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[Abstract]

The WBAN technology means a short distance wireless network which provides each device’s interactive communication by
connecting devices inside and outside of body located within 3 meters. It is necessary to develop core technology that the WBAN
middleware and application service for WBAN sensor network. A device for gathering patient's biometric information was used zigbex
of Hanbaek electronics and we designed the message structure which is collected the biometric information. The gateway design and
implementation for the WBAN environment. The embedded system was HBE-empos II of Hanbaek electronics and the WBAN network
is implemented to BNC and BN that used for hbe-ubi-zigbex. It was confirmed that the proposed sensor gateway could be used for the

interconnection of the proposed system with other networks.
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e Apek
Micro -ATmegal28(program 128KByte RAM 4KByte

Controller | EEPROM 4KByte AD 10bit 8ch)
RF part ‘C.C2420 2.4GHz(IEEE 802.15.4 PHY)
-ZigBee/IEEE 802.15.4 Protocol
Security -DSSS
Tr]izfier -‘Maximum 250Kbps
-Non-preemptive thread OS
. ‘Low Power Management
TinyOS -Ad-hoc routing ap%)lication
-NesC compact code size
-NesC compiler
JHLEEA | -GNU AVR gec compiler

‘ISP downloader
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s Atk
CPU ‘Marvell PXA255(400MHz)
-Flash Memory : Intel StrataFlash 32MByte
Memory -SDRAM : 128MByte (32bit Access)
-SDRAM : 1MByte (256Mbit 4EA)
Serial -Full Function UART 1 Slot
‘Bluetooth UART 1 Slot
RTC -Epson RTC4513 Real Time Clock Module
TouchScreen | -Burr Brown ADS7836
System OS | -Embedded Linux 2.4.19
PrOgaM | 6\ Cross-Compiler
Language
DBMS -PostSQL 8.3.6
HTTPD -‘GoAhead WebServer 2.1.8
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Table 4. Specifications of host computer environment.
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HTTPD -Apache 2.2.14
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FOR 1 _ 0 TO 4 DO STK500 with top module ‘0z00° in ISP mode with ATmegalZg8
IF struct S Node Num(i].Dev_Weight = 0 THEN (Main | Proaram | Fuses | LockBits| Advanced | HW Setings | HW Infa | uto |
struct dSensor_INode Numj1f.Dev_vveignt i= Device
Eraze Device |
Extended_GTS_slot = 1
- - [ Erase device before flash programming Werify dewice after programming
W_sum =W _sum + Num[i].Dev_Weight Flash
ELSE @ InoutHEX File  [OpiEio_TestTesBeat¥builowzigberWain setdl.hex] ]
Extended GTS slot=0 [ Progsm ] [ ey ] [ fead J
ENDFOR EEPROM
— o .
38 7. clolef M&B0| wet GTS Elel 222 ¥Eshe =

Program Verlfy Read ]

el ojAb A= |
. . . ELF Production File Format
Fig. 7. The pseudo code for allocating GTS time slots

: Input ELF File: [ i ]
according to data rate. Save From: [Z/FLASH [ZFIEEPROM [FUSES [JLOCKBITS Fuses and lockbits
s B s
IF W_sum > GTSs THEN Erasing davice,, 0K &)
Prngramm\n%FLASH (0]« — |
IF n != 4 THEN Elfzgﬁ contents is EEIL?E’TIIU file,. OK
Leavmg programming mode,, Gkl =
FORn=1TO5DO
A nlels i TEISL=
GTSs=7 +2n If.:l 9. *o”oﬂ hex IS zigbex E_IUFOIﬁOH _io' |t s
Fig. 9. Porting procedure of compiled hex file to zigbeX
IF W_sum > GTSs THEN device
IF n =4 THEN
Call GTS Time Slot Shared Algorithm 12 78 BNC9F BN -3 of] #HE g W8 = 7P 73 28
ENDIF 72 B GTS B &% &+ datElss AHsh7] Hsl o
ENDIF ulo) 27} 712 dlolE AEEol wet GTS Bl &35 &9
ENDFOR 3= 48 YER = 2JAF = (pseudo code) ]t}
ELSE 1% 8 Tlufe] 27k 248k GTS 5o gk 7hA 7%
Call GTS Time Slot Shared Algorithm Ho] 22 AR Yol =1L doketes 3AS VJeRlE
ENDIF oA} =]t}

ELSE IF n != 0 THEN 1% 9% PAN Ft|v|oH % t]H}o]~E 913l nesCE 78
GTSs =7 # Hex 74918 tjulo] 220 8k 9192 we] Fa1 girk,
n=0
IF W_sum > GTSs THEN 3-4 Hpo|2 =& HIAIX]

