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Solar i1 sotropic generator of acoustic wa
Tirso A., RAhhgeilson D. Amante, Gina R. Ej e, Edcel T
Batangas State University The National Engineering Unive

ABSTRACT

The Philippines, |l ocated along the Pacific Ripnrgo noef ciFonurnet |
the worl d. I'ts geographical wvulnerability exposes s$ht n;
human | ives, livelihoods, and critical infrastruct ehes. F
devel oped an early warning system called solar isot+opi
powered early warning system that can be remotely tri
Additionally, a customizable sensor input board was des|

compl ementary website for system monitoring was also o
devel opment al research nietbbdetbigyes o Blihs eappthachltiunyc

early warning device, developing the customizable senso
creating the monitdar ikrey wdamdiitng.s The |l sdedy he successfu
systems across sever al municipalities in Quezon Provinc
were engineered to provide alarm functionality for mult.i
pins compatible with both digital and analog output sen
tested for reliability.

Keywoeradrsl:y warning system, wireless sensor network, GSM

ReceiOceadber Rev2@24ember 28Mccemm2zetdember 6, 2024

1.l ntroducti on systems to evaluate their str

Bat angas State Universittyhisi,n tchoel | aeamatiiocns@dt PNt neh
Department of Science and STe&nbarogwarepossormp opeditesn Wwhi
4A, successfully deployed Ma@dYlagarijtsyot r®yplitci ferd i ptnAl | oY
acoustic waves (SIGAW) wunirtediahilviatrousanghungfcfiipailangk.s
across Quezon Province. TKoOMPORen§i at i V&clwadi npdarftijrcrowaarre
significant due to Quezon'kNierhasgedn WEeHH gda hael Em&sd etrh &

of Luzon, making it highly vulnerable to tsunamis gener a
in the Philippine Sea or tRe PaciMaitce b¢eaans [ ajn.d met hod

Quezon Province is classifiTbhbdsasthlhalyi nugsead htilgdh &8 paamm
hazard, with data indicatimgtlaodalemgy,r fhasnysdtOe¥napgrichadp

of a potentially damaging teshami zabteaer handgwwairehifort rearn
50 year s. The critical needl| feodd dpsogaoat inge andd saeséein
preparedness was emphasi zeaf fbeggycthiivsetnoersiscaanckvadapt abichi ta
t hem@8g@itude earthquake t hmet Bbducvwkasnoratplpd a £tder no J agpxapl o |
on March 11, 2011. This eivemov gotrioonmpst efdort de sBiitleirppiree a
I nstitute of Vol canol ogy and Seismol ogy to rai se t he

t sunami al ert l evel for t2h.el . e Astses s memtasdfl i lInegatiimooml ud,]
Quezon, from Level 1 to Leveéellhe2,r eseae cdhietr st iunsge dmaan dsattrourc
evacuations in coast al t owvwnhse. MdwBdch suntabdéept si tumsdefregrc os e
the urgency of developing wiftflectdiev e ne &gl gtbhveaa tpir wgge,cty svth ¢ |
for coastal communities [2dBFaster preparedness, sust ai
The SI GAW project addr excxamnmunh hecat inere dc atpharboidg it i & s . Fo
di fferent approach. The reseaephebs | ibteygatmo btys ugratmh e reivnegr
essenti al preliminary dat asyspgeaa ffiocr tnoo btih e i( B®IMg mennrett amoi
areas and benchmarking exiopteihngpéascesamuiteabrlley fwwar npihnog o
and accessibility of the insta

*Corresponding author
Email address: tifusedruampctduil |l o@g. batstate
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Data collection played a deerntgrnalprroales si heiglae &s $ é&s 3 he
Field surveys were conduct@Camptedi eleeda ldieastiggnp  CADY) i &slof 5w«
against t he established c¥.itTeriisa.al Thwed foUTr payesi swee rw
suppl ement ed by consultatitome twiwtelh . | Dltal t osamea k enhaosh ddee ssi
including community |l eaderssol andparneesisdenstisx, 126 doBaAt hseirr
gualitative insights intotdoktalseneadads pbatchearlileesn gaensd, e la
vulnerabilities.

2. 2. Design and development of

The devel opment of t he al ar a
structured met hodol ogy that i no f oa pr
circuit board (PCB) and the foa 1inl ess
tower. The researchers began by ystem' s
functionalities, which were di Jul es:
power suppl vy, mi crocontroller dul e,
and relay output.

Figure 1 shows the block dia t he
interconnections between the m as a gu
to ensure the effective integr nent s d

the devel opment process.

M

Siren & Strobe
GSM Module My Light FiguBd® 8esign of SI GAW tower
-—)

The design incorporated spe

FigurBd otk diagram of inter¢apRegéht?RBds & o faph&n Sty@AW nMo un
uni t. and frames were included to
panels at an optimal angle fo

2.2.1. Board devel opment The six 126 dBA sirens were s

The researchers began theecogBgRPedesd 9Md YoveF 8gEi BEBd
individual circuits for eaghomgdg! en. UShBIeeekdGUUPREC W@
software [6], as shown in FRjiglmeg ZandT i hMQAW¥e8Mm KURRAledncCia
was designed to convert a 12W DfatidPpitodifnt eanel 6s§@abée wa¥
output, utilizing componentpytSiuecrhi e&S @ndv Okl 88ersR0d! 2l
smoot hing capacitors to ensfuremr @htabP! g ngRearsat iPNd ot her
enclosure was equipped with s

watertight seal , and ventil a
included to regulate temper at
moi sture intrusion.
2.3. Website development
The devel opment of the webs
War ni ng System followed t he
approach all owed t he team t ¢
providing flexibility and en:
t hroughout t he devel opment p
developed incrementally thro
feedback and adaptation based
evi ews, and updates were <co

FigupP€B2design of the S'GAWebrﬂaal fled reliable and respo

. requirements [ 7] ]

The microcontroller was configured to interface with t
GSM module and the relay outyputp,,Fhe naRltayyLiirfdditonvas
specifically designed to actiry]@t%|5ppn §9§teé1ma\ﬁéjs sit d Otbeyg
serving as the system's alafm Hnegh@g otk seerd  ittrs g@®emMing f
2.2.2. Tower mast developmeip i odi c ta u§ reportlng

To .ensur.e t he structuralthdtnttgrgé s‘.tem L |t_ﬂyd,rrg\|
functionality of the tower masdt|t|ln 0S door enV|ronm s

2
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The baMed triggering c a plaahbbillePtr £ | iwmisn atr st ®idt ebyassessi

sending activation commandsAtfimeman unvibti | ien sdteavlilcaet itod .t h
system [8]. Upon recelv.osngC_c}nnseidecroamArH%r}]%Az tnAe_3 sysr4em
response was oObserved, with_—_immediate activation of t he
controlling the sirens and CsotmlmH'E)'tylights_. Multiple test
conducted to ensur e CO”S'StvE‘e’Ms a?nd “r”é‘l“’% abl\é trivggerir
confirming that the system r(e)csgsaneodggégmptly to command
regardless of network conditEpPINFl-ar nwet worwk v v

To evaluate the periodiccenmecus omeporting feature, t
system was configured to se@gmpenumpdataetso via GSM every thr
hours to a designated mob|flae0'|d'etva|tcegtf[99 These wpdate
provided <critical informatlsoh::%fr)n R tﬁ(\a/ system's oper at
st at e, including powe.r supplcycesglaglulsitangfGSM connec'F|V|
The messages were monitored,;[@ |nnsstl'ér|>?a¥|ho§<ny we, e regceived
the expected intervals andsptabat their content accur at

reflected tchhendd ytstoerm
During the testing phase, Baatedspatdmbhwasl mohdtostreqd

under varying environmentalfocrontdhet|%In%’a‘vf/ounaistse-snbs'[lat_lsI agtyl,
and reliabilit An deV|at|oCnesssfarroymCrlterla tha{/|S P

) y.. y t'sunami &V P S ?fers t'eq i a
as del ays i n triggering obronq,l S¢Sesd s%tf"’Ftﬁbﬁthpd@b%%e we

documented for analysis andgnsdy sitsemgd¢ edd niepneet fodhi st asp
met hodol ogy ensured t hat $ hggesltartrhatsyA4 eims mehte mo st
requiremenbaseddrtrGSgering tdrd deplocypmeat tafekhe SI GAW s
hour status reporting. of Atimonan.

] ] Table 2 presents preliminar
3.Results and di scussi OiNmplementation of the SIGAW
four different l ocations: Ros
This section presents thePd®&%|BarangayeHal IGA(,Z)a’n Can
. . %G?)), and the Soutp Quezon Co
warning system, focusing o i‘'t's "overal’l mahnce an
effectiveness. The discussioBrhSédH@ﬁp{ﬁésprof\/elsd &g fipdgp
emphasizing their significags e Tfaohr edi2ga setnelr gRse R’ & hrre s
the potential i mpact of theumiytstémstallati on. Thi s |l oca
criteria: it is situated in
3.1. Preliminary dat a gatheerv|er{1g} sonOfr%r?lreSmenetla'tqblne a% &lal
. ay at e spac? % otovolta
benchmarking of related produc for y P g
) . acces |b| Al h tlon.
The SI GAW project involvegdg gg %gr Ic&\ss tonf arr?o tv'éﬁﬁ}rso
successfully implement t he dseypsiteymme nltt dfe g Ae WISt lGARY tsrycgrt
examination of the propose®Gumasa.all ation site to asses
viability. Following the site inspection, the SI GAW uni:
installed as the central JdERIFRERL I Midkdlelr afi & cAGFES W
considered in the process: ?%Ta%%s%%'ptt"bnsft'?lIqt'?%'unami
(b) selection of a suitable |08|§f5|d'e°rat(§]xe>r?sc52th%3|OCG‘?Ll gov
uni t (LGU) of fice to ensur e—access internet conne
for server installation, ?gTqa&:tch\/e’;Vﬁ%%d}ofov anyopen
facilitate the charging of the solar power system.
: Access _to goQ
Table 1 presents preliminary data Iected before t1
i mpl ementation of the SIGA\/\/CeAltl“rlnéharhe"uwrf’lrtk Gt al 1Yation
four different areas: Pobla%?cotnlofone I’ V Barangay Hall (
Villa | baba Barangay Hall O&f)n,ar\/eial 8 Il aya Barangay H:

(A3), and the MDRRMO AtimonéﬁCiolpietraéteibvheCCe\hnatf@VnGAX).
of PV system

Accessibility ofxthe
installation space
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Table 3 presents prelimirnfary pdhacttao vaodItlad cct esly sbteefnor e h a o
i mpl ementation of the S| GAW rstpeelzl autniian.i nEhedd ataomorn a ¢
di fferent areas: Pansol BB8aamagagyy HAAdll (ilsl)t,heSawmwstloap
Barangay Hall (L2), Santa Udepé¢oygi Bgr drmeaySIHBAW s(yLs3t)e m aw
the Barangay Hondagua Healt@GalCawmagr (L4).

Tabl @&r8liminary site assessSmeént Deastignfamdt lev &l GAWent

Lopez Unit installation. with modul arity, multifunctio
_ . design, reliability, and effi
Community Pvrone v v har dwar e, wi t h a strong -empl
to Tsunami events functionality, reconfigurabil
Access to good efficiency, was outlined in s
cellular nevw wor kv \% \%
connection 3.2.1. Board devel opment
Open area to The devel opment process beg
facilitate he y y y desi_gnin_g t he _microcqntroller
system designs wer e al so developed
Accessibility of met hods, such as manual etch
the installxti onx % Vv met hods, such as PCB etching
space explored, although concerns
industrial applications were
Based on the provided inforT atenosnu’rel th'igtg] g&ie&éﬁt'tophgp
(Table 3) stands out as t he? 'fetstt® 3¢ VRS p°1Ye Ssolutrecefdor %t fe
. . . . mail nht ain Lhdoraus Ffa ards
unit installation. Thi s |l ocatli on sattl I es a 1 [<] ne
. . ) . . . .incorporated moduhar e@t ur e
criteria: it is situated |fnunactcioong]r%u|ni|tty aantd v'egrhsart'islki + ©
event s, has reliable cellu\llgrrionuestwr%or u¥cosnnescutcih0nas ptreomr
adequa?e space f_or photovoI(ljlgl\?helslysg1 mG%EAaanbﬂ ES‘T’In_q'h'e n
accessible for |nstalIat|oneffTeCetsievefI ctaOJasptco{J)e%tllv\éeflsye
t hat th_e Barangay_Hondaguacol—lln %lntirl‘,atcfagﬁ?rreq'usirtefﬁq%ntméj.s'[
appropriate and suitable sitep Orpaq‘%p|81y'nignctohreposrla A\ngsy
within the municipality of LopPe€fZications were made to tfF
~ Table 4 presents prelimingry u‘&%fdaaC?'_r'a%r%&l?&'oﬁee&rPrbo?d offgl
i mpl ement ation of t he S'GAWOCQLM‘OHG'u%n@te%rb'Vticb”?ts?\/llDlat oG o
fou_r di fferent |l ocations: b@b?%'l@iB%@'ﬂoﬁﬁ‘\&ﬁ‘@@aé{nd"adésﬂg
Tami s Barangay Hall (C2), Daphgp nBay amidcaryo ctoanltlr oliG3e)r. daens
Sinag Barangay Hall (C4). exhibits a remarkable level

various sensors and communi ca
Tabl &réliminary site assessopmgrt sdaetaas yf oirnttehger a%li @AW c ap e

Cal auag unit installation. temperature and humidity sens
: : and monitor temperature and

ConsideratGlonsC2 c3 c4 unit. This flexibility enabl

Community Prone to customi zed solutions to me et
. v \Y Y v .

Tsunami events |l everage the full pot eibaisald

Access to good sSsystems.

cellular nex wor K X \%

connection

Open area to

facilitate he
charging of PV v v v
system
Accessibilu&y of>< the>< v
install ation space

Based on the provided inf
C4 (Table 4) is the most f
installation. This Il ocation
is situated in a community

a reliable cellular networkFlcgounMaed:mﬁlom(iB SoInQ)AEVMdesbaardpel
4



Ronquilo et al./ IRJIEST 10(2) 2024 0107

3.2.2. Tower mast devel opmewdr iacmds i mat &g &t iea@dn modul es.
The tower ma s t assembl y opptaiyneidzi ag kdar dwadree i hunchtei on
hardware setup, facilitati ngomphat iibnisltiatlyl aatciroons sofaltlh ec oPnp
which was <cruci al for power i nSg GAWe &Sil AV toi tp.r olvn daed da t &
an alarm system was integr aftierdmwanrteo ttheebepmpnt o waltenr ta
potential t sunami events, ddmbierhayt ieomhaalkli ogwed hé orsy dther
reliability. SI GAW operations, i ncl utdii mey
The installation of the 8BGAWswahtas waesmpearartiugdcke , o bhur
with support from the recipi &ngutecad Gd V¥ ersn meatt itensed n tiotined i
shown in Figure 5. Foll owi mmpntihe rii mgt aslylsateinon, T htihse soypsetre
of the SIGAW units were testme tdat ansuuprdeatteltsatr d chaeryd iwiogu
perform as expected i n thhuemi civteynt|l ewv €1 sa atnsdu rmoa nhie.r st
Representatives from the nnhnﬂrfmn t o f Scianca
Technology Region 4A were SIGAW At ese
events to oversee the insta DveP SIGAW dur e
Battery Status: 10.47 V Device ID524
GSM Signal: 30 dBM Alarm Status: OFF
Temperature: 30.90 C Battery Status: 13.49 V
Humidity: 95.00 % - GSM Signal: 30 dBM
Time Updated: 2023-09-01 06:20:55 / : Temperature: 30.90 C
—W_ﬁ [T Ton 7 Humidity: 95.00 % S
= k\x W Time Updated: 2023-08-30 13:06:30 I()f&
[ - )’ | 7\ o S ~
P a '/( N
Gl | O e o
L
WT:’F‘é ):\— Santaé;ne
Z sicAw fers
= Device ID: 23 4
Mo SIGAW . Alarm Status: OFF /
Devic 1022 = ¢ Battery Status: 10.47 V L
e 8 ): GSM Signal: 30 dBM b=

GSM Signal: 28 d8M

Temperature: 34.00 C

Humidiy. 38.00 3

Time Updated: 2023-09-24 19:42:56

Temperature: 30.90 C
Humidity: 95.00 %

Time Updated: 2023-08-31 11:02:51 n\w\

A B

g L= ot~y
Figutasé6all ni
The ®£ndntprogramming phase
devel opment of the wuser nt e
interface (GUI) being design
platform for monitoring the ¢
data from various sensors a
ensuring the system's efficie
3.4. System testing and calib
To ensure effective functio
were conducted. Table 5 pres:
transmission, with each row c
Various parameters and measurt
recorded, including the trial
in minutes, alarm state, humi
degrees Cel sius, date, and ti
Figudesballed of SI GAW units Tate (ta)i aAd4,nu(nbb)erG4,1 o(cca)t eLdd , i
and (d) C4. distinguish and organize the
facilitating data tracking ar
3. 3. Devel opment of soft wacel ucnonrmp otsteal doaft af itrrmawasrng samaor
online interface at 180 and 181 min for all t
Once t he hardwar e componacnctusr awer ewi tbsitghreeddadmd t r ans
fabricated, the -dedelporpongernetmei® guilsasdbk n. This parameter
became essenti al Thi s programmhaemi tetnesdu rdeudr i h dh att hetstee t

hardware functioned correctly and was compatible with t
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Tabl®atbha transmission testing.

