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msldwmaluladnistudusmmunuuldinisiivaniue (Stateless Authentication) saginalulag JSON Web Token
W) Feeenuuulumsidildszuvasaunmsaivieundinduasstunoulaun 1) Msduduinuesdldiiosu
2 3 a v Y a 4 o % v Y o =
user_token waz 2) NMsigIukeUNARTUAIENTALNUAIDNSTAR NansVedaUIIaBINTsTRUmeElTNIY 30 B
240 Uayd wieufunuinfiusednsamauanlun1snouaue (Response Time) Mwsnzaulunisldausassuglon 90
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ABSTRACT

Web application login based on password is commonly to apply in information system. For various
applications, a numerous password memorization is still a problem for users that have a chance to forget a
password. Moreover, a password lending cause a leak password that is stolen a password from a malicig ‘ﬂ

person. It is a major cyber vulnerability that leads to a cyber attack. However, a researcher develog
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factor authentication to increase a security for application login. This approach is still a limitation of cost and
comfortable using. Therefore, this research aims to develop the two-step authentication for web application.
The proposed method applies a stateless authentication based on JSON Web Token (JWT) technology. It divides
to two steps consisting of 1) user authentication to obtain a user_token and 2) web login using QR code scanning.
The experiment result to simulate a scenario for 30-240 user accounts login simultaneously found that the
performance of a response time is an average at 3-7 second in case of 240 user accounts, which depends on a

network traffic. The performance assessment found that obtains a score at 4.53 that means excellent level.

Keywords: Password Lending, Multi-factor Authentication, Stateless Authentication, QR Code
uni

Y a ' & a o 1 o & v oa P A veu .
mslivinisssvuasaummihuduieundindudiulngdlusesinsdududmmuitaiiildnuszuu (Login)
Ferjlviusnisuenanazdesmdisanulasndsveinmsidifleyauadiadiauasainsenislidau lngn1sdudy

@ S a DY) a A > I = y a o o Y o
mnunfesldiumnniianfenisldseuusiani (Password) dslullavasuaundiadusianiuazgnnssuiunsidnsia
(Password encryption) sensiinswalusmedlasdunss (Hash function) 1y MD5, SHA-2, SHA-3 138 SHA256 Faidu
nsdeaiunisiUamesianiuainnisanduteyaseninanisdveyalududosviiessududinu diulutlvveasdld (Usen
nstuduimnumenisldsianuluaniugnisaiasanannasldviesiariudendueundindu Tuhusadeiiuddls
dn1sldarunarsueunaintusududosdnnsdududnunrosWanunalasiwa (Multi point authentication)

@

(Chaimueng et al,, 2012) ¥il¥gldpsdssiarunansyn TnomaujiRniefigadmiuild de nswasviashuileutu
N9 weundindu Sniadanuiniinislddidne Tunisdesianiuy Wy “password”, “123456” w3 “aaaaaa” tJud
InMsAnwINguALe1Y 10-24 U (Titiakarawongse and Boonkrong, 2023) WuTh ndueuwatdA Az niinanTy
Tumsiassaru faf1uisng mnududou waganuemvessianiiu deilenadgldasdusiaruifinnuenuas
Fudou aurliAnmstuiinsiaiuasuunszats wiedeneusn mndgmitnanandrsdu unsilugnsiaa
rgouvasszuUANLUasafelunsBudusinu Wy nsienssary msweugsviasinu msuluesiasild viousinseis
msligusiariusewineiu Jusiu
nsudlvilymiinamdrsiuiiuundelunsdanisiymsiariiuasyadie nsduduinu u 9afen
(Single Sign-On: SSO) Im&Jﬂ']ﬁl,%"lgiizuum%u’«ﬁmé’wsﬁamusqmﬁm udamsadlanswensaneg lavatgueunaia
Fu Fsnsldsariiderfdnsdianudowionsialvavessiariiulunsdvosnisulue u3oueugsiarn (Shoulder

Surfing) aefl Sarawan (2018) thiauemsldsiariuaiioufonisiirsitavessiainuuumnadusnusiounisidng
szuuitedaatunsueuganglivszasdd uiagdeliglildtdeusiainlaghifetaala uwifviliglddoseenly
n130aATRavaINIIEusnusTun1sUausian1u ﬁqﬁuﬁaﬁmiﬁwLauﬁ%ﬂﬂiﬁué’uﬁamuuwwnﬂﬁa (Two-factor
Authentication: 2FA) Tneldsariuadaiien (One time Password: OTP) (Chaimuen, Puangpronpitag, and Pongsiri
2012; Thumsiraruk and Puangpronpitag, 2015) Wanifulladeiiaedumstususnu venanildfinniauens

911915 (Biometric) (Thumsiraruk and Puangpronpitag, 2015; Sainui, Jankaew, and U-seng, 2021) n15 k@
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#1ia (Digital Signature) (Bunaramrueang and Kowpatanakit, 2023) #3e n15ldaunsalsiy (Mutual Authentication)
(Rukpakavong, Subsomboon, and Nilpanich, 2022) Lﬁuwnﬂﬁﬂumnﬁummmszi'aﬁaLLazmmﬂaamﬁaﬁuaﬂs:w
Sralildfimaznnauglifesinatumslaulani uimeluladfindnassedinsvefuuinistugliuinsiiu
nsaufuAlgae Wi SMS, SSL, OTP Token %158 Mobile Token

nsfudusimuuunntadslasuanudeslunislidanusgrunsvats esnnfianuindefieduszuud
FesnsausiuasUaenfiugs 1y sUUsIANS Feszuumstiseiu 1usu 89 Vongsingthong et al. (2023) linnsg
Yigueisnisi Biometric Tngldlumih (Face) anatiile (Fingerprint) wazsium (ris) iiedudushaurewdldssuy
Yuzdi Chaimueng et al. (2012) dnawenisld 2FA d1wsu $SO vuwalulad LDAP Tneldsauiu OTP Tnenisds SMS
Fanan1simunsyuussnanamsondtamnssalnavesstaniuld uenainil Rukpakavong et al. (2022) Maun
sruumsBusuifusuuldgnaaiututussuueiesnadudnludd (ATM) Taonslinsdwiflefotudusmiluadousn
wazlinsaunusiafnenslunisigsnssy asdiuldinsmstususmuuuunmiadedamnutaeadeiutlgmnissilwa
VRITAAR U

srvuansaunaluimingdosudganauaslddidunmsiaussuuuvuduieundindu dsdinisinuld
suuisinAnwuasyanaavaesEuL Wy ssuununsdsutindng yaains wiesruuaudde W vhliny
Yymnsldssuunisususnuiifedddvanesianiu f\mﬁﬂﬂzjﬂzymﬁ’aﬁﬂdn‘lwﬁwﬁu Faudiseieldiauanis

Y

Wainnsduduiauuuunnade lagldisnsdududinuuuulddnisifivaniue (Stateless Authentication) e

wialulad JSON Web Token 3o JWT dlutuusnidumsBusuimumeslfifiosu user token uandofoanaidig
duledvidouaundiadualifmorfldnlumadngssuuuazasld user token ve¥uandlunmsidngszuy Wuduitaosuas
$u web_token wewluldlunsidimsnensvesivledudeueundindusiely
meisedagyilildfenuasmnausinndulunislénussumsauna lnsannissistariu waseinse
nslagvlusuazmainnsiariuniy Tngldnsdwitiefodaiiuldidugunsaifiuvesameiyaaatug uenani
sruvitmunduannsaimunldiussuu sso Tigldaunsadidmineinsasaumadisnssuoiulussdnadae

nsdnviiledaieansanierls widimamnulasasslussuvansaumaladnaie

lenasuazuAdeiiniendas
1. JSON Web Token (JWT)