IF n '=4 THEN
FORn=1TO 5 DO BN Z25E A t|o|EE 54317 2184 AH8-5 vle] 2
GTSs=7+2n EELS 7|EA 07 interactionColl A TAE wAIA] £4S 7}
IF W_sum > GTSs THEN A3 Qe ¥ 102 interactionCollA] 7% configuration
IF n==4 THEN _sampling_struct t 7-ZA|¢] T3]t} configuration sampling
Call GTS Time Slot Shared Algorithm _struct_t TEAE Zlo]E 9} tiulo] a7} BA1E 98] AR
ENDIF AR EAN PACKET CONFIGURATION, PACKET
ENDIF CONTROL, PACKET SENSOR DATA 5] 3714 9}%! €}
ENDFOR 2 ulo] & Bl A AREEE tEe] FRlol M AREE = 7]
ELSE Lo ARSI =
Call GTS Time Slot Shared Algorithm
ENDIF l‘ 'stxm | packetType |optType C?n al | Cond2 | ConfigDatal16 bytes] .. | etxm |

ELSE
END ‘ SensorData[0] | SensorDatal[1] ’ SensorData[2] ‘ | SensorData[8] ‘

ENDIF e |: General | General | General | General | General | General General | General

j-'_:él 8 7|.I:I:| A_LL‘I .LLE"OI _—I_,_ % EI'E J_lP( % I'El'I—H :: —glAI' Data[0] | Data[l] | Data[2] | Data[3] | Data[4] | Datal5] Data[14] [Data[15]
3= 38 10. configuration_sampling_struct_t 7=

Fig. 8. The pseudo code for determining variable Fig. 10. The structure of configuration_sampling_struct t.
superframe.
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typedef struct _configuration sampling_struct {
uint§ t  stxm; /0X7E
uintl6_t packetType;
uintl6_t optType;
uint§ t  subCmdl;
uint§ t  subCmd2;
union {
uintl6_t SensorData[8];
uint8 t GeneralData[16];
} ConfigData;
uint t  etxm; /0x7E
} _attribute ((packed)) configuration _sampling_struct t;

38 11. configuration_sampling_struct_t 7=
Fig. 11. The structure of configuration_sampling_struct_t.

X 4. configuration_sampling_struct_t 7z
Table 4. The structure values in configuration_sampling_
struct_t.

wHa My

stxm izl 2| A|&tE o|o|st= 2R}, 0xT7E 242 7+

PACKET_CONFIGURATION, PACKET_CONTROL,
PACKET SENSOR _DATA & stte| gt Z&tst=

Il =
w=

packetType

optType | A FaE M 252 SH(type)E HEM= 2E

CES
=28 259 R0 w2l 27| ct2 g2 7HXIA ==
subCmd

16bytes SEN2| SensorData[8] HH 22} 8bytes SHEN 2|
GeneralData[16] HH 2 2 union Ao 2 F2 HE F
M 250| M&Esh= HA HOIE{E2 -2 16bit &
E} £ 7IX| = 2 SensorData Hf 2 S AFS5+, 74

L /o2t #HE HESS L dEE FRol=
GeneralData Hi & S A2 &

ConfigData

etxm mjZl el g o|o|st= XL, 0x7E gt 7+

% 11 InteractionCollA] /3% configuration sampling
_struct_t TFRAQ] o) B3 A vl o) W golt} F 4=
InteractionCol| 4] -*3% configuration sampling_ struct t -3
A A A8 Bigol] ek Argolrt.

3-5 Al2| S HiAIR]

typedef nx_struct message t {
nx_unit8_t header[sizeof(message header t)];
nx_unix8 t dataflTOSH_DATA_LENGTH];
nx_unit8_t footer[sizeof(message footer t)];

b}

nx_unit8_t metadata[sizeof(message metadata_t)];

} message t;

WBAN Z|gte| o|2:& Ho|E9j o] F&of ek A7

BAN coordinator interfaces &3l Alo|Eo]<} BNC7} &
A& 7] $1ElAE RS-232 AlEE F4l WS ARESTh
TinyOSoNA = Al B4 2 RF 418 X7 = message t
TZAE ARSI 19 1291 22 725 7Tk

message_t 575 RF SA10L Al B4l B4 AL
|3 F AEE TEojA] glon oy Y7t A=
header D=, A A4E d]o|E]7} A== data D=, CRC A
AE A% footer BE 18] 31 A HE-E HX] AT H]A]A]
9] o] ARES Tl I+ metadata LEZ THJHTE Al
F21E SEME AlEE HEFIES] serialactivemessageC ol A
message t TS AHESHA] B ™ header Z =0l E0]71= U
8- serial_hader t 7-52A1E& ©]-83}A ¥}, serial header t T
ZAo] TE a7 137 2} dest ZEE AL HAAE
WA B sh=sel o] =45 vehir dubA o= 0xFFFF2]