Trial #Speed (mAharm SHuwumiedi t Jempdr at ure (BaLhe Ti me
181 0 95 30. 8 July 1, 2028:08:00
181 0 71 37.9 July 1, 2028:09:00
' 180 0 45 42.6 July 1, 2028: 09: 00
181 0 48 41.6 July 1, 202130: 10: 00
180 0 44 .5 4 4 July 2, 2021B30:14:00
181 0 57 38.9 July 2, 2021B3:15: 00
’ 181 0 78 34 July 2, 202136:16: 00
180 0 91 32. 4 July 2, 202139: 16: 00
180 0 6 2 37.6 July 3, 202133: 20: 00
181 0 74 35.1 July 3, 2021B39:21: 00
: 180 0 88 33.2 July 3, 2022832:21: 00
181 0 95 32 July 3, 2028:22:00
180 0 6 4 40. 6 July 4, 2028:22:00
181 0 33 48. 8 July 4, 2028:23:00
’ 181 0 31 44.6 July 4, 202130: 24: 00
180 0 40 44 .1 July 4, 202133:24:00
The "Humidity (%)" column heeconudy Wasymade hooni dbte pr
percentages, primarily rangéesgl tfsrrom 95. 00% to 40. 00 %.
Notabl vy, Trial 4 exhibits ahei gpnriofjieccatnt Iby g &m g hweirt hh ugni a
l evel , reaching 33.00%. collection of preliminary C
Te mperature measur ement s, irnepcloerndeendt aitni otnh ear e e mpAe rbatnicrher
(AC)" col umn, show some f | oot weatsiuogres that ggbdeeiSdIGIAW 5§ ma

within the range of 30.80 A ttho dxXi $00i Mg a rt Biumalmitde @ hencdolyc
hi ghest temperature, reachifmgu dda t8i0o ALI. phase provided

The l ast t wo col umns, " Dleetce-fsd kainndg 'ahidme f'f i pireowti dgr oj
information on the date and TthiemeS|I GAWesaght ellmt wa sc od € seicgni
These records span from Julfypycils 20n23moduwl alruiltyy , 4, ml0t2i3f, u

are documented down to the rsegpeadl. design, reliability,
Tabl e 5 presents a seriemsodoffi dat aonsr,anssurd s sa 0 nt hter ita
conducted over several days(,SMDr)i maampdo/nefrotcsusandd oadpestem
how variations in humidity haanvde tiempreo adéad rceahpemabys YVisrmpeagctst ar
transmission performance. @mnmiser i pgar amemeess fswtcthr easnedd
transmission speed, remain rlhaadaddit yorrcotnesi Bardivaraec riomfx
majority of the trials. of SI GAW' s software component
online system intetrifrme emo rhiatsc

4 . Concl usi ons and system managémeanbti.l i Thye to
The SI GAW Phase |11 for kKeueadtna PBrULWi nakse tiesmpegr atur e
significant effort to str etnfgdbnletns dojPsearsatedrr sprtedp aMackithek
enhance community resiliendartReEbugRAS®BMiRVEidhad: jSoms i @i {
Wireless Integrated Solutionfe$bikndgEnentdhermadli PReAstpOMNs el r

SI GAW early warning systemComfhijrsm ithhe i gptiadakuypPeddHf una

achieved its main goal of TAE¢EI ®PiOREdWr erSe |6 naspuree dt & nrad

eamlay ning system. By addredB8fng ejatdy stplecP HPBODQYL | £dtiit Vs
event s.
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The project also demonstrat2édd 1295t 6Avmag | ab mei tfmeont: tlot
community engagement through . prroadmg.ny01se88i 6h4g and

t sunami dril |l s. Local partje] paefj wamwierR, ekjumgrped, wSadlhart
necessary knowledge and skillsol ao @eheotaotveol aadc maiyrstt ims
SI GAW system. -drmr adegnon htamatsiGdrivls vaonidc e channel . Energy

interactive discussions, par t2i0clidp d@¥thsl 5@8eanéeédbhe cformpm:e he
understandingg oé6tntheomsgysaed htspsebpooiseonp/ 10. 1016/ j . e
various tsunami scenarios.

The completion of the devel opment and installation of
SI GAW Phase I 1 for Quezon Province has contributed
significantly to building infrastructure designed to sa

communities and ensure their safety.
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Datda i ven analysis of far mer profiles a
kapeng pracdkoti on and farm diversificat

Batangas

Janice 'F.APeoaéthe V. Chua, Jen Aldwayne B. Del mo,
Coll ege of Engineering, Batangas StaBeaet ngasersPhiyl Thei Na

ABSTRACT
This study examined f act orksapaefnfgechd rfragleoyfi @l i raqrdi prBdt a md

on the roles of farming practices, i nrhetalsdd U ca up retofa aadtned w i
interviews and farm visits, data were collected from 19
far mer experience, gender , farm si ze, production met hooc
facilities. Correlati-onopnédhyminagréveasl €O0d 6d4hat farxmeéedg e
access (r = 0.75) positively kapgdmnue cwddaeko i m (Biae lachgasd
correlated with higher yields (r = 0.-%33ha)uwi tntoti mpireoda tt re
more financially efficient. GendOe.rl 2wa swisthho wonr otdou cht @ wen  miy
engagement across gender s in farming practices. The s
infrastructukapemg ébashrasnkcogngr ofitabil ity. Findings sugg:¢

warehouses and support for younger farmers could bomast s
across broader areas to deepeknapendephardantldd ngnof the var.i

Key wokradpse ng, bAaakhbng practices, profit-@abopitagrmiaggi cul t ul

ReceiJwende: 10 ,Re0B4epdtember ABdOcemNb&dember 8, 2024

1.l ntroducti on rural economies of the Philip

Coffea,|l cbenmbohkalpeagn basl®y province for this unique
tropical coffee species thatoltdhrifdv@yorn whaweVvenrumi & mal il
typically found in lowlandSt@&nibweantmohh alnlee "gagsn.f oirecslt &
open scrubland. It is primabiagtreucittuirveat eddnda 0 g tefy@itn
bet ween 400 and 600 m but cStnUhY s8i &% oW OoweeIXIPlaotr 6anh § wq,ifrk
to 1,200 m. This species falemelr s charnamaterlsi sWiitCHs . awd rodg
temperatures ranging from 2f7adicafifoe &t Yaice lath da ke qlufi @ feist ahh
rainfall of 1,500 to 2,5060mmhefemmhapeemant gafowrhr i cu]
Kapemg akoa beloved beverage FArTtmgé PHEMPEHpARBECENndaNneg ¢
particularly renowned in tR@NBHEMNYtasdHGioviihte, Awheeran
abundant production has madlehet agdopdd 8mI e0fl ocBNOPRAbUHYUYER

Agricultural productivityPiadactiingesen@edemyamd maqri g t MR
factors, including farmer BembgFapmides staadmndmadfhgé me mt
practices, and land use stiddke&diyed o ARMRI ¢gMen§ eBH¥X3IBCQGr
can yield valuable insightsfaromergptiwhizieagrphemthg! bpem
and promoting sustainabilittyechmolpoggriteisc,ul @ttt emnyackt e
dynamkapenfy ppardailca i on i n Bdtef£iEds tregqgsspkg 4dheir operat
close examination of-show dsSriafghe, fdfamdctrexliestiitsfarming,

gender , anidn teexrpaecr tir @emicteéhe df afradcdtfd rcu I jtjugeal wor k but may hay
land ownership and crop @MmdddcetCihonmo! e@xnhpgpprased Thg sm
understanding is <crucial frorrodiugd dtviiftyi dd] opportunities

growth and improving agricul thudrram Siuz & o m88. PCPfdfucd ifodr nii

especially thapendtbuasakoarn 8df ¢ ®@Metsh.e Smal Il hol der farmers
of |l and area, which restricts

*Corresponding author mi xed farming practices. As n
Email address: jawmiedupehal ta@g. batstate
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l andholdings tend to have boetthteerr ro@lpatredinifticeé®r 8§0or wihntceh

crop and livestock productipoerseheadi mg mag omormessesastcain:
agricultural systems. Divermriddeds fianvis!l wadk th&E@ackey sgeari g
manage risks, i mprove soilangledlatrmm Vviasidtsstabilize 1inco
streams, especiallykapenvgl|lbai daleomarkets [6]. For
farmers, due to low incomé-3frldh&eeeifrieerfvdreMisSng and

challenges such as <c¢limate 'cnhtaenrgVeieW$naNV)¢rQ‘a?%6¢§Ctaerde\
consi dercirnogp pmunligt ior abandonPHb"E%tffegeercsolatb| t8d@ingj nf@ar ma t

altogether, which depends h@&\?fIY)'/eW% Odv'éj\}aéjllgﬂf"fi{Qt
mar ket access [7]. gxper|ences, engles, q
Datda i ven met hods have tlr%,sntsrf%?q?nrét[ds anrr|ecuﬁj?ve ?pe. !
. unlversltles nder t e Build
research by of fering ways t o Flna gze Iar%e datfasets t
. . Deve ?Bﬁ] nt al Goal s 0 r Engi.
capture multiple wvariabl es, I hc |n% farmer é}lemograghl
: _ p_lrogram, I cludlng avi.tie t e
and production strategies. .hese anfblytlca. t e PbrM ueﬁE
. . . _ Mindanabo niver sity (Z Ug, a
for the identification of par:t Ehyns etnd corrglatlons t hat
) . o u), aguha tat e PoIP/e
be obvious through trad't'OWianldoeanSStaSL]e' %%Ibgygﬁ?g ng,
on |l and ownership, crop prcbq1 Q/terosrft yQ%%,U)?n%ngeﬁngg[ggh
factor s, researchers can better understand the factors
drive productivity and sustz’;lligaéﬂl[i_-érymi\p gla é“nlng systems
insights are particularly vakualblg;ikh¢BRrQWbince olyighhet Byt
where nichekppeondg alr®r dkd & ¢ ylyt uralilg¥at e t he reported fa
significant and economical lyhnydipBL8urces. These Vvisits
Thi s study analyzes the ér?dé‘déo\ﬂlsthﬁpfsarbrr?et""’seedWrfe%rtrln‘?r
demographics, farm practices, and production types in !
Jose and Nasugbu, Bat angasp ABYy reaxtaadsieti Ndde skdY p¥abhables
such as age, experience, l and har e@o]| 12ddt €@d 0 WG tais®kn Sit Al
this research provides insifgamtmyvelint Qgathegbf@ast omhetshhaty aj
farming decisions and out cofmes .owkhe results of this ana
can help guide policymakers and agricultural stakehol del
developing targeted intervenht4dons E®dr menpriovfeopmatdiuen i vit
sustai nabkiapenyg fameomak ¢ . The structured survey gat
e X p erri elnactee d information ab
2. Materials and met hodgpecifically, it inquired ab
farming experience, and gende

t o classify farmi ngb expres) e

2.1. Study design o
This study emp-lqcmyaeﬂdlaauum‘énltaeprp@%dgcahares)’ and veteran (

t hr ougtht afcaec ei nt er vi ews and h coffee

site visits.  wit
. 2.4, 2, %rmdnfor.mat|8n
far mer s. The aim was to explore. the y nami cfs et.ween
. : et ailed farmlnomatlon
far mer characteristics, farrmo m%??%%me[nteprgﬁ(t_j %%%’essan1
production outcomeskamamglhgld@\%éy goonctuasl¥r?]<ag’Opnart|cular q
in San Jose and Nasugbu, Baatlraenzgagétween owned and rent e
5 o S q ) di ffers between fleapmngthtaa:irapkr
) : tudy sites those that ro_duce vari et
The research was conductedﬂuésnt Itohnes mtygwéocwpg Is§8§s°5 §yé
Jose a_nd Nasugbl_J .|n Batqrhgeasa,vaiklnaolyvin'ltf r fthees'sent|al
cof-deewi ng communities. These,adk€asndewsr & gﬁgg due to
their hi storical invol vement i n t he product|on of
kapemgako. 2.4.3. Production outcome

The survey meticulously gat

2.3. Data collection outcomes of f akaysengf ghtaersadknan n
Data were collected fromphk9%hffiaramans tiynvselaved bOerithe
kapeng noaroackid t urcer ogpr pmioxdeudct icm.p Jheld is a common metr
survey respondents were ideonftiddeidcwitthr dlhepassistiadseh:
Provincial Agricultural -19fpt erit aboiweivieyr,, otnhet h@OVd tDher
pandemic posed significantpecthweeneniglees vtad uehef ptakd i Campe
availability due t o t he i mpuemedt aitd orut iolfi zgw@r atnie ne
measur es, soci al di st anci ngp rpordoutcotcioolns., travel restricti

9
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2.5. Data analysis points), with only a few inst
A correlation matrix was pgoeinretrsa)t.ed The inderetdi fpr @aou @tnit «
relationships between the oolieetbtevdifadblekae bng agbe
and direction of associat ioonnsy weoéducnteiasru.r eTheu spilmg & e
Pearson correlation coef fi chiaevret .a Tshirso kgtp @ tnif dytbieeradk o mmest hio
chosen due to its effectliownegs £ disn aaeseshssiergved i aeat
relationships between numempiroaluceandn ctayppego.ri Thil s viampg laibe
such as the impact of far miamge, expwrah emace foar ndgrngduic é ¢ N n i
|l and ownership on profitabiémntvtiyronmental conditions, ma y
Al'l analyses were performeédt easmingi ragp pyiogplrd.ate statisti
software, ensuring the accur arkRiygwrned 2 el diadpllayy ®ohet hel a
area (in tkkea)p e n g e chualftaikvoat i on

3. Results and di scussirenulting yield production (i
The datkapetngoffmarmekos i n Skh QYolser .anldhe color gradient
Nasugbu, Bat angas, reveal §i Nkégapti MBhtmgobn en  aGrar mér ) t
demographics, experience | emredfsi t abalned wse," lyideld produc
profitability, and infrastr ™ : : v pl e
of 19 farmers, mostly male, | cl as
as Vet er an far mer s wi t h o _ s 1C €,
i ndi catkiarpge ntighfddarrmaknog has a £ soo; ~
rat e among experienced irgmo_ o}éwce
distribution suggests a nee: Sir oy
far mer s t o ensur e kapengsubgzooo— 04%
cultivation in the region. 2 ot
the standard among these fémo' ned
kapeng wiarhakot her agricultu el o
risk mitigation strategy ag .. . I * ctua
The scatter pl ot shown i e S S e 00
relationship betlwapaend aybiaedu. wyo .o e
production, witlhdeédt &yp @i otfFsi cOcuobetrZly pleand area vs yield
The color gradient on the (3QAM214i Soingedsheyspmbetiwteami
producti on ktayppderssg. @ndeyd fooded as "0")
and blue for mixed producti onFr(axcmdteiie agranph,) it is evide
oo " data points (yellow) are clus
° l primarily between 1-yard d3oha
6000 3 achieving up to 7000 kg. | n ¢
£ . Nf-_ |l arger |l and areas (above 5 h:¢
: j are mosptrloyf in@aml e (purple). T
£ w00 . % yields and profitability are
fgmo, ! Z land areas, while Il arger | anc
: . . °-“§; yields and reduced profitabil
g 20001 o . S Crop yield is a standard me
Qm_ . . * 02§ agricultural production haryv
. I“‘ Profitability is the differen
0 . r ° 00 produced and the cost of the
N " ramecsge " of t hhose farm goods. Figure
Figur arlmer age vs producthetnweginelwar egoluseed abiyl ities
production type). warehouse facilities appear
showing that infrastructure 1
From the plot, there is noutcé¢emes.troOndthet vodererf ahramed,
and yield production. Hi ghyieildl dy €¢xnpewieenic0e0 0c ak @)y oray e
observed across various ageet graopdar pmargs ikavear s li gahniolny
farmers in their 40s and 6G@s,e dwgdgfeascttionrgs t chtalteragteh an o@x

not be a significant factorotimerderteesromirnciensy oyri eplrda c tMocsets -
represented i n ktalpee ndyadbedsyeatk(opad duc e