JWT usasgiugaamnssuwuuda RFC 7519 (Jones, Bradley, and Sakimura, 2015) ldlunsdewe
158 0135813197 uUL URL Taefl JSON Object szdin1siinsiateyanisateiduiiia (Digital Signature) fiag
dano37IN SHA256 %aﬁmmﬂaamﬁaszé’uqa (Saetang and Boonkrong, 2017) Tunsdeansriulusinaea http Snvvs
feanansofeseliiimsnsieasvaneidudmiunsudusmulddndae Tnedoya JSON fignidrsiasziiendn Token
Tagansadnwildaniduled JWTio Aliuinisnisiduaznensiadimiunsiaaey JWT Ingdeanudignidrsia
(Encoded) lUilu Token 1lath Token lsihnisaensiia (Decoded) azlddayanounisidhsiia Faudsdoya JSON 1Hu

auduldun 1) Header \udiuvesn1seSuie (Metadata) Toyavesn3dans Token 2) dvuvasdoya (Playload) 1Ty

dauldlunmsifivdeyafifesnis uaz 3) Signature 1udruiifiusiadu (Secret key) AldTun1sidnaia Header L

Playload whameiu szdunaldinvedsfaduidldlunisdisfa dniseensiagniesivlesasnsisaeunisi
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Signature Verified aatiu JWT 3sflanthunlglunistuduiinuiilotainiamiuundede wayUasndy dnvsdauadgm

< o

284N158 0a155¢1319 Laataud (Client) wag L@SWIS (Server) 7El9u839 Server AB93ATINTS BIVBANT A15LUD X
NiNEINTVOI Server FameAuives Server Tomawdiuldendgldsuiuunn "

2. M3BUdURINULUL Stateless (Stateless Authentication)
matmuweUndieuuiuazsryiuiyanadisdddnu fdneduiugudldmsBusumauge usemame
uay password vuusUnALATuRls Client ndsanglolddudusinuuds svuuazaina Token dandululif Client iUy
derfldfpsnsidnfiansmennssneg vesuenndladu Client 9zds Token luiiueundtaduils (Server) ilevasunis
ouan (Authorization) FslagAtnsnpsgruiluaginisdusunuassuun léud fnsfvanug (Stateful) wag luid
AsiAiuaniue (Stateless) (Mitchell, 2013) 1ne3s Stateful &9 NS ududInuLdd Server 38@3$19 Session aslu

¥ ]

mhoauduieandflifidngszuu uazazds Token Fsonaidu Cookies nduunil Client ileliluns¥esveningins
yosuoUnAlatusioly w33 Stateless Hewas Server agliifinsandmsitngszuu usazdifiafiaus (Middleware)
Funanstmiinfinisadns Token nieunairsiasefgarsisns (Public key) Tuguuuu JWT dandululsf Client il
ilefin1sdesve (Request) ninennsvasuaunatadu Client azdadvoniau Token lunsaaaeudl Middleware w1
vy ndzanunsadndimsnensene o
mevilianugvesmstudumnuiiiunsinnumeionyiidvueiidnaafioly Server sosfugldduau
11 (Aura and Nikander, 1997) agslsiinnunaluladludagiululddrdnnisiauduiissszuu Client-Server
Tngtanizinaluladiivieesda (Web services) § 987 N3 aLIT2UUT 5895UNT58 0A15UUIALUN 19U REST
(Representation state transfer) 958 SOAP (Simple Object Access Protocol) (Lee, Jo, and Kim, 2018) yldnsly
nsBudusnuuuiiugiuves Token fifimadsralfnuegianiiewns lasawz JwT Idgninantdlunisinisusy
FIMULUY Stateless Feanunsaltldiuueunaindunansundnanosy wagsosiuiunmsveteszuuglisiuoumn uifd
foidefesesdinansndeuaninnada dailiiaudndmstusuiamuuuy Stateful fianiugans Client gnoufinly
i Session ¥4 Server o8 1dlsAnuneUndiatuludiagyuiinarnnatsundanesy 19y Livuounaiatu (Web

Application) Telef (IoT) n3eluuneusundiadu (Mobile Application) fignuusmsyhauidudgrumiiiu (Front-end)

waraIUnaIU1U (Back-end) nshinistududinunuy Stateful aldimmngauivaunanany (Lee, Jo, and Kim, 2018:

v
=1

Rahmatullo, Aldya, and Arifin, 2019) dsiulusuAdeiidadenldnistudusinuuuu Stateless iuiiugmuresnsszuy

ASEUTUAINUFDITUNDUAILAIDISLAR

ad

25115938

mseenuuuszUUNsEuiuinuaesiunewiisesldn wueenduaesdife 1) nsBusuiauvedldiu

a

waz 2) nMsBuduimnuiarniseygnansnmadniules uansninsauvesszuulafnmd 1
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Request(username, password) SELECT(username, password)
API
H User Authentication i

Response: user_token Private_key

User accounts

A==

1
I
1 Response: web authorization =
]
]
: Listen (loginiD)

Tag! I_' SELECT(loginiD)

oY Loop l API gl

Web Authentication
32 / = hasLogin: bool . .
Login transaction

Request(user_token, loginiD)

AN 1 ANTIUVBDITTUUNNSHUTUAINUADITUADUMIBAIBT AR

1. nMseanuuunsBudusanugld (User Authentication Design)
A vy v v . v ¢ A dl
mstudusinugldhonisldnssuiunisidngssuu (1. Login(username, password)) vasldiugunsalinfoud
vulusunsuluswesvetgunial (MobileBrowser) Feluauidedldisn1s8uduiinuuuy Stateless Authentication
(2. Request(username, password)) AMNUUTTYFIAUIE AR lTWazTiaH1u1INg1UT8YA (3. SELECT(username and
password)) LiavasunayuadIus7 (Private Key) vosildiiieinluiinsiateyauuy SHA256 (4. Encrypt(private_key))
wazdstoyanduliildidu user_token munmsgiu JWT Iag user_token 9zgndmAulindrsaiudinigly
(5. setLocal Storage(user_token)) U84 MobileBrowser Iaen15v191u1999 un o Ut LandlulnunInannu (Sequence

Diagram) Tunng 2

i MobileBrowser: MobileLogin API: UseAuthen DB: UserAccount

1. Loginjusermame, password) W

®
User-.r

L 2. Request{username, p-assword]‘

3. SELECT(username, password),
L Ll
H
.

True, private_key J

' Response: user_ftoken <
e " 4_Encrypt(private_key)

5. BetlLocalStorage(user_token)

A7 2 N MEIRUNSIIIIYe N sEud U g LY
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ClientBrowser: .
MobilePhone ‘ ‘ QRWebLogin ‘ APIl: WebAuthen
T T T

.
p2s
b

DB:
LoginTransaction

User %
Open Camera ! | | | 24
Scan(QR) o : :
T | |

' !
1. DpenMobile(loginiD) ! : X
'

API: UserAuthen ‘ ‘

2. Listen(loginID)

3. WebLogin(loginID, user_token)

4. Uk izath _token)

bool

5a. Responsa: {"UserAuthorizad": "trug"}

izod - trus

: / 6. INSERT{loginID, usemame)
< false.

