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Design and Implementation of Location Management System
of Stock Keeping Unit with High Mobility
Using Embedded System and Wireless LAN

Jae Hyun Lee'- Kyung Hee Kwon'!

ABSTRACT

It is essential to get the exact location information of products for a warehouse management. It is very hard, however, to know the location
of products which change their location in warehouse frequently. This causes the effective warehouse management to be almost impossible. In
this paper, we suggest a new location management system for such a SKU (Stock Keeping Unit) with high mobility. The system is composed
of RFID (Radio Frequency IDentification), a management terminal with wireless LAN, mobile devices (Cellular Phone & PDAJ, and a central
management system. As a model of a SKU with high mobility, we selected a used-car stored in a large-scale warehouse. We designed and
implanted used-car location management system. After analyzing the operations of each position in used-car warehouse where the system will
run, we implemented each function. This research shows that an embedded system with wireless LAN is able to know the status of coming
in and out and location of a SKU with high mobility in warehouse very accurately in real time. Therefore, it makes the warehouse to be
controlled systematically.

719 : Y= AIAH(Embedded System), 24 2(Wireless LAN), 2XI22|(Location Management)
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public static void main { String [ ] args) throws IOException
{
init () ; // database manager %7)3}
ServerSocket serverSock = new ServerSocket ( PORT ) ;
// QEE =S g My A A
while ( true ) {
Socket sock = serverSock.accept () ;
new Connection ( sock ) ;
/N0 L= R Pt R

—o=

&t Thread 44
)
}
static class Connection extends Thread {
/it = Al2€ln B2 thread 4 A
public void run () {
try {
while ( true X
if ((count = fromClient.read ( buf )) ==
switch ( getKind ( buf ) ) {
/Pl E Alagge] Qi o8 AYEF
case 0@ // init
temp = new String ( buf ) ;
devno = Integer.parselnt ( temp.substring (6, 9)) ;
/s A 27184 FAWEE B
logfname = “log” + devno ;
initlog () ;
/ ZARNSE Faje] gt 2and 278}
sdata = dbq.getnextparking ( devno ) ;
// JiT = Al 2-o A 2] FApARE AF
break
case 10: // @A o] Fejir 8%
// RE
sdata = dbq.getStatus ( devno, camo ) ;
// DB managerdte] Ay 3
break ;
case 20: // ©1E3t APl Fa4E 8H
if ( dbq.insertCar ( devno, posno, camo ) )
/f Eol e kel oit ARG RAA
sdata = dbg.getnextparking ( devno ) ;
/T FAANE GuidE Al agdH dE
else sdata = “nothing” ; // A&F2437F 9&
log.WriteLog ( logmsg )} ; // RI1%o] 7]=
break ;
case 30 :// AFolE A
if ( dbg.deleteCar ( posno, carno) )
/) AFRR AR
sdata = “ok” ;
else sdata = “fail” ;
//olEE + UEE FHAHNY AFAAE S A
log WriteLog (logmsg ) ; // &19de] 71&
break ;

1) break ;

}

toClient.write ( buf, 0, count ) ;

/Pt s Alagog dolE Hd

}

fromClient.close ( ) ; toClient.close () ; log.close () ;
} catch ( IOException ex X

}

}}
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RFID data §4& <E [>& w2&= Aoz g}
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init_device ( sockfd) ; // A&9 27]3}
car_in_out_process { stdin, sockfd )
loop
Parsing RFID data
getcarstatus ( sockfd, carno) ;
M B ERE FEHARE dojar)
if ( parking in area of this device) then
insert_car ( sockfd, carpos )
/Al HEE a3y ¥ @4;5 avle] &9
/RS A Aed # A (0%, T RS
else if (try to move to other place) then
del_car ( sockfd )
/AR Helg 84 3 AnE vl &9
/Ao ge] dE H7h HAFB AL
end if
end loop
end car_in_out_process

)

(Y12|F 2) YHiC|= AL T8

{E 1) RFID data format

Car No Request Car Position | Car Status
49 | Awds | 9-28%] AAA | A3
A7}(bytes) 3 1 3 2