10
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12 4 Profitability
[ Not Profitable

mmm - Pprofitable 25001

10 A

2000 4

1500 4
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Number of Farms
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Average Yield Production (kgs)

o - ~

Facility warehouse (0: No, 1: Yes) Experience Categories (0: Novice, 1: Intermediate, 2: Veteran)

FigurRro¥.itability -2d0f21t) hesr sf EiragosrlAiveedlarge yi el d productior
war ehouse. experience.
1.00
Gender 0.4 0.27 0.33 019 0.016  -0.043 0.23 0.16
| ' 0.75
Age- 04 0.42 0.22 0.17 0.047
| | - 050
Experience Categories - 0.27 0.42 1 0.22 -0.12 0.4
Total Land Area (Ha) - -0.33 -0.26 0.006 -0.0022  -0.26 - 029
Production Type - 019 -0.39 -0.19 -0.00

Profitable from 2017-2021 - -0.016

Facility Warehouse - -0.043 0.22 0.22 -0.006 0.068 0.17
=0.50
Delivery Vehicle - -0.23 0.17 0.12 -0.0022 0.12 “

0.13
=0.75
Kapeng Barako Yield (kgs) - -0.16 0.047 0.4 -0.26 0.19 0.64 0.17 0.13
] ] i | ' | | —=1.00
[ W %) w— @ — 3 o w
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3 I g & z g £
Q = g E b g 2
2 3 £ g = a <
7} — - o L
g £ oz i o
% e 3 2
w E o
E =
& 2
FiguCerb%5elation heatmap of farmer data of San Jose and N

The correlation heatmap (@Fisgturroeng5)powiigu a/lel ycomaped at hel
strength and direction of aismsdicdattiimgnst bat wdenm msarpgroadsu d
anklapeng plreordaukcaa i on outcomesoffeeealriengmoirnesilgihkesly t o ex
into the relationships affeaAddintgi yna&llldy,and hpr odotradl atiit g

The analysis of various fexmpteari®enicef lamrdcpnof prabiliatby
i kapeng flmRamakag from 2017 teuBg@estivegedhatsdwaemalrs with
significant <cor kealpa&tigoeabshri aokvees eyriaenlsd, of end t o manage mc
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Further mor e, there i s a maadear aatreeaposnfraset racrtrualeat iaol
(r = 0.54) between the typeimndgi phtoducni on,hosvpetchiefsiec afl 4 g/t
crop production, and access0uttoc ofkeacpielnigt fylm awaarketh.ouses, i mp
that such farms are more | iklehey ftiondhengefistugesin abdatt i
storage capabilities. In colnithals¥ ,tahkavelptobintsablpe bepe
area and profitability-0.i45)YnfodeXmarleilgnNcreegiat iRt i(M z£ng |
indicating that larger far m@r @er nloandyelcreesassa rmerye g4 n fIs

higher profits. Similarly,ang ish rsommpe fa§&ei ve Malolrgre | faa
(r 0= 60) exists between ¢thienfd@SitIrdEitiuirey (§PC edS cAG &S
delivery vehicles and acck&ist @t o €C6ohyokp Cnd%ﬁ?“']‘écil-ri"ti.)
war ehouses, suggesting t haP PtilaMinfelr N9 rBT‘Slfnngs'()zr? daequ

vehicles may be | ess Ilkelyr?f'thaal\/'I'tkye|res§)teé7ﬂ§f‘ééyf£
Finally, a positive correlatlsotnUd){ pOJnt0.4t0c3 ap d¢ \ﬁgen
kapemag agkeel d and far mer expaenrlencnéarelfn?rom%re% Wﬂg may

. resources, t.ralnlnlg and tec
notion that more seasoned farrmgastla\siethgr(]aly rc?fiatcglielviet
yields in their production pefgroorrﬁ]sa Tpégteidf{ijl?dls?%%d%iogp‘lt
complex interplay of experlierrﬁcel,ta/#‘gepdbfanaovfardﬁnnmarﬁaeqetrz
practices in deter rRiapiemg mraa%%'(\l}vtgarbeihloiutsyesirﬁn&h%eli\g/]ery v e
|ndustry. ) enhance t he _pkmgémgabilﬂartaﬁkog

The linear regreSS|or.1 anaﬁc}llsi'csyn?afkepr_rs()f§ﬁ@ I'(!i'tc%ng? 8]"
age, gender , and experlt_anceefrfeiscuiletnetd‘dye of“e_af%n?ig“aarcecdes
( MSE) of 0.120, reflecting Ctarb tr:ﬁnﬂg/&ilné pfrée 'Cﬁdl})r{‘geerrroarr
correlatioR yadafef ivcaisend. 444, nN[QdCcq 5,1@9 ctrhoaégpabdugtmone

“?:

44. 4% of the variance in prodidadi tht i f ﬁnctb%l‘?j)(pslear'vneed
predictors: age, gender , PrbviekiP®d | ¢R¢ner sSThRi tenst ndak e
regression coefficielts81®erief\@® fiodd omser &endedstlai nabil
(0.005) , Experience Categorierspr(0st3PI8Badholadedr sanj i Nt @leC egpg
0.180. These coefficients gogergmérsengedci &s tdhwd re&griec

equation: the findings suggest that inv
training programs, and acces

Profit®@bi3lli2t y Hender +( C).fOé)rﬁalTeAger-mers can play a ci
0.393 | Exper-led®®.Categoecesomic okuapceomee $taaorfii ki i n B

By addressing t he speci fic
The equation reveals t hatdeBmopgerraipehnicces Caande gph 6 ®et ihmy e s

positive impact on profitabtilnd tiynd uwshtirlye cGenn dsetrr ehnagst Bae mn d
contribution, and Age showsuacemasgi nhal heofsaad vef imafrlkueetr
The coeffici-en8l2prsGepasetrs (t hat individual s
with Gender = 1 (e.g., FemdaAlceknewd,e bgmewnerage, 0.312
l ess likely to be profitable Toimpapaget o itshopaer twi ohh Gehned
(e. g., Mal e) , after control(diHwou@gl $or fotrher ndastabl emdr. odihd
a potenti al negative rel aBRoODGSEBpP Pbegmwemn &Gendaeal t iaantdi
profitability. However, théndbstodywyt @rvadboei wift yt heendGesiu
coefficient i s small er t hasi nchearte fgorratEx pelrei e¢mc eBa® atng@a
(0.393), indicating that Exprgireraeri Cat@mgioveéersi thawvfeora ptit
influence on profitabilitycatrtbrayn oGQendtehi s | mesecantcrhast We
coefficient for Age (0. 005)Apipd imach o malnilde rDe vieil @iplmegqht ic
mi ni mal direct effect on prdofrittehteiilri tiynvrad luatbil e recoGen e
Experience Categories. data collection and analysis.
Speci al thanks go itM®entthrealOf1
4 . Concl usi ons their essenti al support &Gand
This study explores t fFPnNcepey@ldzagtheppyend; dgvelop
kapemar akkrooduction in San UbB&ePr#wd nqNaldlugpgricultural C
Batangas, particularly focuRUmigtiPRlifdd ese0dt iSAMNsHioOpE B

far mer demographics, farmtﬁéﬂé{'@@ﬁé‘ﬁttkbera%rtqjcee t, OH“'J (
production out comes. The C¢P&LE |et§arrmee\;esa|of 518 i £9i Sc€a nd "

correlations between variatiN®d Msufch MSs MG mPRIC AP Y e
experiences.
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Finally, we t hank our partner school s under

the BRI DGESCaoviotge ait ate University (CvSU),

Centr al Mi ndanao University (CMU), Eastern Samar St at e
University (ESSU) , Laguna St at e Polytechnic University
(LSPU) , Mi ndoro State University (MinSuU), Rombl on St at e
University (RSU), and Tarlac Agricultural University (T/
ofor their coll aboration i n developing a comprehensi ve
survey qguestionnaire t hat was instrument al i n our dat

gat hering efforts.
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Devel opment of a wireless sensor node

for buildings
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ABSTRACT

The study aimed to design and develop a Wireless Sensor
create an affordable tool that aligns with the Depart me
before, during, and after earthquakes. I't also suppagrts
SUCs, which fosters coll aboration among engineering st
community challenges through research. The WSN inclddes
cloud storage. The system consists of an accelerometer
consistent operation. The sensor gathers acceleration de
using the Fast Fourier Transform for easier analysis. T
baseline vibration dat a, which was used to set t hresho
successfully measured building vibrations, and the d@at a
website. This study set the foundation for future improv
Keywowidrsel ess sensor, earthquake, accelerometer, MEMS, ¢

ReceiMaeyd:31, R2WwdAedust 2 6A,c c2(pR devde mb e r 15, 2024

1.l ntroducti on during, and after the earthgt

Many natural disasters ca®oNHdpPpdmgi peafgfjebcgtysa koegny gal thauri |
world. Some of these disasterMond e rsitndr nfsf, evaorltchadntiack ee rsufy
tornadoes, wildfires, earthiqufR¥s,tOantli sfamy heiédi png| st
natural disasters can causkertfpdumadfes of obuijlndi NPmhe aBds

millions and binlolti oconnsl,y iinn dfEnfafgsebse ft ef vepderstanding of
l ost, but also in the wortht@ofsewdrasshakitng.esMoogpovear, g
some of these natural disaisherbsuidadhnege sddmWwcoéni Giign e eLri
storms and volcanic eruptioharnthhkeake ad@magme Prnadd rceast s s
something is going to happear.t hwetigatksettahret adeaing e metnetc hai
technology, some of the thpergfsoranbaoncte tphree ddicd a ®tner wdha rc |
predicted. When a storm isbanhtidtchnpatedes o wsaitsemi cousrafaert
responsibility, there are giowfeammedht safgehy i adecd dupannscryd ©
project the path and the in€Cemseéequyentfl| y heasnt cerfnise cwhiivceh
and issue a signal l evel omeadedrtaimaspass bDfietdendiotuind
the other hand, some cal andiutriiensgy ahei unperdicé abi e wsha «
makes it more destructive.camnebeexampldedof these natur ;
di sasters that can happen wi tWiotuht tamey isdeamsadditodarabnae
eart hguake. government agenci es, Departm

An earthquake is any sudHieghwsahyask i(nmPWHf) , t wdho ge owmadn

aused by the passage of6&Gssiasmity wafvepubhi oughndt hpr iEvaatt
ocks [1]. There are many rnecnoorrdasn daufm tchea caid aur rneon.c el oder
atur al calamities and evi dearftolryn i heyast auatewdr & h oomsnaen d

ives and caused harm t o soimeplImomeumteinfga! rpt eperotny. ENat g
alamities are harmful duriOBRIt)hef dri meuiolfditrhged.r Dlicsir men
nli ke ot her nat ur al occ-urgeantgi odni sla0s2t eorfs ,t heea rNtah g wankad &
ffects are more danger ous oatnhde rdvweisster ukctowre.asToPB ome 9 &.p
solution to these probl emsnvidathanealb @ut ntahnea gheunielndti ngn d
decree declmr ol ithye tsd apeot e
*Corresponding author property, and public welfare.
Email address: johmcaerdluo.p&ggarg’i@gebaat|5|tab@,i|dings and struct
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and requirements to regul at|fg t i on
. - . ensor Node
design, qguality of mat eri a Ccup

and mai ntenance similar t o Microcontroller on

( N 7 3
Data Acquisition| =

me mor andum, t he National St
(NSCP 2010) states that eve
is more than fifty 50 m hig

recording accelerographs un N -

this requirement and compar e e

says that the Philippines ‘

data for wvalidating the sei

any future structural desid

used to i mprove the awar en L

behavior of the building d

earthquakes. I n accordance —@arsSo TO TITeg Mmemoramour, t he
device/instrument for bui IFdiignugwe vébesas i ®@nsmanintoadrei rag c h
required to immediately transmit data if there wildl b €
occurrence of a magnitude 26 2eaiSybgeamkar ©ohi tgercetautreer . Th
pl acement and number of senslbmnst e ewhad |seo sdyisstceuns saerdc hiirt e
guidelines. A sensor node iSshorvedd ehd Wy htehne tdhaet ap ufil|odwendg Ohr
height of Iless than 50 m, tohne tSWérQPﬁQﬂ”%§n8° theedragl
nodes must be placed each o%f t(ill "iloprféBr, djeddlaetafl%%ﬂ
top floor of a building grepat 2 ¢ € hpene h wi

w e % ar}]%@ ryl huﬁhdueng, e
At tuned to the objectlvesdgiatf?t;oﬁ1 ﬁ @%'ﬁdt(?IoQ)g P}

f
conditions of buildings espgLd adl'a)’cet 05¢€ t,h@tt@ﬁefp(p(y,erl
owned, t he devel opment of cAecMdP, €85d Spernoscoels se@duad Of
earthquake monitoring was mehde.ughhea wirmelless sern svorr knod
has a sensor that measures mMeiddruan i @fn & @ns@&i smi 6 Nobsser Wi
on buildings. It also has KROWR i cWihher od 3ted ttrhaantsmghiﬁ
processes, and sends data ¢t dhFad@w ?ﬁéadg fﬂﬁ
node gathers wundergoes a F jent r 1%
_ _ _ Wheréd e
convert time domain data int §LGY o9 ag
the conversion, the raw an ed dat Wi
and stored on a cloud datab
dat abase a website is built
the data in tabular and gr a
. L
2.Materials and met hods
2.1. Wireless sensor node asmm
I n developing a wireless sptanArdiiacms
are needed to be considered. AIT T1Tnese parameters are |
on the DPWH specification fRn®lSFsSi2fem idfetshi §#CbUFBhquake
monitoring instruments. The architecture of t he wirel e
sensor node is shown in Figzur3e' 1Corq-phonenetnssoprarnaonaeet ‘_adresvealr‘c
is composed of three parts, tOquceset_rpseorp,r Otbhleenbov_‘(/\?esr Isdu(':'pnptl')
and the microcontroller. Th Vseelnospo'rnggetasd?%Eubﬁ_%f?_atai odn
the environment by placing qqla}tgtceorns[ alf wistphectl'hécfaltdoornl
buil ding. Next is the microsé)%ﬁjt r;c?lnl g s taheW'brreaiensS_atnsdetn_hse(
the system, which receives Vt'_herada'toantﬁ {athenesceenssso'r are'feln(
. Wi elqhss.sensor nodes, bui I
passes a given threshcledsed @yda @ i s then pre
) t|V|tby. Key cop§|c(iierat|%ns
microcontroller. Lastl vy, it 1 e t.ransmi e to  the
. sensor.s ar}d m|crocontr0IIeTrs,
through a wireless network for t,he s orlng of fjatf" h e
supply unit is a key componsepnetcIoffyltr\ﬁg vn\HFengn g(e)nIer nrc
) . . %or noéae adhereg t.o DB <
it is the one that suppl|efs the power to.th? m|cr9c?nt
. or earth%u%ke i ns run?en atil o
which also powers up the sensor. Anot her part 0 the n
t hat is detached from the azctual device i,s the databz{\se
. qi q h hol 4 De3|%n and” devel opmen
IS lscusse at the whole syspjem s 'ESFEH[?On was t he
determining the required spef¢
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The selection of components Was HWdrhekeamtdovarc qiuntso tdiomf er
sections The acceleromet eryerwhitchhe isentshéa i maity S&NStOHe
power supply to be wused, thepniCirPeonhéokb@bor ¥hivehel
brain of the system, t he dva|tbarastti°orasgeont?h{?ebdﬂsle i'n andt
software development for hosti g ' CR bsi Te. Al o’i,
factors were considered durq%tgertg’ﬂ'ened%es\gv%% ahEYWdr ¥ 8f sé!d
in the result s the number o axes the sensor
t he number of samples the se
2.5. Hardware testing every second and Il astly, t he
The testing of the whole Bafdware jwhi cshurcroonusniositnegd obht K
sensor, mi crocontroller, an\gertéwetrpé)w(,e(gnﬁé)djtrc\pltw},]a o fC oMl ¢
while individual parts werghttest f e [CL 1 inal[i
hel ped for easier troubl eshblo ’|n§ p orbl thp \)0?
encountered. The three compdfdft st hv@er”eOdtehe"YlaSco'n“mn neerﬂentto
check their functionality. fralel s wed ot Be wePWHt i dakisngst
the data dictated by the miwhredeong r 0B drh.e Tohrea vniitcartoicoonnatl
is the brain of the whole sysheenrt sbhitwintelsDU @i vern kynt he
supply unit. The paramterﬁaqugeckaedsavyyﬂ)nq nbheatm@agprll@g
capability of the nodes and; nhte turoaunsslr@/'srséé)d1 g b |I|ty
ensuring that the transmittg al'h rteﬁel egciv roépeur
tested. Troubleshooting |ncCI°undneedCt'hVe ky|’ng %heD t 98
each component. communi cat wirel ess|
power ed deV|ce t hat |s malnte
2.6. Final testing of sensofomositoring data, and lastly,
The integration of the software and hardware was done
and tested. This was to en§_u§h.e échrﬁpion”eon gr%k}hl ’q(%vYVGHEd
encountered. The sensing of sen or was I r st
the filter capability of pé rement data was <chec
The next part tested was th %o ETO%" from the time do
to the frequency domain and C?”tes Otrérh mimMesitod Mper t #t cn
server for the storage of tWwWasdathe. sensor to be wused. I‘