R 7. HasLogin: fruge = === -===-l========--====ssssneos

5b. {"status”: "Login fail"}

8. Encrypt(secret_key)
9. Response: web_token

L b
T

10. SaILomlSm'agsU{wnb_idun)

Mwil 3 wunmadunsvhauresnstuduinuiinuiazmseugnuIuled

2. mssanuuuMsBuduiinuuaznisayyInuuiuled (Web Authentication and Authorization Design)
Tuduneui {l¥azldndosangunsaiad oudilunisaunusiadaonsininiuled i dosnisdondu
(ClientBrowser) IngissiaAno1idanarudunisduen loginiD §1au 30 fdnws (1. OpenMobile(loginiD)) wazgunsal
fandmeninistudusnugliuasldsu user token Mndumeurownt Turasieatu ClientBrowser ag¥hmssos
48911 loginD Aiinmssiiunsudeds (2. Listen(loginiD)) %a%zﬁwmﬁawanﬂ‘] 2 3undl aunseatalinisandunistudu
WAZBUAIALAITIVYANITTUD nthuasrihnsdanidiuledndeuds loginiD waz user token (3. WebLogin(loginiD,
user_token)) TUg API iitensaasounslasuounmuesild (4. UserAuthorization(user token))
nszvIUNsimmAsInnMsnsaeuily ildldsueyan (Sa. Authorized: true) asvhmsifindeyanis
donduaslugiudeya LoginTransaction (6. INSERT (loginiD, username)) d1lfldsueyginszuvasUfjiasnissesve
(5b. Response ({“status”: “Login Fail”}) wagsgninadt ClientBrowser faavenssiniiiuns dnmwuiniideyanisdendu
38 loginID AMNMTARNY (7. HasLogin: true) a¥dn15a3ne JWT lnanisidnsianienakadu (8. Encrypt (Secret Key))
ud29zeds web_token (9. Response: web_token) naunsautiudin web_token (10. setlocalStorage (web_token)) a3

wieaudes ClientBrowser Wisluldlunisvesygnlunsdildivledsely Inedunsuisuneduienaning 3
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Web Application (www.xoo.com)
User http://[webauthen_domain)/api/webauthen?loginid=sESRssafh1g695dYF... —> QRcode

QR scan :Eg] b2
Goto URL = MVC "
request{loginiD) web token (Sequelize)
LoginTransaction Table I
user_token, loginID

— 3

User Table I

ogln(usemame, password),
API Server Middleware MvC

(NodelJS Express) (passport-jwt) (Sequelize)

respunse(user token)

Application

AN 4 NNTIVVBINTITUIUNITHAUITEUY

3. NSTUIUNITUNISHAILNISZUUEUTUAINU

msimwszuunsBuduinuwuunyladeudsosnidumsiam 2 dwldun ssuuBuduimudly uazszuu
Budusnuuasnisoygyauuiuled laglunmil 4 wansduneunsnisimuniiseaziBundail

Ya v

3.1 prswmurssuvBuguaInulld 439814 Nodels iuntwlunisimunlusunsy Inedlaut3 Express
dmfuate AP uaeligrudeya MysQL TnefiseasiBendsil
1) Wounnsguvaumt i (Front-end) wuu Web Application dwsunisidigsyuuy
2) WArSEUY APl #e NodeJS Express Wumdathu (Back-end) wtednselusunsuilaililude 1)
3) fimunszuvdAnsegIudeyauuy MVC (Model View Controller) sglaun3 Sequelize Lile
Junisasavaeulny@dld (ogin)
4) Waunszuulialiaws (Middleware) dwsunisnsiaaeuiaveygaliiinfisssuugudayanie
lau3 passport-JWT
3.2 MswanszuuBududanuuazmseygavuiuled Judiuvesszuuns login veaszuvmsaUmAT
dioansldsruunisBudusnuuuunmiade Taedduneudsd
1) Wannszuy Web Application Aifinsudusmuuuunviade Taouih login Wifinnsasresiia
loginID MENSEURIBNYIASINgEIarAILaY $1UIU 30 aN 1 SESRssafh1g695dYF... uaglvideluds
API fivinns login wWuhttp://[webauthen domain]/api/webauthen?loginid=sESRssafh1g695dYF...
gniuth URL #ildadadumenslidn Tuvaienfufld Web Application vms¥esweite$u (GET) a7n
LoginTransaction laglsiiin1s GET n9 2 3wl
2) lefldindesaslnsdwridofoaunuiiotsldn asdumsaadluds URL (APD Tudio 1) wiowsis
a4 Token il#i3U91nn13 login Tuaseasudvdnslésueyan
3) Wannsyuufiadawnd (Middleware) ensageunistudusmunaznslsiueugrlunisdd

Vuladeiag passportjwt 91nde 2) azidunisnsaveaeu Token vaafld (user_token) v U
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4) Wwu132UU LoginTransaction Lﬁatﬁuamuzmiﬁ;ﬂ‘é’f login Tute 1) F3a1n€8 3) &1 user token

Iesuougmaziinisiindeyaatlugiudeya LoginTransaction
5) @oAAABINUTD 1) 81N1538498 LoginTransaction A3e loginD Wagwunil LoginTransaction 7
WnTuaInde 4) seuuiafawisaziin web_login wazasns web_token figsviasuvedly dandunds Web

Application teluldluszuu Web Application sigly

4. MIVBNUUVUNNTMARBWUAZNTIAUZENSAN
4.1 N13PBNUVUM NARDY
TusddedasinmsinUszdnsnmnisnevauesienisdeasiuseninellduazssuu AP Tuns
Budusimuwasniseygmuwiuled lnenisdiaesaaanisalfldsiuan 30 Yo Jawihnmsdissuuldnig
Wgszuundeuduiiieniiainisnevaues (Response Time) vesszuy Iniioiduiadiuii (ms) lng
VEeudIuIL 5 AT udhnaImeUaNBw NAREAY Rntuihnsiiuswiunisienduveyldnsiag 30
Uay® auds 240 U@ nglumsmeassaulanainsnevausadu 3 dauldun
1) Ia1neuaueIreIN1Tl1g seuuvesr 1y (User Login) nungfiaiandussldds userame uaz
S V] = = Yo oA
password tiieidgsruuauiaamglalasu usertoken ndufiu
2) AMOUALDIVBINIATIVABUNT ATUBLANF (User Authorization) anedia Lanasusgl¥aunu
Y A g a Yy I3 = A a v . 1% . . a P
9 QR iiedendudngiivlesd aufiaaiiindeya loginiD asgrudeya LoginTransaction i38uiay
3) namevawsinsawnudngssuuveaniuled (Web Login) vinefisiasausdldawnusia QR uu
wihAuled audanannivledlasu web token naufiu

4.2 n1599UsEaNS AN

v
=1

nsaszuuusuinudniuiivueundintunuuassd unoudaedaonsTaalunuided
Iwaunduszuudunuulnefingudmunede dnwaunlusunsy wasindvinmsaeuiamesvesuining de
s1ufganauns 7dninAlunisiaunssuuasaumaliduuninerdessdganauas 119U 6 Ay
wuuiawas Tnedinsdnduntsded