6.3 XML Data Parsing

oA 7]el A AF 3k dojg 4AE JHts Alx
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o) F4& Adste] AARAT. (FRYZ I XML o
o F49 % BeFn U AAFAY #3L D~4
o #4¢ medh

o

< onecar >
<idx > 3 < /idx >< camumber > F4s < /carnumber >

< regdate > xxxx/xx/xx/xx/xx < /regdate > < /onecar >

(ZTE|E 3) XML Data Sample
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public void ParseCarlnfo ( String carinfo }{
while ( !carinfo.equals ( * " )){
parseValue () & W25 %359 Element?] Hez8g oot}
Carlnfo Ao 3o} RFAuE 34 F
HashTable2 ZAAz2E 7 3gich
}
}
public String parseValue { String starttag, String endtag, String wholestr ) {
/e dlvEd Wi AYWE e FEH
int startoffset = 0, endoffset = 0
int targetstart = O, targetend = 0 ;
for (; startoffset < wholestr.length () ; startoffset++ }{
if ( wholestr.regionMatches ( false, startoffset, starttag, 0,
starttag.length () ) ) break ;
}
targetstart = startoffset + starttag.length () ;
endoffset = targetstart ;
for (; endoffset < wholestr.length () ; endoffset++ ){
if ( wholestr.regionMatches ( false, endoffset, endtag, 0,
endtag.length () ) ) break ;
)

targetend = endoffset ;
return wholestr.substring ( targetstart, targetend ) ;
}
public String deleteTopone ( String tag, String rtag X
/] B9 dYE 818 AA
int startoffset = 0 ;
int targetstart = 0 ;
for ( ; startoffset<rtag.length ( ) ; startoffset++ ){
if ( rtagregionMatches ( false, startoffset, tag, 0,
tag.length () ) ) break ;
}
targetstart = startoffset+tag.length () ;
return rtag.substring ( targetstart ) ;
}

(Z22|Z 4) XML Data Parsing APl

71&¢] EAs= DOM, SAX A9 79 2updr]7)d
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=uld 717] PDASH FolEoz bre] FEEUT F
&2 2ME®] MIDPE ©]83t9 Fd3t9 1, PDAL iPAQ
PocketPC/¢el EVM(Embedded Virtual Machine)$l Joede
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(¢38]F 5)llA 53t AA ECBAests Al 9AAH
Aol vENsE selvgz 1288 E giAv1E AT 7|
9} EE Alo]Zi= 16Bytes(128bits) 23}, 3.3 @ EHahi=
Initial Round, Standard Round, Final Round& o]Folx|vj z}
ghe-Tojrie] e g2 B2 gsshaa) Lot

final static int BLOCK_SIZE = 16 ;

final static int KEY_SIZE = 16 ;

public ECBAes ( String keystr } {

A BEREE gHor dARE)7) 44

bytel ] kb = new byte [ KEY _SIZE];

while ( keystrlength ( ) < BLOCK_SIZE ) keystr += “ " ;
for (i = 0;i < KEY_SIZE ;i++)

bli] = (byte) keystrcharAt (i) ;

key = Rijndael_Algorithm.makeKey ( kb, BLOCK_SIZE ) ;
}

public byte [ ] encryptstr { String cwriting ) {

/) BES debdgE dgvted,

int bs = 0, bc =0

if (cwriting.length ( ) %BLOCK_SIZE != 0) { // 128bits® 1=t}
bs = BLOCK_SIZE-( cwriting.length ( ) %BLOCK_SIZE ) ;
for (i = 0;i < bs;i++) cwriting += “ "

)

byte[] text = new byte[ cwritinglength () 1 ;

be = cwriting.length ( ) /BLOCK_SIZE ;

for (i=0;1<bc:i++) |

byte[] pt = cwriting.substring { BLOCK_SIZE Xi,

BLOCK SIZEX (i +1))).getBytes () ;

byte[] ct = Rijndael_Algorithm.blockEncrypt ( pt, 0, key,
BLOCK_SIZE) ;

for ( int ptoc = 0 ; ptoc < BLOCK_SIZE ; ptoc++ ){

text [iXBLOCK_SIZE + ptoc] = ctlptocl;

}

)

return text |

}

public String decryptstr ( byte [ ] cstr K

StringBuffer cipherText = new StringBuffer () ;

byte [] ct = new byte[ 18] ;

int idx = 03

for (i = 0;1 < cstrlength/BLOCK_SIZE ; i++) {

for (int i = 0;1 < BLOCK_SIZE ; i++, idx++ ) ct{i] = cstr[idx ] ;
byte[] pt =

Rijndael Algorithm.blockDecrypt ( ct, 0, key, BLOCK_SIZE ) ;
StringBuffer sbt = new StringBuffer (* ") ;

// 16 blanks

for (int ptoc = 0 ; ptoc < BLOCK_SIZE ; ptoc++ ) {

char ptemp = (char) pt[ptoc];

sht.setCharAt ( ptoc, ptemp ) ;

