORT_APP
eeprom P IP
typedef struct {
ip_addr t dst_ip; Il IP
ip_addr_t next_hop; [/ IP
} ROUTE_ENTRY; I
IP
IP
UDP UDP
typedef struct {
UINT16 src_port; Il
UINT16 dst_port; Il
UINT16 checksum; I UDP

UINT16 length; Il UDP
JUDP_HDR; //UDP
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UDP IP

UDP

BOOL FindRouteEntry(ip_addr_t* p_dst _ip,
UINT16 * p_index,

ip_addr_t* p_next_hop);

Il p_dst ip  eeprom Ture p_index
eeprom p_next_hop IP
False
FindRouteEntry() eeprom
p_next_hop p_index
eeprom

static void UART_RPRT_TOPO(TOPO_ENTRY* tp, UINT16 valid_life);
Il
void Rprt_Topo_OnTimer();
I UDP
BOOL UDP_SendPacket(ip_addr_t* dst _ip,
UINT8 hop_lim,
UINT16 dst_port,
UINT8* pload,
UINT16 length);
/[UDP IP IP
UDP_SendPacket()
BOOL UDP_RecvPacket(ip_addr_t* src_ip, UDP_PKT* p_udp_pkt, UINT16 length);
/[UDP
UDP_PORT_APP APP UDP_PORT_RPRTTOPO UART
UDP_PORT_DENY CACHRE_LOCAL

invalid_bs_Ist[]
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4.4.6
typedef struct {
UINT8 type; I
UINT16 pload_len;
} APP_HDR; i
app
App

static BOOL APP_SendPacket(ip_addr_t* dst_ip,
UINT8 hop_lim,
UINTS type,
UINT8 *pload,
UINT16 pload_len);
I
UDP_SendPacket()
BOOL APP_RecvPacket(ip_addr_t* src_ip, APP_PKT* pkt, UINT16 length)
Il
True False
void Get_Device_Actual_Num();
Jl APP_RecvPacket()
void Set_Channel_OnTimer();
Il
void Get_Certain_Record();

Il APP_RecvPacket()
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4.4.7

413

ICMP 3

UDP
IsValidCollector() IP
UDP_PORT DENY  UDP UDP
LOCAL_CACHE invalid_bs_Ist]
invalid_bs_Ist[]

ICMP_ROUTER_ADV ICMP
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