1) AndeszuunsBudusnuuuunyiiadouueiesusitnevemmineds

2) Wiidenmainsfunnasddszuudunuuiigideliimunty

3) W{idomaianssuududuimuuuwytadeiunsdfnuve sumiinede

Tunsiimeiseldvhmstaussansnmaesssuu Tdun 1) funiseenuuuszuy 2) dunisiild
Uszgnaldann 3) suammnzausiofldany neliiedestonuvasunuusyifiulssdninmussszuy ua
Anseidneaada liud Aede wardmdsnuuinasgu lnstsaildluifsutuinusinsy suiduves

¥
v a

3 wAshue (2560) InuaAgItunnsUseliulseansanuaganuiianala Al
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1. wan1sWeusTuuBusuAInugly
VY] o a & g vy [N ' o & oA v a S
mstudusinureldasiinvunsainglidilimedngssuumnneu duudledldawnumesidnieidigsyuy
Vuled szvvas@inaindwmdhidngssuuvedld (User Login) riew danmit 5(n) iielddeusiadly uagsiariu szl
nsgududnuluatiusn ndsnduazianviiveivenisnistuduiinuieuses (A 5() ualszuulvds

user_token ndusiiglduar Tuiinawheanudivesusnawes danni 5()

iz e 181 v

dngr

enamosIn

- http://172.17.8.26
“ Origin  http://172.17.8.26
Key Value
user_token eyJ0eXAIOIJKV1QILCIhbGGiOWIUzZI NI ey 1c2VybmFIZSIBI YSMTAYMTATM. ..
G 12820 < 0 QEied) 2 1 ey)@eXAi0iJKV10iLCIhbGei0ilTUZIINiI9. eyI1c2VybmFtZSI6T ] YIMTAYMTAIMTEXT iwidXN 4
< h m < h m ©

(n) (@) (@)

il 5 fegantiae User Login (n) wihdwiudlddendu (v) wiheediedondudise uaz (r) floldsu

2. namIaIUsTUUBuSudInukaznsayInuWLIUlYd

Ya v

dedldvhnsBuduinulutuusnudinzldsu user_token uufulininsowds didelddasaiuludlngly

Y

o
o

=3 a a I o  w < a a Yy o eA' % D 1 °
N1989NBULUU Stateless IWEJIILWQLlﬁﬂLUULWQﬁWWi‘UﬂWia@ﬂ@TJLL'U'Uﬂ'J@']ﬂﬂﬂ ANATNN 6 Maﬂ’wﬂﬂuucﬂ‘lﬁ]wmmmi

dondulagldlnsdnsiaunuAonsidndenanddeisidnasiifeya loginiD antullavesfldazds loginiD e

user_token LUgfa WebAuthen APl Llitens19a0unslasusya @ (Authorization) vty ddlilasueyin ssuuae

v Y

@519 web_token dsnduanliivled i luldouldluivledsely
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oo et e Web_token

XOOBSP Horn Home Doems Grms Oresen B Soes > 8 8

ma o @ [——

Ml 6 fegensiingszuulaemeienslan

3. NAN1INISNATDUTZUY

3.1 MIVAdEUIDMANIANNDUALEIIBISEUY AWl 7 uansdenainevausadsvemilanydiniedul
it mnamlunandsvesmsmageusiuau 5 ade Tnaiinmsdendu 30 i 240 T wadilduandiidiuarvesnis
¥ User Login 9¢l#iantiosdian TniadeniednyTlifu 1 und losmntunevilszuuhnuiissdniniie de
nsdenduudiadn user token dindu Tuvaiziives User Authorization agfimsvhammanstusewsnnniy tiun n1s
n3apuAnsHlY wagnsiudoya loginiD asgrudeya Tasnaldldasdunaldiudofdlduniu namevauasd
wnldumsidulanuudndlnuudea (Exponential) luvhussiefuiunainevausswes Web Login agiiuladnld
namevausiu1ui anld esainszuveenuuulilise i easuniu loginD (Linster(loginiD) 31N 1UT 0y

LoginTransaction 9 2 3u1#t vilvigasinisiivlavesiaineuaussitannduiuaediunsvin User Authorization

4000 —-UserLogin  —g=UserAuthor  —g-WebLogin

5008

5000

4000

3000

2000

Response Time (ms)

1000

30 60 90 120 150 180 210 240

Number of users

2NN 7 HANIINAGDULIAINDUAUDY (Response Time) UBITEUU
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ABSTRACT

The objective of this research was to survey the plant diversity in the Sawan Public Park (Nong Somboon).
It covers the area of 316 rai. The study involves recording the flowering and fruiting periods from July 2021 to
June 2022, under the climatic conditions with an average rainfall of 4.5 millimeters, maximum and minimum
terperatures of 34.2 and 23.8 degrees Celsius respectively, and an annual average temperature of 29 degrees
Celsius, along the park’s trails totaling approximately 3.3 kilometers. Furthermore, the research involves
capturing photographs, taking notes, and gathering plant samples to categorize ang recognize species, their
habit, and seed dispersal methods. The study recognized a total of 51 families, 121 genera, and 163 plant
species, with the majority being trees (100 species), followed by shrubby trees (27 species) and shrubs/shrubby
trees (13 species). The most prevalent plant family discovered was Fabaceae, encompassing 21 genera and 33
species, followed by Rubiaceae with 7 genera and 9 species, and Bignoniaceae with 6 genera and 8 species.
The tree largest diameter breast height (dbh) identified were the Ficus benjamina L. (3.34 meters) and F. retusa
L. var. retusa (3.18 and 2.86 meters) respectively. Animal-mediated seed dispersal was predominat (96 species),
followed by wind (57 species), explosive dehiscence (7 species), and water (3 species). Flowering was most
common during the hot season, occurring in March, with 100 species, followed by the winter season, in February,
with 88 species, and the rainy season, in July, with 55 species. Fruit-bearing was highest during the hot season
and the rainy season in April and July, with 77 species, followed by the lowest during the cool season in
February, with 64 species. The data acquired from the study for conservation planning and cultivate awareness

in conserving large trees in the city and continue to increase the green area.

Keywords: Flowering Periods, Fruiting Periods, Seed Dispersal, Nakhon Sawan
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M19199 1 wssauldilugneuadss (ruesauysal) Jminuasadssa

@ 2 Fowgnueans Folne Anuny MUNS 28nmAaN \Juwa
L0l Wug

1 Achariaceae Hydnocarpus ASEUINGN ST &l LLY.-0LA. n.A.-d.A.
ilicifolius King

2 Anacardiaceae Bouea macrophylla FEALERN T &l W.8.-5.A. wo-d.a
Griff.

3 Mangifera indlica L. PPN T 0] W.8.-5.0. fla-ue.

4 Buchanania lanzan PSRN} T i3 5.0.-4L.0. R
Spreng. way

5 Annonaceae Annona squamosa L. auuin ExS/ST dnd 1U.A-N.A. .8.N.8.

6 Melodorum fmu S &l WY-AA, 2.0.-L0.
fruticosum Lour.

7 Mitrephora RPN T o UAANY. WA,
tomentosa Hook. f. &  vieugtau
Thomson

8 Polyalthia suberosa nasnaeu S/ST & naonl naonl
(Roxb.) Thwaites

9 Apocynaceae Alstonia scholaris (L)~ dnusso T au 7.A.-5.0. R
R. Br.

10 Carissa carandas L. FQHIEN ExS (2] fla-ae. W.A-.8.

YEOUZUT
13i3loi -l-l
11 Cerbera odollam fudah ST ih 5.0.-4.0. AW, ®

Gaertn.
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12 Plumeria obtusa L. Fanadnen EXST au naond naend X
91