detecting and recording earth

3.Results and di scussi Odflensors that were consider ec
acceleration sensor, seismic,
3. 1. Conduct an inven(;oryI losensnofrrsasf%rF&%t&hrcge;h &@bbhéﬁ@§ \
State Universities an Co UCj
Surveying the number of F@ﬁﬁre ancsru3|gnals thatt eSh]aik
topic of the meeting with taHé:" ﬁ)a(rtten]erbuéuééjr uf‘ﬁ@r bBIelcgé
of sensor modes was i mplemeh&iedMioth ame ¥hpﬂath9'ﬂ%§5@|’”§@ﬂ‘é
According to the DPWH memormaidrulmy apmel inaudnbtead tolfo se nlsiog f
nodes installed in a certaiOnebudfl dti mg dviasa dwsretda pens hofw s
floors it has. 1t will be thtes barsii se 0 fL dhte] ynumbed OFf NRE
devel oped along with the a\; E‘reétlsqus's t he a l er omet e
According to the meeting bP PE tafgr.%ﬁ?ﬁs, cfhe|r
buildings have a maxi mum h%? ﬁ rpof wr 91V resc”onhﬁ.a%
agreed, t he Science, TecW 2(+9/En“@|xné“é‘|mi M@ N9 e nlgt |
Environment al Research (STEaEnF'@)" uﬂwremmuemqmgmaaalﬁg Qinye
floors, was used for test i nacctehleersoemmestoerr noaresovhs | est hda
SUCs were required to make |a(§wdgetaste|@aersaneorchnqodse.but
3.2 Design and devel opment pp||cer11t|ons.o g|ven the senso
Since t he research was V'ﬁ{uneég tooH % %UIIBBWPIQ' an e:
memor andum, t he fabricated! seneso S rﬁjod'en ftchlel oPWeld €fhe
DPWH specification and gu3@%8li®ledMehpBéu@9gadarStthquhak et WO
instrumentation on buildingwerdabhe numhewsotf heavpataméee
follow in building t he winmuenhbeesrs od e nssuwoprpo no de hatndc atnh eb
specifications given by thes®RP¥ir to the microcontroller
Tabl ePat ameters and specifi3c%t izonsAcé’életrho%ef'véfeégﬁ§or
sensor node. ' ! i .
After choosing the accelero
Data AcquisitionMPacamétameodus PapPdankj €rCst , the different accel e
Sensitivizgyg Connecti Witegless Ioca! _ma_rket Were_ I_'Sted acc
. sensitivity of -tdtegisttalsoconyd
Anal og tol6 bitsPower Battery .
Digital Converter malntalnednli*lymber of axes 1t can read, ‘
charger the microprocessor, and the c
Axi s 3 axis Storage Memory caréecond wer e considered. Tab
Sampling R®Q esampheisr onmeRt67 accelerometers considered in
per second
Recordi ngContinuous
reading of data
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Tabl@om®@parison of different accelerometers.

Requirement Criteria

Accel erometers
Sensi t iBwaintdywi dtAD Convert &xi s Communi cation Pr

Mi ni mum

Requirement 29 0-100 Hz 16 bits 3 axis SPI1/ I 2C
MMA8451 249 0-400 Hz 14 bits 3 axis I 2C

ADXL 345 29 0-3. 2 Hz 13 bis 3 axis SPI/ I 2C

MPU 9250 249 0-100 Hz 16 bits 3 axis I 2C

ADXL 335 349 0-1.6 kHz 16 bits 3 axis SPI/ | 2C
ADXL 357 10g 0-1.5 kHz 20 bits 3 axis SPI/ 1 2C
ADXL 1003 200049 0-6. 2 Hz None 3 axis SPI/ 1 2C
After listing different avaftabl ¢i satciced eapndiet e mpareinrsg

the minimum requirement f orcathheb e enusscerd niemdst heccprdj egt
t he specification gi ven bymitcheo c ®PWHo Iwaesr svatt handiet heg

applicable sensor to be userdegqiuni rtehme nfr og reictt e rniaass wa $ e cctheo
first criterion considered miacsr otclbpent mwrhb er ofhaaxetsast hehe
read, and since alll t he semispger Iviartieadt i pansss eodf tRMAeM rmBii rzie
requirement the next t hing bdgmgsisder epgp wiacsahklhee smemeirtyi vd!
the sensor, and for the sensgicbirdinhyg datg ¢dnteienwvensloy so
the given minimum requirement. Given that three sensor
passed the requirement -f-orTabhé&od@prasisonwiofy, ditfhfeer @ama | aong
digital converter was checked wherein only one sens

the given minimum requirement and that F%u'trheeeR/ItPucrdégbl
Given the specifications |isMéaosanlrpnler 2 it @arst itnhi@ o s
to use MPU 9250 since it satlsfledSpe %AJ" VEM F{%ﬁf’irnldm

requirement . —
Mi ni mum

R . 249 0-100 Hz6 bi t3s axi s
equirement
3.3.3. Mlc_rocontroller MMAS8 451 29 0-400 Hz bit3s axi s
Anot her i mportant part of a wireless sensor node is t
microcontroller. It stores ADXH 3dXecu2ges 0-8.hze HA Ibgar axtitem
wireless sgnsor node. Ever)m) gr}gothgt t0q80 Y_\{|rbellt35a§isse.n
node does is centered at the mlcrocontroller whet her [
reading data using the sensdédPXL B3I%0cesdgi n0gl. . daklthz, bidds axiesnd i
to the main dat.abase. .One OABXLt.g§7 ide)rtaln% R ,ameters .t
need to be considered in choosing t m|crocontroller [
type of connectivity it hasADXEil00¢ tzﬁég Q-évi cMEong hxtaxinse e d
achieved must have wireless connectivity, the focus was
searching for a mi-icm eRdlio nmordodl-lée.r4 .wiRat aa sptuoiriage
The listed microcontroller the8h WhEs €démparsdPrBISed LHF |

processing speed, size of tthed rmdPAdSy cabhngt @dpa®i Pl pa:
continuously read data overr!3'38%%qg hbRrFfHQOSHRY. pitBRedd
speed and RAM wer e d|rectlyusddqr9nectpehdys'Calheseravpearblol|tL§/

the node to sample dat a acccg i n%atthoerehd t§3élm[5IhlengnhordaeteW
size of the ROM was connectedvanot a9 e coa{paubsi'lnigt ya PN YSHE 2
the dat a w needed fan{j h
to store data when needed, nd tJ.astl , h e caé)ab| I ?/ (
node to continuously sampl e ?a o(f/aetrl%nlglagtpr)]e iseive )
RSI@I and the speed ST'¢%he prc
having a physical server has
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these are the mai nt enance <cddtguséeng8e shbaws seheepowairstc

wor king most of the time, tuhseedpoiwert hd mohes.umEkei poWwegh
requirement for a big facilliotcyal spaacd et amd laa staltt etry ¢ &\
design for its security. Fmostclpbads svomnade ahi Kempthecph
server, it can also easily sappaesys muke Gatabseoredshypth

but unli ke the physical S e rpvoewe,r Codrouts5 s Worod g epoiwse rmatnea g
by the owner instead it is_Lganpgedth¥ RBepBEEPFRIPI PWDHW

wherein all the needed softg@f€ord Nt REOUHRI i @8t FiinS Phrotwen
The security of the storagg€edsoralsPd ltaHed foaunt naw et R & e S ¢
provider thus, it was decidread»[itnog WbSfe t Mleo L KStogdr age 3f gr v
dat a. the Raspberry Pi and it must
which can be compensated by p

3.3.5. Website hosting 50 mA. On the other hand, th
One of the things consideged Was olf0 ghdVvep agswebs, i te,fo
|

the project wherein the datpairgaihgfegthRtagﬁb@Ppﬁ Was
and presented in a graphical, 4form.. Websiite @Sﬁﬁé@tged"”a?o

of the important things to Rpaosnpsbiedrerry V\1:,hieni tdecpalnoys'unp?play_ V\éel
D 0

on the internet. There were two options for dep ing
website on the internet. On imputvage:V 1y g |
Server (VPS) and the other g se
To choose the better optiorn i t he
using a specific criterion useoc
compare was the security i t]eoweoue n bsit
deployed. This is to ensure pro he v
going to show cannot be alt — — MRS N G
. . nput Voltage: nput voltage: )
administrator Next, was tNh It Curent: 24 Input Curent: 34 senor | |V I d €
. Output voltage: 5V Output Voltage: 3.3V/5V 450 uA )
ensur e t he smoot h operatio t i
deploygd and visited by OthFeirgupnPeeOV\PEIre ctoons%%pqqrond%tiaajgr%rﬂn
criterion was the cost of the server and the difficul
ma|nta|n|ng.such a type of 3S &f wer . nl%veerr}tauca}lnlgy,oftg%n%%er:
shared hosting server was sel.ected,. One, of é15e malg [gqa
. For t'he Int er f- %geao e It ehre
for choosing the shared hostlng was the way 't server
. . . sensor to the Rasapberry (?’l t
mai nt ai ned. The service provider ma i n abns share Hosl_
sed ah{)ul e cqbn5| ered. ]
server, so the user does no nee O worry g gut mauntglC
. . rrptoco.ls were- usle taoces sy
server . Shared Hmssttiand eadlsiqu as:aalp?_e 0 ¢ .
be used in deploying the we %mrtnue'?'cu%l'i%% ?%,ew?/%’%dl;’r\l”}wﬂ?\é
owner mu st first install alnlt?tgﬁ@tf)?oglrra?hg'tne\%'deed yfc;(rno
project erial Peripheral I nterface
protocol, the | 2C was chosen
3.3.6. Sensor node power sulp%?ypr()tocOI uses only two w

One of the important thi n¥%sl Cthhali® SnSe®MSs e bR’ obolnesm g fr
in building a wireless sensPr! Ynoddedijlsabil fe cpgRIN I £ @F g 10y
the node must read data evetrhye tHBRO0 aa cscugiltec hoinhegt ep o wwerN SO |
is needed. A switching powerTosdpgley f 026 8t hwey pMP Uph e pRansel
supply that can be powered iimpotrw@antayso, kmoew ithea hpooght
| ocal outl et and a batter ycopnmncukni cRitn oe -9d2us @it nogeccoct ealr @ khiajdiea
there is a bigger chance t hnaotd utlhee rhea si St ean ppoiwesr jinntteogtraulp
battery pack would be ableyts@dpowear $puthemgevi afat apins
record the data. One of the (cehag@cteydstdrd OND adlr € atr g «
t hat it wi | | only happen f&ma agrsmadd edertiiagme gfartame.j nteh U
uninterruptible switching PRWEL g SSUPPd Yi hes sdgefded: o Tihe
s
h
o
r
p
a

witching.between the Iocaltﬁgtgﬁy_\ %?dptime_?ba&fte{ﬁepﬁﬁgp
ave no time | ag which means t.hq system wji I power of f
. . r.i a cl ock WE}S t he onq_ res
nly a split second to avoi |erorta t dat,a 1 oss. he "¢
’ Ra]sp erry i anbd t he sensor, I
ating of the power supply also” needs to e conslhdered i
roject. A power supply musst_urﬁa\yt?ff"ﬁ En?rgﬁ‘ltar&’f"ﬁndegfj
bove for it to supply enonH“ecurFr'@rPtreto4 tSH® Wi 5 st ppfe r G QN |
power up925HE8 MPUelerometer Rlenadpd -@B%H0MBdcelper omet er sen.
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sensor calibration as well /
used, the required settings
and the sensor sensitivity w
address was checked wusing the
t he diyuwmdaxi yd dehtoemetd t he addr e
| 2C devices that are connect
speci fying al l t he needed S

Sensor Raspberry Pi  Color Legend

VCC 3.3-volt pin 1 A
) accelerometer sensor was cali
GND GND pin 6 — d d ¢ ¢ t h

yullyy = SeInE sensor rea _ a a. o] e sgrr'
) using a calibration algorith

SDA SDA pin 3 .
value used as a reference in
FigureThé. physical connecdadloinbr ateitwge etnhe tdhensor, the n
mi crocontroll er and accel eroimaée et heesens.or read dat a, t

date and time of -adxa teax i rgexd i, n

3.3.8. Software/ program devahdadptdizmee dat a were stored on
Connecting our Raspberry tPhie nsuemmbseorr oafn dd aptoaw err e csoorudrecde
was only the first step in hhevaeédeogi dgttahda nwhtohee aemapr ah
program or a set of commandbetikera onuest of onr heurvademrsorr
gat her data and for our Rascpebretraiyn Pt ht esbobdessLaasnd ysavt
on a storage device. A set recft uoc mmrda nddast aw absa sperdo gorna mmlealt e
the Raspberry Pi and carriedhoweshadolhed. flof |l owéndatammaadhe
Three major codes needed n et wren edde vved wiipde dfee | tlahoeB iocoa)deea Infeo
gathering dat a, the code fadmtpmecesakiyg. d@wlazheanat HearstH
code for sending data to ounrotdaathdbea steo. pQtshserort hhaem cthh d shee

maj or codes, some minor codwass wehree snaemeed edlatfaore x cheptnotdea
carry out its application.oFaSkoameei cthhf me dmws et hcaotd etsh eardeat &
calibration of the sensor adat dathaeseonnection of the node
cloud storage. The foll owing steps wi || be di scussed
individually. 3.3.11. Data processing
I n the data processing of 1
3.3.9. Connection of the nomai noptuteosleouwast twmagehange
For a faster and better cbneguentyodomai hhdapmogilamdbo
node, it was decided to makaewaddtuammcdgdtome rfeodr beya cthh es tseemm s
woul d happen inside t he notte. FFMe afgosithsm,epdiwfafserteme

connection o f t he node t ol itbhrear césudr est®aiaRgye . ando rNumby
connection of the node to tlhiebrcdroud tdhtadr agan aprloivbirdaer y at
be used to wirelessly connéeantt eghat hode ticmttelmeoothbhoudnst

was required. The Py My SQL elqgiubartairoyn swasdi @ § e d e mthiia&clh eqguat
available for the Python prolgasasnens ngfl pngogbaegens . PYOMy SQle i
a Python 1ibrary pafcyktahgoen tMy@a3@lecrosn t acionnsp rae hpeunrsei v e mat h e m:
client l'ibrary that i s basmumboenr PdgEePNnedad%t.or Bhi sl ilniebarrar g |
enable the node to remotelyraoshecmst oTlle MytSaQILi sdtaitcaabla sl
over the internet. I n conneocft itntge tchreo mp def tdhattdhewalat adba
host name or I P addr ess ofdatttae aMyg SQU b tdraatcatbiansge ,i tt Heg om
user name, and password usedoftfos ecto nonfe ctth et or etshuel tdiantga bfarseeq u
lastl vy, the name of t he dadfafbsaeste afhet dien rtalwe ddaattaa, wiHd
stored mu st be specified. a&aAlfgcerri tehim atnide cheaeaded t hiendgsi
dat abase connection were ideomaifn edat ahe ARY My SQLhewodidtda t
tested t o connect t o t he dtadradbd sien alnf at hay caomdn etchh & o nr
successful, the code wouldwasenhe etainrci ntgheo fc aranec ttioorn h
cursor variable then proceed to the next part of the co
the other hand, if there i s3.a3n 1e2r.r odDratian stemadi m@nnect i on
will then retry to connect toTheel alaatt apasée. of the progr

sending of data to the datab:

3.3.10. Data gathering the node was already connect e
For the data gathering, tihte gadbewed!| daf ar $to ibrei tsi av e

' ibrary wused in the ga®Bé&Oiegurorfeddadaat au soifngt htehelaMBUgat
accelerometer sensor, -tmdaevflriolnr arhye retcahedddampad9@60t he
This library connected the wdPlE semdort ot ot htehec IRbassdb betr oya
using the 1 2C communicatinoal udtotcomd agaend tthas naddeduidé¢d
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name of the table and the ¢
data must be placed. Given
to send the data to the da
sending of dat a, the data
recording.