}

cipherText.append ( sbt.toString ( )) ©

}

(Y2|E 5) ECBYAS| AES &3 2n2iE AP

public void actionPerformed ( ActionEvent e ) {
if request online mode then
Connection () ;
/Aol EXEE
else if user login then
new ECBAes ( passwd ) ;
encryptstr ( id } ;
ARIE] A RS vREsE s glsie] 219)
else if copy a aar info from server then
SaveLocal () ;
7 AEE AJujojA] AGFPRE PDAR B4l
G HEE Y
.% 1=
else if request local data from PDA then
LoadLocalData () ;
/7 A4 djojE] melzRE] BojFel HjolE &
else if request sold car list from PDA then
SoldLocalData ( ) ;
/0 XG Hjo]E] B2 BRE FojE ylo]E £E=
end if
}
else if a aar is sold then
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OnlineSale (); . . YHH = A2 290 BFARRw YE2& 4 YA
o i v o o e B Aok (14 89l A2 4del 1de FasHEe 2UAN
m_sw = new Sazr(nl'zWin(“Search Window,” this, 1) ; 2 oyt Al A €lo] oloe} CM Seo} EAlg= HAL H
i) oFTh HE AW JVEA CMSENH FAY 4 om
(¥2021F 6) PDA 715 T8 A8 MEE PG OGS T FE Fdsabgo] Uz
Tl o]ERHY HolHE é%}% Zolil, dHre
PDAS} 7158 2epds} exebel mEm godc & Alxgl g7lE vg #2348 £ = 942 e o
Bl Auet galol dAd HedA zAdlolHF o ChA] Fdsah o] UrlE sl Amakuk o] e i)
TEsE HERER dF ¥ 2aglel © Agda £ o s8N BRI FREN Ubs AL sz
she muolth e¥el RuE 2¥ARE AedA 2 Z &t UH}QJ 7171914 9] FE-LE Qdut)= A 2" o3
of B3k AFL PDAR ARty B Brpxdejai: BAE JHES olgste] ARo)M ALLEE AR A
Aol et AuE JAY £ Ju2 syt w1 oxa 3= zl‘o}‘}it} THiUYIZIE FE OAMEEE Al )
AoundAe duid Adw nane Ade Tyl /A% Y R AN oSl #AE sty i
4P ¢ RS ST (438F 5)9 actionPerformed Aoz Aogth 919 galgle] A48 PDAE we
FFHAA 2} eventol BE AYS FASRAYG. Aue & 2 B54S adsld /%S AUy M, A
AE= dolH:= XML £M84¢ #30, PDAMY] H1A] B3N dolemol 2o Hitsle] Y3t FREB AN 2
ol FAA G ol gdtT 4 I FHSAA G §2 TEE F dojordtth. EX), AR Wy s12 A
ART2E ARGt A egd. T Slojorgttt. o)E gt 7)%2 FaEy] dsM (oY
,] #Z shae] 943 PDA £8Z2ad CMT(Car
7. HHAE gl oA Management TooD®] 7158 Y, $73, 271 x99 7
TE 183 V)& A}%s} HelH g0 588 # 9
PHH = Aage BAER P%A AHE A789 EE dlolH& Aedls FRos 7¥s9 99 HAE
RFIDZ%E <tejite] 98] do]HE d43 & 1 4 oAl PDAS} J2ME ereless ToolKitol M= ByHoz 7
oJE7} CMSel &3] 71251 2ol 7]7](J2ME Wire- T Adn, FHAL o838 & g AQgHY ANLs
less Tookkit, PDAYE $& PHe A3 7o) ey AR 715 A9HE 2@7)5e) dE FUZANEe Fe
FeeteA dAstgh £ 7129 ABY G o] &8} WEge AL ZAE ndste rdL wAsge
o BAE 7 ALE HeLAE AH8sted dolEE #a ¥ I 7% PDAYA T TR AHRAY B
& 9l gl E Fdste maty 77 2 oduu: Aol 2 71EY P0G E FE 2 B2
AladE dEeh: Y g E AA"e A A 5+ AxE sk
TR 2HE URUY BELS dudn Alxdy 359
g dlole] ARt ¢4 CMSe Ytz Alx 8.4 o
g Abold] ol AR sAEQ CMSH £AS w
°of Fof A& AAEZ duig= Aagle) ASFoam 2 ATNME dHYE A Ad BH ds ol&s) o

NEXT PARKING POSITION :© o022
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