13 Wrightia arborea Tunafu ST au 19880, 4.0.-5.0. x
(Dennst.) Mabb.

14 Wrightia religiosa Tuntiu S au 19.8.-6.0. n.a.-4.0.
(Teijsm. & Binn.)
Benth. ex Kurz

15 Araliaceae Polyscias fruticosa duasm EXS &l naonl naanl
(L.) Harms

16 Schefflera Ere) ExT 3[2] fla-n.a. WA-EA.
actinophylla (EndL.) Jamiln
Harms

17 Trevesia palmata Fenans ST i3 AN, fla-we.
(Roxb. ex LindL.) Vis.

18 Asparagaceae Dracaena fragrans EdU ExS/ST &wi W.8.-6.A. N0,
(L.) Ker Gawl.

19 Bignoniaceae Crescentia cujete L. Huddiu ExST i paonl paonl

20 Dolichandrone upuvioun T au n.9.-LE. fl.e.-a.0.
serrulata (Wall. ex I
DC.) Seem.

21 Fernandoa UATNAN T au 5.0.-4.0. NI-NA.
adenophylla (Wall. wsouadn
ex G. Don) Steenis

22 Jacaranda obtusifolia #3933 ExT au u.a-5.0. R
Bonpl.

23 Mayodendron igneum — mazaasm T au AN, W58,
(Kurz) Kurz

24 Millingtonia hortensis  Uu T au N.8.-AN. WA,
Lf.

25 Tabebuia aurea (Silva  wides3aen  ExT au wa-da FG TN
Manso) Benth. & 55
Hook. f. ex S. Moore

26 Tabebuia rosea YUY EXT ay UA-UY. 130.8.-N.A.
(Bertol) Bertero ex A, Wugfing
DC.

27 Boraginaceae Cordia sebestena L. LRHGE] ExST &l naoal 5.0.-9.0.

28 Burseraceae Garuga pinnata Roxb.  axas T i3 R AR

29 Calophyllaceae Calophyllum n3z7inse T i3 fl.g.-n.A. .A.-9.8.
inophyllum L. ansivsia

30 Mammea harmandiii ansfinen T Y] FIG K ALY,
(Pierre) Kosterm. Tngy

31 Cannaceae Canna generalis L.H. wwa%'ﬂ'm ExH au naond naond
Bailey

32 Capparaceae Crateva adansonii flaun T &l nW-N.A. W.A-E.0.
DC. subsp. trifoliata
(Roxb.) Jacobs

33 Crateva religiosa G. rjmf"l T ih 5.0.-14.8. bLY.-N.Y.
Forst.

34 Maerua siamensis U9 T (2] 5.0.-4l.0. AN,
(Kurz) Pax -

35 Caricaceae Carica papaya L. UzazN® EXST dnd f.a-uLe. f.A-ae. / u :

Casuarinaceae Casuarina aunzia
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37 Clusiaceae Garcinia speciosa NeN T 3 [20] wndla ey AN, X
Wall. n.A.-N.8.

38 Garcinia mangostana  $aAA EXT il ANALY, f.a-n.0. x
L.

39 Combretaceae Terminalia bellirica auafinn T o fla-we. N.8.-0.8.
(Gaertn.) Roxb.

40 Terminalia catappa iaeal T o nIW-ALE, W.A.-3L.8.
L. A0,

a1 Terminalia chebula aualny T 317201 LULE-N.A. WA,
Retz. var. chebula

a2 Terminalia glaucifolia  Wwuw T au a.0.-6.0. 0..-5.0.
Craib

43 Terminalia ivorensis N2 ExT i3 N.A.-E.A. W.8.-5.A.
A. Chev.

44 Cornaceae Alangium salviifolium ~ Ugn3eus S/ST &wi nn-la. fla-wy.
(L.f.) Wangerin subsp.
hexapetalum (Lam.)
Wangerin

45 Dilleniaceae Dillenia suffruticosa dupen S il paonl paonl
(Griff.) Martelli yiad N

46 Dipterocarpaceae Anthoshorea NegU T au 5.A-NN. HGETCE
roxburghii (G. Don) P.
S. Ashton & J. Heck.

a7 Dipterocarpus alatus U T au fla-ue. WA-NA.
Roxb. ex G. Don.

48 Hopea odorata Roxb.  azifigunes T au FIGETCH fla-dle.

49 Ebenaceae Diospyros decandra du T &l No.-nw. No-nw.
Lour.

50 Diospyros areolata UENAU T i3 W.A.-3L8. n.A.-5.0.
King & Gamble

51 Diospyros mollis Griff. — sizinde i3 1.A-0.8. A.0.-5.0.

52 Diospyros montana MUANATD i3 LE.W.A. N8N,
Roxb. anulwil

53 Diospyros rhodocalyx — aglnun ST i fa-we we-de.
Kurz

54 Euphorbiaceae Croton wWaune S/ST Hnuan AT flp-a.n.
hutchinsonianus
Hosseus

55 Jatropha curcas L. aen S/ST i3 WAN.E. WAN.E.

56 Jatropha gossypifolia  @yjuns EXS 0] W.A-N.. W.A-N..
L.

57 Fabaceae Acacia auriculiformis nsgdumsan  ExT au paoal paoal
A. Cunn. ex Benth.

58 Adenanthera wenddu T o N4 NA-NA.
pavonina L.

59 Afzelia xylocarpa uzAlig T Hnuan ARTETCE fly.-a.0.
(Kurz) Craib

60 Albizia lebbeck (L.) ngny T oS 1.A-3.8. R RETROR
Benth.

61 Albizia A au .-, 61.0.-5.0. i
lebbeckoides (DC.) { u )

Benth.
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62 Albizia procera fadou T au 1.A.-N.A. n.A.-N.8. X
(Roxb.) Benth.

63 Albizia saman (Jacq) 91193 EXT ol an-Ng. 0.0.-5.0. x
Merr.

64 Barnebydendron Uszguag ExT au 40NN, la-lay.
riedelii (Tul.) J.H.
Kirkbr.

65 Bauhinia purpurea L. %3la ExST au LI, £1.0.-30.0.

66 Butea monosperma NBINIM T au NN, [STRI KGN
(Lam.) Taub.

67 Cassia bakeriana faungne T 212 ALY, LA
Craib

68 Cassia fistula L. NN T i AN-N.A, 0.0.-5.0.

69 Cassia grandis L. nngnY EXT i Awn-f.a. fa-na.

70 Cassia javanica L. Fongny EXT i AN-NA, WENA.
subsp. renigera (Wall.
ex Benth.) K. Rarsen

71 Crudia chrysantha dzflo T Hnuan WA, n.A.-E.0.
(Pierre) K. Schum.

72 Dalbergia Negavie T au W.A-N.A. n.0.-0.8.
cochinchinensis Pierre g3

73 Dalbergia errans Uizﬁjﬁ'w T au L3.8.-0.A. l.8.-8.0.
Craib

74 Dalbergia oliveri Fadu T au fl.a-na. W.A-N.E.
Gamble ex Prain

75 Delonix regia (Bojer mdunqm%ﬁ EXT au fia-dle. n.A.-0.A.
ex Hook.) Raf.

76 Gliricidia sepium A ExST au 5.0.-3.0. LW,
(Jacq.) Walp.

T Koompassia excelsa muﬁyﬂ T au fla-wa. n.A.—a.A.
(Becc.) Taub.