3.3.13. Main program functi
The main fun i

where exchangi

happens. It i
wi || be sent to t
code that runs ot r
also where the whole proces
called the connection of t i
Since connecting to the da
time, it was decided to conm
was powered wup and simply
di sconnection. After connectin
started its data acquisition w
were a hundred data read. The
the data acquired passed the giwv
not pass the given threshol d, t hip
in processing or sending the dat
the data passed the given threshg
the data processing then the ra
were sent to the database and th
starting from the part of data a
not end until the researcher stog

| f the da
d not pro
b T hand, \
Am proceeoc
process
|l ooped
program

the node

h

t

t

i a way where thet pdeataar pyopU | Hfly pb ep uSi€ Ngti ngghd s av e
the databa

e

w

e once the data gathered passed the threshol

3.3.14. l1dentifying the threshol
The | ast part of the devel opme 1l ess sens
node was to identify what i s th r t hr es h
wherein the gathered data of the be sent
saved on he database. This pr ocle=s ettt to the de
to solve he problem of datFalbgaLsmensplaégsegaﬁyétIﬁadeDgét@
n
s

To get th hreshold to be sgft; o0n ahtehequqﬂ’g rﬂ% q)zhtafh%

building n the node was taehR fEB! $XT d MRy b'?h}

t

he

gat hered. Th initial gathe
t

e

s
reading of e Vvibration hrﬁeovcg%tefhl?aoef \fv?l% Be PHP
initial data gathering, thé‘nlqod“énwg‘é'md¥ﬁ|8‘9gd E\We?‘hedegt
and top floor of the STEERaM@db S®di Iaki ndg tahnrde sghadt! e roefd tdha
continuously for some timega¥Fhgueds ab, the dmd 7f | Dow ot
initi-ght deartiang setup for tsheepaideetyfif¢@tmiQmeoﬂattahegatl
threshold of the sensor is SHEe®WR Hub building.

For the process of getting
value gathered by the node,
This library is used to open
After importing the needed |
contains the data gathered an
di fferent arrays. Lastl vy, t he
data for tahxei sx,ofy,t haendgrzo und
andaxzis of the top floor, t h
values gathered in each axis
Python script was then printe
the result of the Python scri

and minimum value of the dat

N ] ) ) round and the top floor of t
FiguCemponent setup inside he node casing.
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841463414634
128525152438

"'F.?‘%TEIEE ﬁ Pr
14F-464’?': -8.0.

FiguMax8mum and mini mum value of the data gathered on ea

3. 4. Devel opment of a central station for all nodes
3.4. 3. Backend devel opment
F

3.4.1. Website devel opment or the development of the

For the presentation of d%4%% @%g%??%rdyb% lt(ﬁgoﬂgeethfet

decided to make a website t%%% esg1o ramﬁw € 2" ?S%b
. ) incl u ﬁ: , A

a graphical presentation. ' Ro A& Ve d)opnl gde IV\he S'tth% fQanp

needed to be considered WFPﬁPneV\Woerrke, td]eanbbomvta%ndfavbhg
backend, and the database tpytbheo nuslieadn g uFaogre ,t haen dd antaasb asseeme!
website, the MySQL dat abaseuswas iwms edde vseil mgpemetnii e mOundke od s e
MySQL in storing data. TheC ansliedesrteod aigt @aki nthet Weabbact
storage should be the same Ss€&Cnklel ttYheOfgathet yWeB&i §aowdhd

website was t he one t he n e\dleetgeatoﬁerdeeds.trRI¥xlt %a%attahSt
frontend which was the par hefb (fékeer&vdebgtla{\ée(\:}vhas ithet e
) ' and 't dat abase. The reque
interacted. It served as the QEimPNiEd PIEM 2hE PFohlEn
which also showed the tabuflpdn antk rgreadrhithal clisght 0o rde
gat hered by t he node. Ther ett uirmd j tpatrd twfe ftrhent walisi t e
devel opment is the backend. The backend is the part of
website that talks with the3f4ohtenddtend@cittiendababween i

as the communication channell2at@dtd$efen the frontend and t
dat abase. Qne of th'e i mportant .thlngs
buil d t he interconnection be
website: the frontend, the ba
3.4. 2. Frontend development,ocpsite to work perfectly, tF

In developing the frontendhpodetpgr Websuse. . bilet siysn ch& Goens
to choose what framework waadadessbienguserde. dbamy r €adi biyyath
frontend frameworks can be culsieednt swamet eodf ttoh olsoeo kf rfaonre wtoh €

are React, Angular, Vue, ijde'Srty,|_02§J|§l@d mahyt ®©tthfeqisr, aTcHe
frameworks |listed have theitrh€prCls eddd N@dn st 0anrdegl'tStdeerpef
on familiarity with the fram@ﬁ/iﬂlPgrohts@ﬂtrlo?z:reeddee\/net '(ﬁ)hng

frontend of the website. Uséfsgtearﬂg fallregrain?wqrhkes n'enedr%ad&
the program, familiarity widhjdypesgehPd| i @0IY JIRienpastg iN$

Typescript language is a f@nmguaget ntehaftr ohs vadsmosdnt! itk
JavaScript which is wused ioheolgd abmenf mige tihte wasyi ge ronfia nte
website page. Familiarity tWwet dattahewabBlypeccestsf uMalryk uspt o

Language (HTML) was also neleled wBNEh a sr uspanse &er § heu
web page content and the Cacsrceaadtl'nogn sefy| @ é‘r?é"’etusse(CSS-'Sh'uS

to style web page content. 'I'V Sr?arlentqlufsnntclttlh?rt] otfh Ff‘?%t
was to |ntera_1ct with the CIHeetn Se P thteh dav%ebbsase fr\%hnten
needs somet hing, the <client wi || relay its request on
graphical interface of the Gientsendsreauest | (] W
the request to the backend. o T bnd
ensured that the web page w —= of
factors t hat needed to be fo
navigating to another part butt
the |l ogin and the register : [Re—=r=as m [ect
of the most difficult parts Sver *** @ pnd
part wherein it will inter 3 o= T Rrei
front end must know the typ ds f
to be delivered to the cliepitgyriel lQastration of how the

database interact with each o
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3.4.5. The website i

The website was composed| . _
aut hentication part and the ent i
part was what the client fi]|=— t he
was composed of the home p al g trat
page. On the other hand, t i - h t t
client saw when they 1l ogge hbo
part was composed of the nfq — SUCs
bage. X =
3.4.5.1. Authentication pag

The authentication part wk o i ent
when they planned to V|S|tFltghuerTeh;eltlreageThtehaftlrsshtowpatheo;
aut hentication part was t he homepage, wher e a short
description of the Buildiédg @ed$cCalr 81 @AG I nnovation
Devel opment Goals for Engine®héngVvSHNt astaes Udd sviegrsdd | agc @an
Colleges Program, which inglaydhenktehe BUOIEGed WFS t hleow
The homepage al so discussedt mwhsad stthaendparrodlserJerV\éaSsh3a|r|edath'
and at the bo'Ftom part of_ t e ePnds9uer e td1re rwa§:I|agn'5rh tle
about the project. I n thISC% AN f tpg M@gts'ffieséhreecf
joined and coll aborated ontEg groﬁlegu(:lwnegr an uth ra in
navigation bar of the homepa wa’s he og r
l ogin and registration pages 2P S afacdI gThCeh"’\II g
where the client input theitf€eMBNl WRFg S §§§ev§o'5rfd“ﬁéf \Bé
dashboard part of the websf#@aka. Falt honpds Wi gt Siil @it gl Y w
wanted to view the data gatdlhr@eWehythpBe seEO tNhoedye ftiq s ¢
create an account on the rddgiogm @aatbiuoh dpageandomeoceeden
such as emai |, user name, andoplkissgro athe avkr et neededearc
successfully create an actodogr aid|Is aicete | ommemeo br Ghese
requirements would result lalc caiM ad@ §C ;qthmt rCerl g aathijan t&r r oery.
email and username the cI|etrbtstprothl,dsedupl"gardadteo(swtblgje”ldfndgwﬁp
create an account. RetypingpdhiengPt aiStsSwWRs de Wapsr @tepvadeegep
check whether the client tytpﬁeed ey (Correct email they d
to use.
3.4.5. 2. Dashboard page Acknowl edgment

The dashboard page was one Tohfe taet heiss wepddt alnitkepal @ s
of the website. The dashbodResepagd wiesntccompbbbHAT FtatbrlLe

more parts: the node page, $het emamResgarchnf€enher SWEs Bp
The teams and SUCs page wasNawhemealt Esmgi @eemr maga dememrtr s i
was shown, while the SUCs paa@udemphayedqul pmesevesdedthe
SUCs that collaborated on tghey ePy 09 (8cEs,. B IPalUctatno Nstlatnek ewn i
Facebook and official websigegid eU”‘nChveSrL%Qt"‘Slas "k'a?‘?ng'&‘”é

on this page. Lastl vy, and Fmo(?stlncrgposr atntlly g/\gaesch'hh% &E

N N PR L A L T AR B AL T TN P R
where you could search for 'Ylhrbgadr}ﬂo Vﬁh'dcr}haereda?thae rceoalcdIa
n

date was shown in the table and graph. A refresh butto
also included to refresh thRRetdieerwe b etShe page. A button

"processed" was also seen o[nl]thgrylgdgspag(grrahgih c}vsgo\lgaayrq
nd

processed dat a. Figures 10 an 1 QN dash b2
your corf unp)rtlyme 8¢ p
and its parts.
[ I nternet]. New Del hi: Nat |
— Di vision, Ministry of Ho me
Beuy S ) S India; 2012 Jan. 62 p. Rep
o PIe = = www. undp.org/indidipgasibicat
T ﬂl o . . .
%W NM W M k yo«€mommu-pi t-pmar |l i ament arians
JAgl f = . .
.""“'J M L ’m‘l{ru [ 2] Harrison P, Christensen |
| Gregorio JI. Eart hqguake mon
space: t he TREMOR <concept.
ASTROASI conference 2008; 2 (
Canada. Ont ari o, Canada: C

Figurdodled.page with the raw d8pace Institute; [date unkn;
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[ 3] tel ebi M, Page R. u. S. Geol ogi cal Survey [Internet
Monitoring eart hquake shaking i n feder al buil dings |
USGS f act -3sOh5e2e;t 22000055 Dec 19. Availabl e
from: https://pubs.usgs.gov/fs/ 2005/3052/.

[ 4] Paul S M, Jayaguru C. Heal t h monitoring of concret e
speci mens using smart aggregat es. | Manag S J Struct
Eng [I nterne3. ARAROAI6] &fI3g : 2B5o m: https: //
doi.org/10.26634/jste.5.3.8253

[ 5] Depart ment of Public Works and Highways [l nternet]

Guidelines and i mpl ementing rul es on earthquake
recording instrumentation for buil dings | depart ment
public works and hi ghways; 2015 Mar 12. Avail abl e
from: https://www. dpwh. gov. ph/dpwh/references/
guidelines_manual s/ earthquake_recording
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Devel opment and characterizationhi mbabp
(Al'l aeant hus |)uzmali e ufsl, o vwBd rasnc o

Angel i ka A. Buel a, Mary Frances Erika M. Landi cho,
Marielli Katherine C. Untalan

Coll ege of Engineering, Batangas State University The Na

ABSTRACT

The growing demasnd sfsorl vihengl tployw,d eqeidcldr i nk mi xes inspirec
l ocally available materi ali mivaibsh oapnr oem e migc hpeladnth ibrene heé
nutrients and phytochemicals with good health benefits.
deri vehi mhbreaobed e f |l owers using two distinct met hods. The
while the second fosabeldl encempgomentdngf avlglt eiende e vep opy
analyzed in terms of their chemical and physical prope
pul verization exhibited a pH of 5.69, titratable acaofdit)
11. 47 mg QE/ g, and total phenolic content of A5ylAagmghGh
pH of 5.78, titratable acidity of 0.79, DPPH scavenbing
phenolic content of 5.08 mg GAE/ g. Proxi mate analysis

moi sture, 9.16% ash, 31.31% crude proteinfree8e%tcmaacde (M
ot her handriéedhemispragmprised 3.68% moistur e, 5.02% ash,
NFE. I n terms of physical properties, the powdered dri
30.23A, viscosity of 12.90 cP, bul k density -dbrfi e3dl 7mi@x0 egx
an angle of repose of 22.02A, viscosity of 5.25 <cH,grmsbul k
showed that the physicochkimizabhavgpdeopdr dreskomi xkhewedevalféd
Dehydration and pulverization yielded a product with be
yielded a product with better physical propertilkismbdadhad
powdered drink mix is recommended.

Keywohridnsb d b aaver , powdered drink mix, pulverization, spra

ReceiOced:ber 2Revi2Be&dle mber 2Agcc?20@@Peécdember 13, 2024

1.1l ntroduction PCAARRD) [ 2] . Thehi mbhhdraef |
The growing global concer AOBMORLY|I hAarvadt w¥dl ARedB pBAF
the research and developme@ds #hnamae&enidood nNiaPd @ r Y@ ndo wa
creating functional foods ra@addonpeaed ageBerf rpad t fatofr all
ingredients with targeted pfhlyosweor|sogfeBt abenefujtirgd tji pjnal
these, powder 8ddr drtemdogo mb kCedsrubtoeghydr ates, total fats, as
functiomalredrgiailns ng signi fG.cahat agtctadpttied®, faBeE@ niacin.
consumers due to their nutrciatlicdiam, vpah ousep, h OerausSe, oifl Osht, o r @l
transport, long shelf life,saall &sdal kahgeédst Il awemod glts
Al l aeant husBI| ap#Fenthiclulso¢galsSityeroids, tannins, anthraquin
knowhi mbaibsaoan endemic speciC@smMapi fhe amuii [tjep pPienneoliidnsb asbraeo
't is one of the indigenoufs owedgeteaptireasCtPdocludnlentw8l ! ¢ n C§
project implemented by the fundawencijdsy, oftanmnienphi @il K@il ®d s
Bafos and funded by the PhihiimpribadvEeSunktd] . f oBeiagd i ¢ dicth
Aquatic and Natural ResourcRiYytiRechRkamnicha inhgmipsg e ofplarewmea r s

the Department of Scien-cePr &Md S iTMedc hmhaot | €or gi yaal d (dipedrs pdr eovdeul cot
as powdered drink mix.

*Corresponding author This study aimed to develop
Email address: mariell-i kedwmeph el 0kt amaixnglfanbegioes t+ Ad ® wer s usi ng
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involving drying and pulvenri 2ati.omr ox i Dmyt @ ga nvaalsy semnspl oy ¢
since it i s an efficient agpmeo patp xif Mt ep raensaelryvsiensg off r u
vegetables, and herbs [6]. c®Fryia8 d@tduGEe€snd htthe' OAVAE® n¥k
weight of raw materials, epRangesefmPhbd! by ehe Nt gRAI e
product quality, whi |l e puIv2e4riﬁatiCQ)Q)|§H SRray, dagyigregit

refine the material into %or?§ta£)r#te V\Pe|V\§ etreodccfu(Prr@d Thes
processes improve storage, aatnSporthat on, effis H?Pagtyfguoad

) . n
S:ecs):lvretr:ioaérttri|ebsut[e751 of food rpro&le SanfYg gthaosd SV\(/)a!SUb
P P ' and a conversion factor of 6.
2 Materials and methc)dspercentage of the crude prot e
, determlned extrfarceensgamplef
Hi mbamale fl ower s wer e CBJE{ 89m8(ﬂth\ tapga Sox| he:
provinceger.adreoonmal t odextrin W3§t|ere{tCJ‘a%?qjdfe rrpbel}e cchme @ n t
|l ocal mar ket . Al experimepnts e WELES C@@PHCH‘?%athtMPh'
unl ess otherwise stated. al kal i, followed by washing
residue. The determination of

2.1. Prepiammpbavadenoéed drink MmidKcul ated by the met hod of d
Théi mbanaloe fl ower powdered drink mi X was

developed wusing two met hod®NFE =Fh®e00fiipisd +medbahsond +i Ml se

dehydration and pul velriimhdah an. After washing, t he

mal e f | owedrrsi ewlerfeoraitrwo day2s. 2ad f{Tleémal fphehekic content

dehydrated using a f®de/ &#&sydhgt éotaeModdEeNnpbsc content

018) at 60 AC wuntil reachlsﬁ&d¥09§t5ﬁ¥k%veqgcq{tto.cadh’hgm&r}‘?‘

fl owers were pulgeadee@uluvseng)% earpl?a@mcinIUt'on was pre'pare
% o f,C Qs o dvieu e

s?fted thmesbhsaze20125 mb | fned wi?(in olc'aht e Bo I iem ent

hi mbaddaoawer powder was we|gi\';v%g %%qr§te9r%%t"?na'trhte' gdha .

packaging at room temperatUTH*ePéb@érb&n@é‘a\lrvazfreﬁweasured a
The second met hod involvedsuhes eweractriepnr egbnwad emas

solubl e ¢ o mphoinnebnatisa lod r drh owd rGsAE)anger g dried weight.

spraying drying.hi Abankaal cew afslhoi vnegr, t he

was blended with disthilmbeabawdt &r hetal flayogojdcconten

fl ower and di stiisloddibivat @m}t\;g%ﬂ'tgaelwwft[ataevono' dngcontrrtlaondti f\?/ae:

. a
separated from residues by5f0|OIOt rpaptml aque%ru'sorsotloutSl%rnaXNa(:

t he amount of maltodextr|nwhg Q&délosetdo Waps o dteetsetr m[inbeed abr
employing a preliminary exmpeniimend sddiddm mMivelirtadni 8BARC

utilization of wvarying amoantusni atimmailh) odviadleraghdieadpeaftf e
1%, 2%, and 5 %. Based on tphroyéed dwasdi phegsicpledppgand
of the produced products, t(hNeaQH)s.ealrhcen eMisX tduerce dveads ttoh euns
maltodextrin. The maltodeitY?hurR/eas‘)fadldOedmLtoT'E'?neatvaaqrebr
sol ubl e he xmbradacdte offl ower s (S%Qﬁ/\PStandh%pr nk The resd
dried at an inlet t em eraturUIV%lfenltSSO § aentdIn (QE Ipe
. . P t fhe'calrribria on cmOOecbl
temper at-u8 eA®,f WOt h a bloweduesrpceeetd| nof 4 rpm [ 9] .