< 7Ht sre YEE H2E Hule =29 471 79 d
o} length =+ header L E 9ol 2.+ data FH ] dol&E 1}
ERATE group type 2= 3 ab7]9e A8 E 1F of
o]t] 9} serialactivemessageC Q1E]FH| o]~ wjFol] W& A&

of v},

typedef nx_struct serial header {
nx_am_addr _t dest;
nx_am_addr _t src;
ns_unit8 t length;
nx_am_group_t group;
nx_am id ttype;

} serial header t;

33 13. serial_header_t #=x]
Fig. 13. The structure of serial_header _t.

vy Serial Port Packet Test Program Ver 1.5 By YouSoftech @
Making Packet Program Control
fscil / Hexa Table | STX(0x0Z) | ETX(0:08)
@  Open Port
Fectet ‘ © Port Configuration 7 Exit Poraram
© Ascil Packet  BinaryPacket @ Send Made Packet © Close Port

1 Byie Packet

EOT(0x04) | ENQUOKDG) | ACK(ORDE) | NAK(OK15) | STX(0:02) | ETX(Ds03) Etx Packet (Hexa). 0x00  Send 1Byte Packet

Packet List

(" Ascii Type Display ' Binary Type Display ¥ Save ToLogFiles ©  Save Tafils ©  Clear Packet List

|COM2(57600) GLOSED &l
[RECY (41)] <- 7E 45 00 FF FF FF FF 1G 00.97 00,0000 OF 00 07 005700 02 00 0200 0200 02 00 00 00 0100 0200 02 00 02 00 02 DS F
[RECV (41)] <- 7E 45 00 FF FF FF FF 1C 0091 00.00 00 OF 00 01 005600 02 00 02 00 02000000 0100 0200020002 00 02 00 02 E4 5
[RECY (41)] < 7E 4500 FF FF FF FF 1C 0091 00-00 00 OF 00 01 005500 020000 0001000100 0200 020002000200 0200 0247 G
[RECV (41)] <- 7E 45 00 FF FF FF FF 1C.00:91 00.00 00 OF 00 07 00 54 00 02 00 0100 02 00 02 00 02 00 0200 0200 02 00 02 00 0233 2
[RECY (41)] < 7E 45 00 FF FF FF FF 1C 00 81 00 00 00 OF 06 01 0053 00 00 00 02 00 02 00 02 00 62 00 02 00 02 0002 00 6200 00 €8 9
[RECV (41)] < 7E 45 00 FF FF FF FF 1C 0091 00 00 00 OF 00 01005200 02 00 0200 02000200 02 00 020002000000 01000391 €
[RECV (41)] < 7E 4500 FF FF FF FF 100 3100 00 00 OF 00010051 00 02 00 0200 02 00 02 00 00 00 01 00 0200 02 00 02 00 02 AF 21
[RECV (41)] < 7E 45 00 FF FF FF FF 1C00 9100 00 00 OF 00 07 0050 00 02 00 02 00 00 000100 0200 0200 020002000200 02 D2 F
[RECY (41)] <- 7E 45 00 FF FF FF FF 1G 00 91 00 00 00 OF 00 01 00.4F 00 02 00 0100 0200 02 00 02 00 0200 02 00 02 00 02 00 02 B3 0
[REGV (41)] < 7E 45 00 FF FF FF FF 1G 00:91 00 00 00 OF 00 07 00'4E 00 00 00 02 00 02 00 02 00 0200 02 00 02 00 02 0002 00 03 5D 5
[RECY (41)] <- 7E 45 00 FF FF FF FF 1C 00 91 00:00 00 OF 00 07 004D 00 02 00 02 00 02 00 02 00 02 00 02 00.02 00 00 0D 0100 0288 9
[RECV (41)] < 7 45 00 FF FF FF FF 1C 00:91 00-00 00 OF 00 01 00'4 00 020002 00 02 00 02 00 0200 00 00 0100 02 000200 0248 4
v
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% 12. message_t XA
Fig. 12. The structure of message_t.
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38 14. A2/ BHIAE Z2OME S5 S0{2E WBAN
o AR
Fig. 14. The WBAN message from serial test program.
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message_t T-ZA & AR WIAIA] A E AAISESI T
WBAN Alo]Ego]= BNCS} ddHo] 4% 1 1=k
TCP/IP W E] ) SHA T2 EZS Wl WEs oy
= WBAN Alo|Egjo]o] 7+ ¥l DBMSel| #17d-% ﬂr TCP/IP U]
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