78 Millettia brandisiana  nsviauie T au ALY, e,
Kurz ﬂ""u

79 Millettia leucantha UL T au wadla. i,
Kurz var. leucantha

80 Peltophorum uuns T au 2.0.-4L0. fla-dle.
pterocarpum (DC.)
Backer ex K. Heyne

81 Pithecellobium dulce Uz WP EXT Y] naond naond
(Roxb.) Benth.

82 Pterocarpus indicus Usegliu T au f.a-ma. BLE-nA.
willd. iauseghe

gou

83 Pterocarpus Usgth T au a0, LGEN
macrocarpus Kurz

84 Senna alata (L.) Y ExS au 5.0.-N.9. 5.0.-N.N.
Roxb.

85 Senna siamea (Lam.) Findnii T au n.A-d.A. .0.-0.0.
H.S. Irwin & Barneby

86 Sesbania grandiflora uatu ExST au 5.0.-3.A. nN-N.A g
(L) Poir. { u’/
Sesbania sp. Tawswsiiu : 4 :
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@ Fangnuenans Folne ANwIE NTUNS ganAan \Duwa
(LE] Wug

89 Xylia xylocarpa [N T #numn NN, WA, X
(Roxb.) W. Theob. var.
kerrii (Craib & Hutch.) x
1.C. Nielsen

90 Heliconiaceae Heliconia sp. afouiva ExH o - -

Wiafu

91 Hypericaceae Cratoxylum sp. i T au fL.e-n.A fL.e-n.A

92 Lecythidaceae Barringtonia smh T o w.g.-5.a. 5.A.-13.8.
acutangula (L.)
Gaertn.

93 Barringtonia asiatica FInneia ST/T ih N.Y.-5.0. A.A.-N.8.
(L) Kurz

9 Barringtonia Inau S/ST 1] fo-an. W.B-nA.
racemosa (L.) Spreng.

95 Couroupita anazdan ExT i3 WE-N.A. -
guianensis Aubl. 3o gnlu

Tng

9% Gustavia gracillima TrEnssn ExT i om0 fo.-n.0.
Miers

97 Lythraceae Lagerstroemia AEUUNUI T au N.A-N.8. 5.0.-51.0.
Sfloribunda Jack var.
floribunda

98 Lagerstroemia indica g EXST au fl.o.-n.a fl.o.-n.a
L.

99 Lagerstroemia Bunsimnise T au LLEL-.A. .0.-5.0.
loudonii Teijsm. & wanlulug)
Binn.

100 Lagerstroemia Bundlaun T au fa-wa. n.A.-N.8.
macrocarpa Wall.ex
Kurz

101 Lagerstroemia Sunilath T au fla-fv. 7.A.-1LA,
speciosa (L.) Pers.

102 Lagerstroemia duosewiso ST au n.A.-N.8. 7.0.-51.0.
subangulata (Craib) AZLUNTY
Furtado & Srisuko

103 Punica granatum L. Ui ExS &l naoal naoal
var. granatum

104 Magnoliaceae Michelia alba (DC.) 0 T Hnusn A.P.-N8. A.A.-N8.
Figlar

105 Malpighiaceae Malpighia glabra L. weilng EXS &wi naenl naenl

106 Malvaceae Bombax anceps “gaﬂaﬂ“un T au UA-NN. N3,
Pierre

107 Gossypium ihe EXS au 5.A.-0H n-la.
herbaceum L.

108 Hibiscus sabdariffa L. nsvideuuas ExH Hnuan R R

109 Pterospermum Funa T au N.8.-5.0. W.8.-U.A.
littorale Craib var. w3onNENUNY
littorale

110 Pentace burmanica Fidon T au 5.0.-13.8. LA-NN.
Kurz i

111 Pachira aquatica Anlya EXT au f.a-an. f.a-an. / u :

Aubl.
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113 Meliaceae Aphanamixis i T 3 [20] we-de. fu.-a.0. X
polystachya (Wall) R.
Parker x
114 Azardirachta excelsa  d@ziniiou T 3 [20] in wa-Ae.
(Jack) Jacobs
115 Azadirachta indica A. @291 T o 5.0.-3.0. fa-na.
Juss.
116 Swietenia uzganmil EXT Hnusn W.A.-3L.8. n.0.-9.0.
macrophylla King
117 Toona ciliata M. gUNRDN T au Ly-N.A. Ly-n.A.
Roem.
118 Moraceae Artocarpus YYU ExT dmi 5.A-UA. WY S.A-UA.
heterophyllus Lam. LA
119 Ficus benghalensis L. n319M30 ExT 0] nn-la. oy,
dlass
120 Ficus benjamina L. nstieelu T 0] 5.0.-13.8. 5.0.-13.8.
uyau
121 Ficus racemosa L. usifio T (2] fl.o.-4.0. WE-ALE.
QUuNT
122 Ficus religiosa L. TweSumln ExT dmi paonl paonl
123 Ficus retusa L. var. Inséoy T Y] naoal naoal
retusa
124 Streblus asper Lour. Yoy T & HGETCE AN,
125 Moringaceae Moringa oleifera Lam. 31z ST au naonl naonl
126 Muntingiaceae Muntingia calabura L. agautlsa ExST i paonl paonl
127 Musaceae Musa balbisiana Ao ExH &l naoal naoal
Colla
128 Musa sp. ndethwi H &l naoal naoal
A
129 Myrtaceae Melaleuca citrina wUssannn  ExT au naend nen naenl
(Curtis) Dum. Cours. AN 3.A. -
6.0
130 Syzygium cumini (L.) wh T (2] A, fo.-na.
Skeels
131 Nyctaginaceae Bougainvillea o ExC au paoal mon -
spectabilis Willd. an G298 A.-
A,
132 Ochnaceae Ochna integerrima ratin S/ST 0] u.a-.. u.a-..
(Lour.) Merr.
133 Oleaceae Jasminum sambac ugdan ExC i3 naonl -
(L.) Aiton
134 Nyctanthes arbor- nssainng EXS/ST &l naoal Aon paoal
tristis L. ANTYIY .8~
1.0,
135 Oxalidaceae Averrhoa bilimbi L. [FRIEN EXST i3 W50 fla-we.
136 Phyllanthaceae Antidesma uzhlivan /T i3 fla-we. WA-NA.
ghaesembilla Gaertn.
137 Phyllanthus acidus PETHY ExST 1] naoal naoal
(L.) Skeels
138 Phyllanthus emblica ugnutlon ST/T &l Al SR
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139 Podocarpaceae Dacrydium elatum il T 3 [20] 5.0, 5.0, X