The r elsiumb appoyod er ed drink mix was weighed
and stored in airtight packagd.ng. abPPHO ofmm etee mmealri atalr & c lag

anal yses. The antioxidant activity o
determined using the modifiec

2. 2. Anal ysis ohf i mb&nbawaﬂev%ﬁlbg ed11] whicdipbPpkydown hysr
DPPH) Aas200l0 ppm solution wa

drink mix . .
mL was mi xed with 2.85 mL O.

) 100% met hanol . The sample was
2.2.1. pH and titratable acidifle reduction of absorbanec

The pH and titratable aciddhyamieddEn deloertmded | aqkorddd
to the AOAC Method 981. 12, pamde "iiOALCe Meh hiolli t9i42n L was ca
respectively [10]. A pH meteeqru a(t Meotnt: 1 er pH s210K) was us
in this study.
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Tabl e€Chémical pr olpiemb apeozwd e f e d

(ABlnnk - ASa mple)

Inhibition (%) = % 100 (2) drink mix.
(ABIank)

2.2.6. Determination of physical propertiPewdered drink mix f
The viscosity and total soli o¢srameteersdet ermined accordi
to the AOAC Method 976.16, and AOAC DM@WHBH'“@??WdFV'”g
. . veri zwmatisol 'ubl e ext
respectively [10] while bulk density and angl e repose
determined [13]. p H 5.69N0.05.78No.c
Titratable aciditby,76% N 0.0@.79 N 0.C
3.Results and discussi OMoisture, % 6.57 N 0.38.68 N 0.cC
Ash, % 9.16 N 0.02.58 N 0.C¢
3. 1 Pe_rcentage ywemlbchpboa&bdetrr%qjuddee oItOePr?,d %31.31 N 0.358 02 N 0.:

drink mix . .

i 0,

Figure 1 presents the percentea'é’ery’i /°Id '5317 N’tfc1)'e”’ld2e1\/elg'pc
0.

hi mbapawdered drink mix usi'Hge Wehy¥ratPorn® fHipg38 62 N !
pulverization with 16 .-s30ll% bdlletirogsnt rfaea ieah0 ap¥ N@p®IBBPBO N 0.
components and spray dryingTowalt i &Bvohdi%. gplhengdehydriagion
and pulverization process oB'faf% 84 a higher yield than
extracti-sol ol eeatemponent s aTntdalsEfreanyplldCr)ﬁf@pgpy T hemws os N 0.«
. . : mg
l ower yield in spray drylngls attrlbutedtothe high pr
temperatures, whi ch cause ?&Pa{*plﬁﬂgl"ﬁ‘@r;”fga@étéé’él&%wpm .a6t3i B no,.
preventlng_ proper quUId mIDFB"PIHaStc:avUenglnHl/-l\cutn\:ilt;/)”rgslulltys’|stbha§ed
concentration of ma | thoidnebxatbraec re Hudoy)s iasd daes eld ¢nO 50tohh @pm concentr
. . TFa results is basTd on, 5000 pp.m extrafct.
juice extract before spray rying resulted i n i nsuffi
encapsul ation of hydrophobic compounds, l eading to
substantial l osses during dr-IP—/rllengp 104f thh_bema'gdw rpe%idr'd‘
extractifsmlublwatemponentsusncpgspdra{])y glra)t/llr?n iand pulverl
| q q q ) ,t%e mi- X hdevelopged Iulssngubehe
al so ue to powder epos't'c%r?npSHeﬁteaﬂrdyer raé&/ 3r inher'
becomes scorched or overcoo{J(nq I’esfuarthe§I|dgehctrleyas'cn|gd|chf
collected product . DthﬂUﬂb&PQinagndteMbleVreaftlqueed consiste
powder had a higher yield peegHsedi tempePatt@mésai gad Wat
insoluble components. acidity and raising the pH.
during spray drying did not i
2000% |l acks functional groups that
and act as a stabilizer and b
1500% of t he cthd wvreblagbmeed e r e d drink
dehydration and pulverization
S t hat of the developed-saobuhbpbe
E“"""% extract (0.79 N 0.02%). Thi s
of Braza et al. [16], and the
o increased temperature i s cons
edl . [17] . This reduction in

of organic acids at higher t

base balance of the product.
The d e vheil nobpagbdavod e r e d drink
Figurkerlccentage yieldmsi nbfabd@lkyddreateiloonppednd pulverizatio
powdered drink mix wusing pllVe%iaahiodl.ahH% stprruadye dprryojtne
met hods crude fat, antlr d® . B2%r amct r obt
powdered drink mix -dreywied g pcefd -

3.2. Char htmbmpavaliecsedofdr i nkStiybl e extract had 3.68% moi

0.00%
Pulverization Spray Drying

protein, 0.21% crude fiber,

3.2.1. Chemical properties nltrf:rgee?ecerx;gsa:t.i moi stur e
Table 1 shows the chhermaubcaablaor%rorpaerﬁleesigfdturbaeto the en
powder ed drink mi X developerdantsf}re ug hr dceehsysdr tdort]heanciim

0
pul verization, a msdo | supbrl ey edxrté{rla]rc]geroé I.Wiapéler fac
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temperatures (150 AC) resul telde iamngll ewerf mepetar es canme
(3.68%) <compared to 60 AC inh@.iTA%es The fledwaleidl ictryu doef
protein, crude fat, crude ofi breerposandgedaehalcioynt engniifni e
devellipmbampawder ed dr i nk -mipi mbham@@Uo®h 9 Porwielr powder ed dr
drying is attributed to thepnagddhhi eapr @y drRyitPfdeg&khi pitad

prolonged exposur e t o h'ghnd'i%'gﬂl?‘?rn@tuerxecse'lIéﬁ@d'fq%wéﬂ)
degradation through thermal 8mp°|3't'c%%pépfjsoonx'd?th'or

b f
The | ower ash edorniteedntprlondutcrb ﬁn?%'
m

) i | rr%’fei_scyrltand pulverizatio
from the volatilization OfcISastGi‘fim('e erasls ooord dllluttérorﬂs
mal todextrin, whi ch binds wi t h min?raa\ﬁ gand tnher .asla

. flowability o the pulverize
forming component s. st i ¢ hi h .
The hi gher-f r% enidxtorgaent i O'tsheuraeevcecf%peer(]:i’ whic et
hi mb apboavod e r e d dr|nkdmyxngjsohﬁdquﬁéﬁafllow' Conversely, the

soluble extract is attributRfaywbng hdraagsed mdhandest rf
carbohydrate used as a carmdiegt uargee na q ntwehnitc ha nidn csteiaskisn
overall carbohydrate cont enltowenr tahneg|feisn aolf prepdwset.. Fhhi <
with findings from other stipdieseyiendi clagtaidn gt oS i g rltairc Iter €
the impact of drying methOdFoﬁ@r”Pé{'EbHPébuCBBhﬁHE ﬁpra
The DPPH scavengi nlyi mdo@lbpg Eys of tr L owab i
powdered drink mix was found _t

0 6000 when
Y .vaﬁcosc'oP Nhs'd \*’8“?@ '§4

using dehydration and puIverT

when prepared using spray d¥ly9mR 'g.'el"'l"’nntlend@cWaetres Qﬁ“@jnltflc
higher antioxidant activit@GlZm .t i prédidiufcer epirced d Se ol U ¢
dehydration and pulverizattle.pulTherisu@eér pooduart,i owhiidcah
activity is attributed to td@enthigdter tiod ahepthepodéessiomg
pul ver

ized powder, consistepitevitRohbenfi ndinedsepyf Kower

[17], whi ch established adé:ﬁ)gltelahéggurbeerﬁe\'\hee*ﬁrr%l?i%'gp%lm}d
content and DPPH activity.

The reduced antioxidamt e 2C3t9|. 9’” V\{as IsepSS dense
powder can be explained 6917tf‘9e gn/"g)herTthoJ",8¥V§irn$U|k
temperature (150 AC), whi-chiNle&ldst e@Penhat Yyeqgr ddad NGn SPfr
sensitive fIavonoids. In copartasd e thrag dgwnli w@rn i z@&t & \oen tpiy
conducted at a lower temperatswrldainfy 66 AC|i plet ¢er Ipgese
these compounds, as suppatltt edaddi ttihcen asitigydy e @ h o DA gerad Nd e e
[19]. higher total soluble solids n

Furthermore, the use of mtad gxb[”{)e,lpzé(ﬁlepg@,agly 6)’%

?roc_ess contrlbut_es t o pren?aelrtvoldrlegx,[Q(IJIn),/p:11 %I t():loentceartbo
orming a protective matrix around”™the 'po yp 0l s, "shie
them from exposure to I|ight, oxygen, and heat, Pham, et
[20] . However, this prote4dtiveongflfesd Ofmay not fully
compensate for the |l oss of phmemeo!l € ud§ MpsOHINWesd Ca ks ed tbhye
higemperature conditions ofgispgjay; ddyd MY -influences the

. _ ofhi mbapawder ed drink mi xes.
3.2. 2. Physical properties lverizati on 'elded a f o
Table 2 shows the phh|yn$b|acba%Io B/rop')ezrtlles o¥' P

powdered drink mix developrrHyttor?rhc?dnér‘Pald%hfd’rcz{'t|aos taohtga !

pulverization, apsd |suporlaey edrthriabcgO.bkc wgwoat ent, a higher a

scavenging activity, and hig
Tabl ePh2sical propertihésnbabaoctnteendevaltipednt ent, crude p
powder drink mix. titratable acidity. On the ot

Develhipedgpmavaered product with better flowabildi
drink mix via ;
to the pulverized counterpart

Dehydrat.oﬁp% éELrbyI'eng Based on the findings of t

Parameters

Pulveflzat'ontract studies are recommended to
- N ~hlmbabpaoowdered drink mi X v

Angle of repose,3®&.23 N 0.28.02 N 1 .
hyS|cochem|caI properties. i
Viscosity, cP 12.90 N 0.00 25 N (T.oOIOIOW|ng. (a) explore the us
Bul k density, g/317.90 N 0289 .50 NSMGP as gum arabic, modified

spray drying process, (b) col
Total soluble sol0i.cg,0 ABx. 0D. 00 N G.i0Des be2w®ent 01 5i0mpr ove t he

27



Untalan et al. / IRJIEST 10(2) 2024 2428

pul vehiimkabawnd (c) consider Poeezm8: 2AiAviang add eanfr om:

alternative method tdiebhbaaok. etdiie pi/ éindexfphpn/el RII EST/
powder drink mix without bkb&thprdRASt n®ffiltasi ady Mejtihjogdmsa ¢
content. Additional parametergff8+alth@‘n%lh%tra%?lerpgﬁfmi%h

be included such as mlcrob|aAO Blynﬁternaaﬁd' Os]r_]easor20 evMiIu

. . oV
Furthermore,hlcmmapbommdregeﬁhejlllpgeﬁndlxlC cont ent and antio

with commercially available eq(rtirrhl&tgnip(,egmcgaouslad dRMa%ic @&

valuable insights. vall ey, bulgaria. Horticul
(2):5245 Availabl e from
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Mor phol ogi cal cbhiab axdfefad ez astiar@mdnlhiiomhiges vi si o
Anton Louise’, PRothel OtbamBoi ones, Mar s G. Pangani bar
Myrna A. Garcia

Batangas State University BheaNgason®&hi Enhgpneesing Unive

ABSTRACT

A crux component in crop health monitoring is the morph
the environment and farm inputs I|like fertil ideered cprd gé
fruits, and a root system. Leaf count, color, and @manop
aerial drone is allowed tposrtaavensd nmneaopanhnmalepadvh phae
of crops are captured. The total colih¢tot ¢édaaai ngl andhages
distribution ratio. From these aerial i mages, coffee se
field usi-Aa¢ mMbdelVGGrained to recognize coffee seedling
segment ati on, while the canolpgsedvBbNEgenoeésthkt i mat icoanl cwsd &
concerning the overhead |l eaf area. Since |l eaf <color ext
nor malization wusing an enhanced Triangul ar Greenness I n
reached up to 91.48% accuracy, 92.52% precision, and 93
Percentage Error (MAPE) for Il eaf <count and canopy cover
col or can be <correlated to chlorophyl!| and percent nit
validation. Estimation of chlorophyll and percemtppnead.ro
Keyworderial crop monitoring, smart farming, enhanced tr

Re c e iAwegdu:s t S5Revi0®dpdt ember ABOce (NO&de mber 6, 2024

1.l ntroducti on reailme data on soil, weat her ,

The integration of emergdmigvefed@RREPAGINePPIsiyBinzegs res
machine learning, the I nterfhfeddpct iTvhijtnygs FP b T)e X agdMPd €ad v
remot e sensing techniques ! BYX8T" a0diviod ultQ Hn$ 2RO Br NcAiVse o
agric r Remote sensingSaViiaydss awWhi h@t amaind|ad miamsepd @
agric r byespidatiodinng ath idPMbt OEF BP mHeVaSittenms have al s
moni t g and l and use MasNs3eUsesMfeMmtt . andodi seageaneBtro
hyper tral imaging has deMHovmshicreamedd Si t 5N ¢ adParbiiClyilttyu

u
u
0
s
assess crop conditions andSiddtdddicangtkyastointribatedRetcc
e
r
s
c
r

a

studies have emphasized thel 899kl ©F Hﬂiéﬁf?gﬁeca_t”rdale'hﬁidrqrh
i magery in estimating evap8€Rnaghdgi coMbeamednwi shbhi ML mbas
l evel s, critical for irrifBattiiGant i Ma@nh§emémpacits 4of clhri
advancementbased sae¢mdtlé t seh8T h§er Mucgudishgdies have hi
sensors |i2ke ePamtcatkargeni @ohi@lgogies in promoting car
providefifgecostve solutions fdreagmhaoleses [9]S. emi ssions th

Machine learning (ML) isPriancctriecassi niglidyy 1&8mployed to
nalyze complex agricultural DaRiatset 8! ! TEBRAPqUWeyekge m
onvolutional neural netwoRREETIXCNNSgi tave | 866wn ohi ght ¢
ccuracy in crop classificafMPbRmManatdiceat@sStdetaicity®nar
emote sensing data [6,7].! isk&ldy elsO hbaty es ofd |ved EJ@FPé'lgé‘d'
otential of ML algorithmsthgrdgyeleb paeatyd el s|. e Faurt,
both environmental and histfd®rCiUSalonyiteey idmnttead rpagi onj motfe g
ML with remote sensing can tshiggnysq caht pgaenmem@emtag ygd s
capabi |l it i etsi, mee ndaszlkiismigp rr[eQalI.Wi t hi n -croenssoturraciened envir onment
The 10T paradigm has facillid a?@dr esSpse tdhe&v& Pg AL & Mg f

smart farming systems, wherPeheinptteyrPd cfdn eScht Setde "y efv@icedeicipd |
machine vision. An unmanned

*Corresponding author for data acquisition. UAV i s
Email address: antonluouedsue.pdheow s mpgo @yn bpt gtcdtsei on agriculture
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pl ant phenotyping [ 18] . Tehvea | pdteacn ot pi Mm@ dedysttoembei sise
i mplemented on a personal csoempsu tfeorr o rr ali anp tngp atna ¢ xtsit a ;g
mor phological attributes ofddttadetcowas ,dieveddofngoeewne
canopy coverage of the cof7Amee3ot mreaas.o, Towhéhar agasrij mage
extract the morphological letmaii MU theys ,5 7t5h eg r ba tyasseedt fJdoart hte
fed to the machine visiongad geéithmpe MagFthd 1eofl ecaorfnfien
algorithms and i mage pr ocespSyic N9y toeucnt'ﬁnloou,essesaroef i Bpaliessd
primarily associated with tf?(ﬁthFEB” PgébFelltzurs%o@/Eplt'hca

techniqgues for developing F;10nso|vtatvleve(ao)lang”]oo erﬂa?dé’sp't”ﬁall
[19] . Further, the study 'aprtenrfjesg t9 v dvanc

instead of manual field measurements t o | prove coffee (
management -rmaldi dge.ci si on 5 =

2 Materials and met hodsH
This part presents the me

achieve the research objec (U he
section, a description of A ' wa
perfor med, and some pPr act et LRSS N d at a
collection are presented.

practical detail s about t hyg

their parameters. I n the fi

are presented.