(Roxb.) Wall. ex Hook.  w3awa
wzny Jau x

140 Primulaceae Ardisia polycephala Ndanan S/ST 1] naond naend
Wall. ex A.DC.

141 Putranjivaceae Putranjiva roxburghii dszAnla T o [SYRIRSNCN fe.-n.8.
Wall. viseuzln

142 Rhizophoraceae Carallia brachiata W T dnd 8.A-NN. [ARIE R
(Lour.) Merr.

143 Rubiaceae Catunaregam ugLfnv3o S/ST 1] .ol WAy
tomentosa (Blume ex  WWNLUYIY
DC.) Tirveng.

144 Gardenia jasminoides  Wateu EXS ors naeal naeal
J. Ellis

145 Gardenia sootepensis ~ Awenwal ST i3 HGETECE fla-a.n.
Hutch.

146 Ixora coccinea L. Humywse ExS dnd AN, ALY,

Fars

147 Ixora grandifolia Zoll.  \lulwajyse ST & 0.8.-5.0 e,
& Moritzi Wuuaa

148 Mitragyna nsevjai T au 13.8.-8.8. l.8.-8.0.
rotundifolia (Roxb.)
Kuntze

149 Morinda citrifolia L. gotu ST 0] naonl naonl

150 Nauclea orientalis (L) #izQuio T dnl fo.-n. N800,
L. nswvjani

151 Tamilnadia uliginosa LEGH ST dnd n.A.-4.0. N.8.-0.0.
(Retz.) Tirveng. &
Sastre

152 Rutaceae Atalantia UM T i3 SIRIEG RN N.8.-5.0.
monophylla (L.) DC.

153 Feroniella lucida uzd ST Y] WEALA. A.N-N.A.
(Scheff.) Swingle

156 Glycosmis UBnY S/ST o AN, ia
pentaphylla (Retz.)
DC.

155 Salicaceae Flacourtia indica azaul ST i3 .A.-8.0. .A.-8.0.
(Burm.f.) Merr.

156 Sapindaceae Atfeuillea [ lalton T au N.Y.-5.A. WA-NN.
arborescens Pierre ex
Radlk.

157 Lepisanthes fruticosa  Tmzides S/ST o flo.-5.0. 5.0.-0.0N.
(Roxb.) Leenh.

158 Sapindus rarak DC. wympmne T 31201 flpa-le. flpa-le.

159 Sapotaceae Madhuca esculenta azyndni oS Aaenl naenl
H. R. Fletcher

160 Manilkara hexandra e T i3 1.0.-0.9. .90,
(Roxb.) Dubard

161 Mimusops elengi L. ina T (2] naend naond

162 Strelitziaceae Ravenala naen ExST s A.A-N.E. - =
madagascariensis { u )

Sonn.
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163 Ulmaceae Holoptelea NILYINID T au 5.A.-3.0. AN, X
integrifolia Planch. 32N
X

nueme dnwueddy; C = Climber (lia1), Ex = Exotic (unandnsUsewa), H = Herb
(lifdwan), S = shub (linw), ST = Shrubby Tree (Wifuawiaidn), T = Tree (i),

US = Undershrub (liWuauadn)

AU (TUA) AU (B1A)
o0 100 37
57
) 96
55
60
40 27 = §nd (@nimal)
11 13 = au (wine)
20 , N5 1g31 .
0 - N l - l & - = 11 (water)
Ex S T S/ST /T # wsaduanndnuan (explosive dehiscence)

(n) ()
= 1Y a o ° a RN .
AN 1 LansanNwyIde () WarauIUTAY0INITUNITNUGINGAA (seed dispersal)

() voussadliilugneuaissed

- 120 40 o
= &
= 100 30 €
= =
5 80 =
& PAURES
5 60 ¢
@ 10 =
(<Y
& 40 &
E o B
g 20 5
o& 0 -10 g
« e
S Y S Y Y Y v o0 o 0 0 W =1
¢ 3 3 % % 8 s & & ¢ & 8 &
€ € @& € @F € € £ € I € & &
c € € & £ @ =2 & W Z F & gg
el
. AuuTneaanaan _ nuttaiueg

R o ¥ I
m— IV HLARE (BNANTALTEE) e 1Funninciuaae (afuns)

o ~ = ° a <, s o a H
AINN 2 L‘LJ?EJUL'V]EJ‘U"U'WU')‘U‘GUWVI9@ﬂﬂﬂﬂLﬂuma‘ﬂ@ﬂWiiﬂJ‘lmuqmEl'TL!a')iiﬂ AU Usunadau
= a a a o = ' 41 =
iy @aduns) uazanmngiade (eerwadua) lussniaflounsngiau 2564 fia

Wauliguieu 2565 (anndenlenineunsaisse, 2565)
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31 sdrsviavenssaldnugnlugneiuaissd nunssalsiluisdd (Fabaceae) uniign (33 viln

21 @na) 50989170 219AL Y (Rubiaceae) (9 ¥iln 7 @na) waz29AuARNIIAIS (Bignoniaceae) (8 ¥lin 6 ana), AuaIRy

v a

Wesnmsdnivualvg wusesnidu 3 wddes finssydulauiuidiiudsnndeulanluinasiufvesniawile

'
°

nowa1e Agldanmgionandusunaninu 1ade 4.5 1addns guualigegauazenan 34.2 uag 23.8 A gaded

q

wazaaumnidensl 29 esmwaldiua saunwavesnnuulufiy wasdiuawie Yseneudunssaldlugnetuaissd

<)

drulvgresuvinaanaudinizdindiliuasaissd Jmunniige wansdnwdnvagddede nuduldduunian

q

' ¥

(100 %iln) sosaunldfiuvwiadn (27 ¥iia wazlinu/lddurwadn (13 vdin) Jadunsdiuldingiuiddeluandes

o

Hglunsgaduusinaiieasveulasenlediazigeendiauriunseuiunsdunsieimenas Walssuiflsunanis

v '
a 3

d19luaselivan1issu (2558) nunssadlidflunminerdesigdguasaissd (suunuiiqudnisiSeusgudng)

9 Y

£% o 1Y

$1uam 82 29 228 ana 303 viln waznuRwRATNTgauY (35 viln 26 ana) uazaeaAdesTUNATBsERYA LAt
Az (2560) tnAnudenuiisuaznsliuselovdvemssaldusnauirtrasisadsslond Uruau mauiaduarnal
Sunomssaind Smiafestdn wunssailsl S1uau 35 29d 55 ana 64 vila uazredRwULNTIgARelNAda (7 viln) ud
Srunuvdafinuinndesuandreiull Mniuiivesmainedenasuasassd (118 19 Qunsunaidios + 500 13
(lwansunengueds) snniiuiignenuassd (316 19) uastrdransisaselond duau (37 19) mudid
nansAnwiszeznseenaen wuluraggfousnniian senirafeuiunaniafousiguiew) lnenuludeu
fiurmn $1uau 100 win sevawndudisgguun seninadeungaineutiadeununius Inenuludeununius
$1uau 88 vila uazvagiu sTuiaeuiguisuiadeunainy Tnowuludounsngiau $1uau 55 vl eaainms
FugguntIsnsedunssalilindnninen usiaudusenuasnaluggfou snsdeatuiinssulivassiandaly