2. 1. Data acquisition

A dat aset has been creat eyz
and videos of coffee trees. f‘
data in September 2021 to

was held in the Pueblo Farm . 1 n KRosar.l .. angas, .wnich
a field area of 5000 sgq. me':t'egrusrsBa 'Ir?alI mﬁﬂ'lgaesSh@fW'é](gffteh
were capt ur ecdanweirtah darosmengvdhe&rrgfeﬁ thd&) fP9shgive and (b) n
height was 5 meters above the field. This UAV is equipp
with 2375 mAh intelligent fI2 gtfxF OHREt EF Yt Hiah%city and
camera system conlgiZsM&I&)g x 036 heedLsearchers conducted r
i mage stabilizer, 4K Ultra Ol—f‘D.trBeB4‘@)‘Pf2fl%®t rougt ghei 8n/9% @ pF 1 9RO 1L
lens of 85A field of view (VY t389@th {f&r HdtSt éd‘tglu\)aslhentt
mm and an effective pixel foife‘lldz MEmSUEEMENE S 1T st Bints b ey lshe

illustration of the flightdafejgand thedrehoCV\Pmtplﬁ‘éeG‘eéé’artc'
captured the coffee trees u&Valguatpasy the accuracy of the

for |l eaf count and canopy covVv

\ For the Il eaf count , the ac
9-\ manually counting the number
wﬁ/ actual plants and in the phot

T To measure the canopy cover
lllllllll Leaf Area I ndex (LAI) was ob
wer e found bet ween canopy C C
species that followed the exp
[ 71 . Thus, LAI can be used a

5 meters t he canhopy coverage. Aer i al

! estimation of the canopy of

val ues cannot be directly
measurements of the | eaf area

i mage processing methods to
terms of square centimeters g

steps. First, t he cof fee cr
) ) background. For the segmentat
FiguFéying height of the drlorﬂaegé(ré’é“g%é‘r?t@rroé'ﬁ‘ n MATLAE

the Graph Cut feature t

The researchers selected u“tsalbllzeed' mage,st frf’lmetg‘égﬁt@ﬁfg
taken using the control ap%ln%rry hemalépe%euﬁs%?nggte rr'
data consisted of a total Tﬂ% cloc?elscrenéatge th-g m
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R .G“""‘" Bty Lage 2.5. Model training
' The aerial i mages obtained
enhanced to improve the i mag:e
includes tasks conducted to
t he intention of quality opt
resolving l'ighting i ssues. T

‘ : ; was used to tackle detection
Flgur\/\E)r:kflow dlagram of a mankedirismaodge tuhsei niggt eRGBand t he

i mage. i mages undergo segmentation t
pi xel. Thi s gave a mor e det

Afterward, the researchersegmastuatidon hepr deengs ,h time pfi xa
of a leaf in each crop. Thiisnfwarsmaneiacnurefd wiseé ngmahe i mgi
tool in MATLABE. Further, tfheatnurmbseraiodedr i@ mpixxelastadfng!
same | eaf was also obtainedinpgt. actual | enath of the 1|e
divided by the measured | ength in [~ Farm Aerial images result wast
squared. This gives the squared ! yer pixel a
altitude. Lastl vy, t he result fr Coffee Seedlings Detection| O U S step
multiplied by the number of true System the leaf.
process was repeated for every co v

Leaf Segmentation

2. 3. Object detection 1

The researchers described met hc | Featurefxtracion |e pl ants i
UAV i magery. The main task for ¢t v o i mpl emen
dedmparning object detector to | ot | ceomevimeasrenens | @ ¢t t he co
crop in an i mage.

——D{ Leaf count and canopy estimate |

2. 4.-16G@rchitecture Fi gurFel obw. chartbasﬁecﬂelte&itionu
VGG is a convolutional n@'&ﬁ@by”eeétworﬁaktltorhat mpl oys
very low convolution filters (3x3) and increases the net
depth to 16 |l ayers. Figure 4 SfFHFsﬁ‘fﬁﬁ' tectyupre of

e

16. The net wor k receives s tsh Iqil[‘n?5§li(2@% the

224x224x3 as input. The f econd, 4 afyderrsmdw e &
r

Fhe
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(%) ”63 ® S5T0V- M TR Q

channel s wi t h 3x3 filter
Following a stride max po
with 256 filter size and f
by the identical stride ma
Then, there are two convol
sizes There are then two
a max pool |l ayer . Each has
padding This 1image 1is the
stack of two. This convolut
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8). In addition, three ™MeLIWO
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vector, and the thi dreldauyceer oh Lfgi
classes. Finally, thereosuet""pructhecffs"t rta%?ié’“
is passed to the sofffttmax® IN£yMOT K o
ification vector . model on their -t edltcogdi g
t he model from e database |
Data, which contains more tha

¢ g igpe dy.

- S OOm® T 01—
V< T O>S T Ow
w O cCc odwnw o

Output

Cony 3-1
Conv 3-2
Conv 3-3
Pooling
Conv 4-1
Conv 4-2
Conv 4-2
Pooling
Conv 5-1
Conv 5-2
Conv 5-2
Pooling
Dehse
Dense
Dense

2. 7. Estimation of canopy cov
g 5 APl was also used to esti mé

Convolutional and Pooling Layers Fully-Connected Layers prter ai neldé6 VpdG <éd CNN model W a
FiguVé&a46 architecture. met hod extracts and calcul ate
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i n an i magd6 TMmMoeeMG@axnede onfThehsum of the weights is u

r e s e abrdcah earsse t using mo d e | Weild lotws nfr e matMentd béeeghannel s

Data's | eaf image database.NIR image. The scale ratio i:¢

dynamic range. The result of

2. 8. Level of greenness saved to t he di s ki maigteh o itrh.eg

The | evel of greenness ofFotlhe wd mmfgf etehet re®n wearss iiodnenao fi f

using NDVI (Figure 6). Nu mPiymalgieb,r atrhye fsryosmt ey twhiod n inso wu shea

in the process. First, theimaiges. bames morehodegti chi edat &

converting the image into ainndllWRdiimmpmgleeafCodwmuntbanldesyv ealucd

red(R), blue(B), and green(vs)l larbee celxatsrsaicftieedd .u sTihneg RGB bp

are plotted in a <color hi sheosged mec ownhmti iclhhg ctoonp t thmi sléesv etl |

intensity of the colors andpréicki omaevce | s maggulesofofcot be s mopmag

the detected crop. To get tphrei nlteevde It oo ft hger e eermd sn:malof t he
tree, the green color bands are averaged using NumPy.

2.10. Evaluation of the pheno

Imager 1 Imager 2 In this phase, the research

(Blue) (Green) functionality of the system.

was tested on a previously |

remaining 30% of the dataset.

in training t o avoid over fi

Imager 5 Confusion Matrix to calcul at e

(Red Edge) the system. The -tarcutuln) warld a ec

with the predicted values of

Imager4  Imager 3 for each class were detamwed:

(NIR) (Red) outcome where the model corre

training, (2) -hatheEngpobsst bee

FiguN®V6. and RGB image acquyidhi @ - object must be dernect

outcome where the model inco

2.9. Phenotyping system workfhe% There is a detection

Figure. 7 shlows -the- Worlﬁfelt%\@teddi,agarnadm(jprfaqlg% negat
phe_notyplng S yismagnei dhasrignugmetphheg ¢ t h g required to be det ec
aeri al i mages are |l oaded anrerdqacq Brst e sHet 6B delh& aho
trees present in the |nputme|tn}algces:were detected. Then,
Qetectgd crops wi | | be_ Conver/iccuracyN'Rl il masgeéa|él'l9|‘,gtoe§o
Lnput image will o be first cpRayerirddlgtdise diohss Gl &l
Then, color channels wil created 1 ncluding, red(R),
(B), and green(G) channel s. We'ghAccuT'acy= TptTn or ea(:{l)ch.
whereas R = 0.642, G = 0.532, and Tp+Tn+Fp+Fn

@ Precision. It is the ratio
to the total predicted positi
| Run the program |
Precision = —2 2
/ Input image / T, +F, ( )
T p''p
[ RcaclR(iHimagc | Recal | . It is the ratio of
[ VGG-16 CNN Model | the tot al predictions in the
!
| Detected Coffee Crops | Recall = Tp (3)
Tp+Fy
| Extraction of Leaf Color ‘
17 F1 Score. The weighted aver
/P“'“'“";,‘,‘{f;{,ﬁ;""“"““/ used to calculate the F1 Scor
| Extraction of Leaf Count | Fl SCOT@ _ 2 % M ( 4 )
} - Precision+Recall
— For the leaf count and canc
|Exlmclionol‘(_‘anupyC'U\-crm_.'c‘ unseen Imag €s wer e fed t o tt
: val ues wer e recorded. The p
compared to the actual val ues
researcher s. To evaluate the
the following metrics were us
Figuwer kflow diagram for the phenotyping system.
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Me an Absol ut e Percent ageTabd e®n2 .e( MARH) .t i MAPEt aken s e
calculates the average of paecrqcueinstigdgieonerror s. It i s a me
prediction accuracy. Table *+—shows—the—MAPE—F+MTTterpretat.i

?namt/edd/%{(gpt Enthe Ti e . of I ma i

n
MAPE = -3 |75 |x100 (5)
i=1 09/ 24/ 202188 PM: 53 PM 72

TablMARE i nterpretation.
11/ 17/ B302411 PM: 53 PM1103

MAPE Interpretationo03/03/ 2050 PM: 50 PM 168
<10 Highly Accurate FB?etQ62Qp§0 BAM 34 PM1OO
. 03/17v/ 20225 AM49 PM 130

1e@0 Good Forecasting

03/26/2@222 PM 55 PM172
260 Reasonabl e Forecastin

04/ 07/72@224 PM 44 PM83
>50 Il naccurate Forecasting Total 1918
Me a n Squar e Error ( MSE) . TAreg i méan magesar aeérercoll ect e

bet ween the predicted and aphemdt yailug s$gsmemsttoedchyeM8
Figure 8 shows the (a) overh

n
M_S‘E:%Z(Yi—Yi’\)2 (6) sample images for the dataset
i=1 presents the sequence of the
3. Results and di scussiagpuisition.
The following section p PRI T '
collected for training the
details of the ground trut
generated results of the sk

training, detection, and phg

3.1. Dat aset

Table 2 presents the dat
i mage acquisition, whi ch
when 72 images were acqui
videos were gathered on No
3:41 in the afternoon and LA N I : »
were processed using extraEtgHg(eaf)BaorNeesrhle@dMﬁT‘QAB Qﬁdtr
resulted in 1,103 images witRage char edatsael ihakeorrby mday
Mar ch 3, 2022, the third day of data gathering happened,
168 images were acquired. Mor2eov@&oundnhd rtuddirt h day was
March 10, 2022, which startedchvaliimeg@asvuphemaRt smoPhi ntghe:
ended at 12:34 in the aftedmMddRETr 1PF iln®adgvetss . weG ®! Ograt hfer
The fifth and sixth days of€sStaitatgiaamler@ihgt haecO®f dREMSRC
and March 26, 2022, where 31IBOWS mddé&s redtad i @aphi Andd et we
i mages (6th day) were col |l elcttaekgen Lmanygl |l ¥ hé ny atshte dfaiye lfc
gathering was April 7, 2022 twKiechh Ugs3 NiImaigRasgd éweR fe0 & & & Sl !
The data gathering resulte@ener agt egftghet hprgafundrdigec hv ajl He
having 1 to 3 coffee seedlidgRieyendgas IWereearsaleddPsbet w
with filenames that i ncor pb&raitee dt rmeya sy @nemnd s( DWhi 6601

DJI _0002, DJI _000,3, and sohadh)the same values or match
MAPE was calcul at ed, resul tin

it was a good forecast. Thus
acceptable to become the tru:
terms of canopy coverage est.i
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a Tabl¥G&@6 model summary
3000000 —
Layer (typ®utput Shakheram #
E MAPE = 199610 | n p u t 1
= 2000000 +—
§ (Input Layggg\lone, 22, 224, 3
§ convl 1 (CoNwe@b) 22417224, 614
< 1000000 <+
: convl 2 (CONu@bD) 22436228, 64
0.0000 f } | pool 1 1
0 100 200 300 (MaxPooIin&yB?e' 1120 112, 64
Actual Measurements (cm®) conv? 1 ( CO No A @) 11 27’ 3856 , 19
(b) conv2z2 2 (Cb6NwvBD) 1121 471584 172
300
MAPE = 19.9610 p00| 2 1 e 56 0 56 128)
£ .l (MaxPooIin&;lz\IE)f1 ' ' ’
§ conv3 1 (C6NwvabP) 56,2%5%5,6856)
g
&
%m“ conv3 2 (CONwvB@AP) 56,5%5BBQ08®56)
=
conv3 3 (C6NwvBaP) 56,5508 ®56)
0 : : i
0.0000 100 0000 2000000 300.00
pool 3
Dertved Measurements (cm®) ( Max Po Ol in & BIBS.IG' 28 ! 0 28' 25 6)
Figurd¢a). Derived mp)wssuremelnual (cm
measur emphn(tbs) (accm ual meaussurceomen ] (CrgNUE@) 28,108016a2)
derived meajlsurements (cm conv4d 2 (CONwBbB) 28,23B98®a 2)
3.3. Model training convi4 3 (corwa@) 28,22898®8 2)
Table 3 shows thelﬁsuannncahiyteodturhee VG
The dimensions of the input PBPEfuU , SVE]] f,g i $4tches RGB1 Yy
with depth 3, change to 224(x a24x3 a'sn passes through
first and second convolutiopghvsayerecpopnddp)harss, 298 eRYV20)
|l ayers with stride 1 and a maxpool | ayer with 2x2 stri
filters.-16ThreasVGIGE | ayers wiCtonmVvyp ?0(59“‘6@9)25140§§1549805812)
feature's after flattenlng thgnv {'85\N0é58 f2a2|315198y(§8{2)i
nodes i n t he final -1b6ayperri mbechyse
| ear necdl als0OsOOcl assi fication tpekish 1
. e 7, O 512
Table 4 contains all the dé/'tadpé@élhinrggtﬁyafter 20 epo 2:hs
tra!n!ng |l oss, val i datooa. qattencflﬁﬁgl%%en)afgoafsl) -
training progress graph for i s hown in Figu
which summarizes the data ifnc Tiab(lDee n&.€ Neingyr & 0987 I 36 9 8soh
that as the epoch increases, the training |l oss decrease
the validation | o0oss |ncreasfecs.2 fiP|e§SSN88ﬁ |‘h%(‘?8§5 Bt4e8s2 Ot n
system has attained the posaljé)gj ct|'(9rp(5_l\?ocﬁéjﬁsaé°§)'010%f74t9|l§l m
Figure 10 (b) shows all the data acquired after 20 epoc
accuracy. I n compari son, FiTgoutrael Ip&r amp shows &I2], 3lhe 44
acquired after -sxM®repo cThhse faocrcutrhaecyF}of t he
mo d el in the trainingScsete Tirssa'9n6ab21e°/ Pazarnadnsthe 5F21’311’44
91.21% after 20 epochs. No#trainabl e
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TablAkcduracy of the model tr(a) oo o
Epoc hTIr_g”S Qi\mﬁloisdsatAicocrh radyScor e 09100 —
1 0.03910.0479.95630.9603 4 pours
[E
2 0.0296.04340.95910.90091
09050 | | I |
3 0.02210.04850.95910.90091 5 10 15 20
4 0.0169Y.04830.96050. 9105 Zpach
5 0.013Mm0M.05370.96150.9115Figur(ea)l0Training and validat
6 0.010%.05510.96210. 9121 (c)scfolre.
7 0.00820.06120.96220.912243 4, ppasedibeat Counting
8 0.006MV.06330.96160.9116 In Figure 11, the Tensor FIl
9 0.005%.06700.9613.9113Web. The identified images of
to the web servedrr ad mkeldé ov/atoGe € |
10 0.00460.07120.9609.9109 The model processed the i mag
11 0.00040.07830.96140.91141l eaves on the coffee tree. Th
12 0.003®.07640.96170.9117° the API web server again,
system to display the result:
13 0.003mM.0799.9618.9118;: crminal. Table 5 presents th
14 0.002%.08320.9620.9120leaf count acquired from 500
15 0.002%.08280.9613.9113 MorpPhological features fed on
16 0.0022.08480.96100.9110 —_— )
—  API
17 0.0019.08670.96140.9114
Phenotyping System
18 0.0016.08940.96210.9121
19 0.0016.09120.96150.9115
20 0.0014.09030.96210. 1921 — N
e — | = ||
u p—
a) —-
( = Tmmmg LEISS S V&hﬂﬁtlﬁn IJ}S# Leaf Count VGG-16 Model FExtracted Teaf Coont
0100 — Fi gurkxtlrlacti on of | eaf count
0075 — , _ _
Tablleeadf. count distribution t
80050 —
5 No. of Leave&requency
0025 — 1-4 1
[]Dmlllllllirllllilll'llll 5_8 10
9-12 179
Epoch 1316 163
(b) 1720 122
09675 — 21+ 3
09650 — Tot al 478
mngﬂs— 3.5. Estimation of canopy cov
.SEIS'GDG— Figure 12 also used-t ABIped
o 5
50937- mo d e | was used to estimate ¢
09550 counting, the Tensor Flow API
09325 = identified images were saved
. 1|u ll‘ 1:] i nto -ttrhei nred6 V@E®&a ssend CNN mode
i mage was processed by the
Epoch