¥

WHo9nAudANNTU AU ldaraua15919N5UIN F9LTD1TSIINSHARAIABNLALDBNABNNALLNET LA LA FEaL 1N

o ¢

Farfeingd Wy il Aide AnsA1a e un Wudu miaaﬂmmhmgﬁauﬁ Freduundsemsvesdnivanevin dtelu
nsHasnaTneden msinssalsioenmenluggiouvaglusis viendeuuanluseu fdwtienseazosunasiagas
tawly wardlufadudsinunton ieasmndodniliuoaiuldine vieldnduiiufe Fwonadostusnidores
930U UazAuY (2547) nunavestndnualvansiadld ushandumefnwsssuwdlugnenuuvisnanivg sening
\Wounsngau 2546 fufieu figuisu 2547 wud1 nseennenvesssailiinniiaalufeuiiuvian (19 ¥iia) was
onndoafuNan1TITeres Moungsrimuangdee et al. (2017) wulsiiusennonuniigaludiouiiuinu (Fuggieu)
9nnsAnwszeznsiduna wudt wssalilugneumssdidunauniigaritiulurlagg feudurengry
(77 wilo) Tufouwiey wazifeunsngiey uaztiesiigelutisgguun Tudounuamiug (65 win) 1esannnssalsid
msusuilnemsiannalsignuaviuiugry dedndusemsunsiugiuda tenssendusundy uazesaiulasdeld
1§ aonadeaiuesousd wazamy (2547) lamudmssaldidnadunanasaiad Tnswuandiaaludounguains
(17 %iin) ndntu fnssalidosein neeaidunaluFosy daunsuinuanniigsludounsngiay uazaonade

Moungsrimuangdee et al. (2017) wuanliifulunamniigaludiouiiuiay (Fuggsen) dauszesnises
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UNANEa

nuATeililendnuaznageulszaviamdsausouresdudausiindnann fagmiefisanaiusnanns ua
msdieniesnuuunstievennssuiunasanusauishumalulagdulringiin lunisidndusausduadld
A slslonam uazildenmasnamaiininuiouds mndusnaududuiasualiosiBen tlusauuudetusasi
Wavaa 3 gns A9 qmﬁ" 1 Adlsfenannsn : uilatu : 1 ludastdau Ao 2 ke : 250 ¢ : 1,400 mL, Ejj(ﬂ'ﬁ?ll 2 Waenwa
a5 - ulastu - 1 ludasiaau fe 2 kg : 250 g : 1,000 ml, LLazqmﬁ 3 Adlsoneanns : wWasnwasnws : uileiy -
11 ludnsndn Ao 1 ke : 1 kg: 250 ¢ : 1,200 ml, Ay LLéj’JéIﬂ%uEU Wguiildlumnuanliuis waznagoum
Anautinisdiuamiousrie Ao Anufeu Usinannuty Usinand gumginiswnlviiade ussssnaims
wilssd wansmadeuwuIl gnsil 1 fe Sdarwieu 6,853.21 keal/kg SUSinmAITy 4.804% SUTinandh 26.250%
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ABSTRACT

The purpose of this research was to produce and test the thermal efficiency of charcoal briquettes
made from waste from rubber plantations and analyzing, designing, and transferring the production process of
charcoal briquettes through infographic technology. In the production of charcoal briquettes, scraps of rubber
tree branches are used and rubber seed shells by using oily flour as a binder. Bring rubber tree branches and
rubber seeds to dry in the sun. Then burn until charcoal and grind thoroughly. Mixed with tapioca starch and
water, all 3 formulas are formula 1, rubber tree branches : tapioca starch : water in a ratio of 2 kg : 250 ¢ :
1,400 ml, formula 2 rubber seed husks : tapioca starch : water in a ratio of 2 kg : 250 ¢ : 1,000 ml, and formula
3, rubber tree branches : Rubber seed husk : tapioca starch : water in the ratio of 1 kg : 1 kg : 250 ¢ : 1,200 ml,
respectively, then extruded. Bring the charcoal to dry in the sun and testing for various thermal properties,
namely calorific value, moisture content, ash content, average combustion temperature and burning time. The
test results showed that formula 1 had a calorific value of 6,853.21 kcal/kg, a moisture content of 4.8049%, an
ash content of 26.250%, an average burning temperature of 250.63, and an average burning time of 160 minutes.
formula 2 had calorific value 8,127.21 kcal/kg, moisture content 4.370%, ash content 26.250%, average
combustion temperature 270.2, and average combustion time 180 minutes. Formula 3, heat value 7,657.40
kcal/kg, moisture content 4.485% with ash content of 26.641%, average burning temperature of 258 and average
burning time of 180 minutes. It can be seen that formula 2 has the best thermal efficiency from all 3 ratios
produced. Complies with community product standards (MCU 238/2547) in every aspect can be used to cook
well no crackling, good flammability, little soot and smoke. After that, the researcher designs knowledge transfer
through infographic technology. To those who are interested can browse and browse in the form of multimedia
media. The media efficiency was evaluated by 5 experts, divided into 1 person for content, 2 for media design,
and 2 for media presentation. It was found that the total media efficiency evaluation was at the highest level
in all aspects 4.93 and take the media to evaluate satisfaction by 30 interested people. It appears that the total

satisfaction assessment of users averages 4.48.

Keywords: Charcoal Briquettes, Fuel Briquettes, Rubber Seed Shells, Infographic
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ABSTRACT
The objective of this research is threefold: 1) to develop an management information system for the %

rice cooperative fund in Don Khao village, Changming subdistrict, Pannikhom district, Sakon Nakhon province;
2) to evaluate the efficiency of the rice cooperative fund management information system in Don Khao village;
and 3) to assess user satisfaction with the system. The development process follows the System Development
Life Cycle (SDLQC) and involves the use of PHP, HTML, CSS, JavaScript, SQL, and the management of databases
with MySQL. A sample of 49 people was by using criteria or estimates from the population. The results show
that the information system for the rice cooperative fund in Don Khao Village is practical and significantly
enhances the efficiency of fund management. It facilitates convenient and rapid storage, retrieval, and reporting
of information related to the rice cooperative fund, thereby reducing the risk of data loss. Additionally, it
provides a more convenient system for borrowing and returning funds for rice cooperative members. Based on

the performance assessment results from experts, it was found that the overall performance of the system was

at the highest level (X =4.58, S.D. = 0.46) and user satisfaction was high (X =4.51, S.D.=0.55).

Keywords: Management Information System, Cooperative Fund System, Donkhao Village Cooperative,

Performance Assessment, Satisfaction Assessment
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ABSTRACT

This research presents the development of an application to provide knowledge on conservation of

218a183NeIAEnS IAINSSUATERS na:inalulad ukadnendusisnniae



mailto:xxx@xx.xx.xx.xx
mailto:xxx@xx.xx.xx.xx

Ui 4 a0UA 1 (2024) : UNSIAU - DYUNEU 2567

o1sansdneFians SFionssuAians nazinalulag
UH12NE1aeusS18NNIAag) o

‘ Science, Engineering and Technology
R I | AJABHAT UNIVERSITY

efficiently in data management for facilitate the general public and those who want to search for information

about valuable wood. The researcher designed and developed an application using the Glide Platform in terms 3
of managing user interface with users. Including used for storing data in the application. Part of evaluating the
capabilities of the designed and developed application. Tested the capabilities of the application. There are a
total of 113 actual users the system and answered questionnaires to assess their satisfaction with the application
that was developed in terms of user satisfaction. Quality aspects of the overall system Quality of the application
Quality of service and the application implementation and Further development of the results of the evaluation
of user satisfaction are at the highest level. The overall quality of the system is at the highest level. The quality
of the application is at a high level. The quality of the service is at the highest level and the application

implementation and further development are at a high level.

Keywords: Natural Resources, Precious Trees, Glide Platform
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