35



de Ocampoetal/ IRJIEST 10(2) 2024 2939

coffee tree's canopy cover abab | lefehaéf. pcroeldoirc tiendt evnasl iuteys dwiesrte

sent back to the APl web segetes. before being sent back t
phenotyping system to display the canopy coverage result
the output terminal. Table 6 sgmfargoiesr tlhretFepresgidieyd t ¢d c @
coverage values obtained fr om—the—phenotyping—system.
0 7
R ——— 1 7
Phenotyping System 2 4
3 7
T 4 5
i —W:|:
- — | =[] 5 3
R —
Cunopy Coverage YGG-16 patch-based Extracted Canopy Coverage 6 6
CNN modcl
Fi gurkEextlrzacti on of canopy coverage. 4
. . . 8 9
Tabl eCaGopy <coverage distribution table of t he 500
test sets. 9 1
10 447
Canopy Covlegragdreegmency
Tot al 500
1-20 6 4
2140 169 3.7. Phenotyping system progr
4160 110 The r.esearchers de.veloped
extracting mor phol ogi cal att
6180 64 coffee trees in Python. To 1
81100 42 terminal was utilized and the
|l oading and saving i mages.
101+ 29 phenotyping system, demonstr e
Tot al 478 extraction of the morphologic
i mages. Figure 14(a) shows t
3. 6. Level of greenness trees present in the input im
I n Figure 13, the RGB imagdé&iwas, comeeritmad et o sanl oNidR d
i mage. After t hat , the colDhe baerdisal( RiGB3g gewewaes irdeeandt,i fa
producing the NDVI i mage. dlehheec R6H thlerih@sydwerhe WVBE&N
plotted in a color histogram, nwhFiicghurceo nlsd (sit)e,d Xt nt et iionr

and wavelength of colors detteak ed|l anecr &pesm TlHtreo ugho ptshirs
|l eaf color was extracted bynoaypdormdgigngal hatgréedut esl ovrer Ia
from the color histogram., Tihcee mtriofpioenck par Pces swarnd yghéhe f

10 to represent the | evel odr gy ecalnemanaea hcopge o mafgfese tTrhe
7 represents the | eaf <col ort hiemt ecnosnwveyr tsecdalticongarr r NIMR Oi ma
also the frequency of eachllhe Agr édre coelsaurl t baonfdst wer gr &
provided, most coffee cropsehtavactetl ebhévebl of gneenséesty
LEAFOOLOR coverage and the Il eaf count
[DENTIFIED CROPS MR MAGE NDVTIMAGE WAVELENGIH trained ma 6 e |p_ma cHGGCNN mode |l
N 4 j for canopy <coverage, whil e V
yﬁ‘-'.:;"f'j.f ¢ wa s used for |l eaf count . | d
:-' v A‘k i mages were processed througl
mor phol ogical attributes. As
Fi gurkEextlrSaction of | eaf colbheiesénsiatyon of canopy cov
|l evel of greenness were displ

system.
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(a) INPUT terminal. Meanwhile, the seco
generated by the phenotyping
ot o di sk.
A 0. v B
"g"‘;("n“(""" Tabl eRe8ults of the two samp
CONVOLUTION MODEL phenot ypiRegs uslytsst eonf. t he two s

..... the phenotyping system.

comnd INPUT OUTPUT

Terminal Saved Disk

3.9. Evaluation of t he perfo

(b) phenotyping

Table 9 shows the values o
metrics of object detection t

Identified Crops .

; e accuracy acquired was 0.9147
T recgl [ was -Oc dr3e 2wasan@. F3166,
Rrs v indicating that the model us:¢é

- and accurate.
Grayscale Contour Matching

IMAGE CONVERSION TablEBva&®&l.uation results for thi

AccuracPreci sikPencal IFiScor e

0.914780.9252m®M8 93820. 93166

| Figure 15 shows that the pr

API |l eaf count overl ap, indicatir
— relatively close. Based on t
patch-based CNN | | VOOt model with the <calculated MAPE for the
o : indicating that it is a great
' '
ST SR S == PREDICTED VALUES ~~ TRUE VALUES
LEAF COLOR ((()\\;‘SF\’:.! LEAF COUNT 30
MAPE = 11.6093
FigurePhédaotyping system sho[_
detection of coffee trees an 2z rphol
attributes. 8
[,
3.8. Testing of the phenotypié
About 500 previously wunseen to t
system for testing. Out of t 1e f ol
were the results of the twc 0 — . of th
phenotyping system. Table 8 demonstrates the correspondi
output for each input of t hfel GUr elgbi.cbed VRmAYES. VShET HE
of the sample test iIimage was entered into a common ter mi
as the input of the phenotypiFi@us estlém.s hFooms etahceh d anrpoupy,
are two sets of outputs. Thaendipseéedisettedfvauoeputef wabhet
for the | eaf count, |l evel of hgrmepoessy andteangpyuesVvel
each detected <crop. These sryasslelnt shawer g Higmwliaiyedari ot
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ccuracy, 0.925208 for preci
. 93166-scfoorre. f 1The MAPE for
1. 6009 3%, and 15.6662% for c
hat the phenotyping system h
xtracting the morphological
The researchers woul d
ol l owing recommendations fo
uggestions may help i mprove
ystem for coffee trees. The
eaf color of cof fee crops
content. With this, cof fee cr
FigurkRr eldbi.ct ed values vs tr heavdalhyesar not . Ot her algor i
researchers in getting the m
Figure 16 shows the <canopcyr opasVv etroa gpeo sbseitbweye ng etth ea thriugeh
and predicted values of t hesycsotfefnre.e Eubpse Irtesckamarhetrrsatc
the majority of the wvalues lonbttearifnaecde maG@GuUla) | yormntdheé hpbagl
system have a high linear cwhirehawibh. provide a conveni e
the phenotyping system for <co

== PREDICTED VALUES TRUE VALUES
30

MAPE = 11.6093

O+ PP, OoOY

LEAF COUNT

10

- n nu —

0

300.0000

MBE=246.1403
MAPE = 15.6662 References
200.0000 [ 1Pol at N, Memduhojlu A, Kaya
i index analysis for monitor
‘?; 4 treesbasedawapproach. Barte
= 100.0000 [ nternet]. 2024 Feb 15.
3 doi.org/10.24011/barofd. 135
00000 . e [ 2Concepcion RS, Lauguico SC,
50 100 150 200 250 Bandal a AA, Sybingco E. Est
Predicted Values growth signature at the can

al gomiotdh mi ed visible band
Figur®atlé. evaluation of canoijpydecxovermgeo2®io Cofhdf €€nati o

crops (predicted values vs triugpotailddsesdand intelligent sy
Aug -219 Taipei, Tai wan. [ pl
The MSE and MAPE between tohee2ot.ruepapvagnid aprnedi cf €edm: h

canopy coverage values were gltsesg@dsudr@r@edoodahreg /MSE ar
MAPE are 246.1403 and 15.66[63al,emre%spp_e|q,ti\CQ,Iey[.hoThLe,seAy]@l(@q
are low errors indicating gooMarPdweds CMEON NaAGEY mdGY -0 FM,

However, MSE, or Mean Squaige@eRhe85. i hd8eROktoaeg@aPdat e
indicator of accuracy for thesoSyypsetaenm SAHECEEMGi A Serdif d ¢ C T4
standard error, is based-on {Bgwsdggapeaiofamwird orf.,r oad he
dependent , whereas MAPE is nagfrisémgienddr icnagu o oa@mput e
with respect to data that afrsped UFRcraaniptoe edL t 0B dbred asitar i £A4 1 YD
That is why MAPE is a more prtecjisegumedr igreenness index

sensitiv-atgubfedmosop | mage

4.Conclusions 11th international conf el
This study focuses on develnmmiongechnpheogygyt ypintdr mast m
for aeri al i mages of coffee atnrdeesonti sioNqg &ABA¢hi BAMENnts, oA

single camera drone was used[Ifpoarerthat a ; p@whear;i Ngaoad,d F
resear chers wer e able to estapllascd @nktnootwan] : nuinber; o020 11
aerial images dataset of coffdeod torges 0. HuowaRNndeéemderos
set s: training and testing,[ swiatth |l a S : 30hdwdH®r yofsl, Xhd
for training and 575 -based epsalrinmagndi Usyi,ngGaat PyPhomMal | a\
phenotyping system, the reseadragmdrak swenie Pablcehatn@drambiua¢
mor phol ogi cal characteristic$gasoefd Ideiagfi t @b unfti,el deapffhenof
intensity, and canopy coelver agegtomathencakfiag tRGBe si. maVgGl
was wused for object detectiofl catmadl ecxotnrfaecrteimocne oofn leergefr g¢
NDVI was used to determine thentkevel] @I2@ADadMSS Unabe
VvGa 6 pmaseéhd CNN model was Uspeldacbourlkhiowalte | EEE; 2027
canopy coverage. doi.org/10.12109/ gl obconetb5686

The evaluation results sHoWeéh&t HhA xodal sfaody obpect
detection has a high accuracyyerhaitcel ewi tbl babWat aei 0o @©.r9 V4
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MR TOURGUI DE: A cultural adaptive mappin

Al bert son D. Amant e, Poul |l saac C. MRe k ClEamwma=nuell ol
John Paul B. Hej e, James Booz C. Manumbal e
Batangas State University The National Engineering Unive

ABSTRACT

The recent advancements in virtual reality and augneynt ed
providing i mmersive experiences of wvarious tourist desti
a cultural adaptive mapping platform that wuses mixehde r ec
platform utilizes cultural mapping to mobilize commoahity
integrated images, obfdegtsese windt wvaldeesvivdi ophamednetmi 60 whh ec |
severe restrictions and closures in the tourism industry
cultural heritage remotely.

Keywowidrst ual reality, augmented reality, cultural mappin

ReceiJwende: 4, Revi2&@etdober Accz2@Pekvde mb er 8, 2024

1.l ntroducti on 360 images and videos is most
Tourism is an important C&BRIi@relyr camstrphp|ingprrer
economy. In 2015, the travel Tando UWOurMisxed nd@dkiryy cb6MR)i
10.6% to the country's GDPCYIMathiala aud |kqriint adxeg 15%i)t. esth
Philippines is an archipel @affcawalnhthrgm cheendplotshe d idtksy @

islands, divided into 17 dégi®hablesdy mBROPI€ovWhEBs . Phyy
country is known for havingOnsd rajdpspi @di Weerosgirtayw hg £l
tourist attraction (eTrave@esgjinagiipPds theyomi ghty shRoge g
heritage towns and monumeR®@&deMioCunttahinss Pl ahfRf&r §8Ns P
islands, and diving spots tdre Odhdddaktnstdbantofy RBarhds
popular tourist destination&Ppreciation and understandin

With GDYI®fflicting the vdrSiod,alijltogw gfOfUglcitSt$n tiopheexper
tourism sector is worth menf@lT®@himggding ikem k@ YeFilvied
tourism landscape will ne9ebrOhlel $THeS&GMRT after the COVICL
pandemic. Unl ess a vaccine i s devel oped, t he t hreat C
another outbreak is always Z2a.Maotserpialisy adiod smed thyo dvs | |
paramount concern of mo s t of Tourreascetaryi (toalri emvgowon
2020) . Hence, the tourism |annduB$paeunrycene3eDjsgrtaopha@@ptsoétwan

measures required to surviv CONTENTCREATION olizmon SERVICE USER ien
the new nor mal ¥

Many sectors are now mig = - JB, t o
various online platforms to 'i @ D rist
al so enjoy the rich Philip (g"? Ommﬁﬁm Mobil om
comfort of their seats. Thu models for web use 1 in
and use technology in the d : At t
can be augmented to fill th . . ions
di fferent tourists. 3 =

Virtual reality (VR) allo (ﬁ _ = hoic
safety, identity, and priva baasied cept
provides a world that is e e act
while eliminating dangerous (web-based) rooer
t hat mi ght negatively i mpac ceeseesesennnned eeeeens : R U S

INPUT PROCESS OUTPUT
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The app generates an equir eiAfttaenrgud taiptogptpion3gD, neosdwes hso wanr e
Figure 2, which wil |l t hencdmerws emlr ogecti ovi rtt @a@ah nirgeueelsi
environment . derived from-déeer @ oijmad e ds BB
4. The 3D model is divided ir
with unique texture coordinat
of t hdee g¥ 6 i mage. The final
Transmission Format (gl TF) to
into web environments.

FiguAe 2quirectangul ar phot

To create the full 3D vir gat
data undergone the -groddewsi
36@egr ee pictures, 3D proj on,
HT ML i mporting, t he addit - cal
information, background sobnds Pe lah.d3 Dn arrordaetl i. o n auto tol
setup. Then, a combination of tool

The dat a was manually sforchedkt dremprtemoar at $loemye Bl e
captures using Adobe Phot amalppp,ngt o amcd eahe Tahr®eaplse slsa

equirectangul ar i mage. Thewewseéi tthl ngedpr cAcsessshowmvibhyvec
aligning the fisheye i magetso barse do font hoeeo nmtordoell airntss  av
bl ending the overlapping r efgrioomm stdheeg r3eeOni mage v$ shaked sie
This process resulted i n aenswruégs etchathguuéatr urceasptairre owit
resolution of 5792x2896 pixmrdescesTsar gnhampat athieonqg wailriitn

I
Adobe Sé&ns&upeAl Resolution
h

whi c empl oys advanced ma ¢ t o
analyze i mage detail s and : - — pi xe
effectively doubling the r el e Ty T i xel s
Super Resolution function a¥ . ] fi enh
textures, ensuring sharper : it s .

i mproved resolution all owed Bgh ctlo
textures onto tcheegrveal |enviim & &

reflected in Figure 3. The i titcl
and-dAi ven resolution egnuhaa n

results, t hough specific pas reddt
and edge refinement, wer e out
quality and ensure the reprs 0

Figuu® Bap.

The baked textures are stor
el ement representing a speci

model . These textures, al on
integrat ed -biarstead & DWeh@Ll-triomane 1
Figurho3.o of a |l ow poly 3Denmedelngusi Rgr fcaarnmea mc e opti
projection. i mplemented to ensure smooth
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texture sizes to balance vi slWpaoln ouealeicttyi ngnd Icdadiknge vey
simplifying the 3D geometrwssociminedni zreet aedad @s pimdgr  r imen
and leveradgi ngf fTorieatjsresduredel ma@edgdmeént structure anc
features. ensur e smoot h navigation,
To enhance the user experbPirenkreammedec wdttdmThi®et i 6newas
developed to enable smooth ttfrdamSsiittiioopmst Hetlh@e FORbESPONE]
illustrated in Figure 6, wHd® dT7@98d LEPNEKYSEn I ANRBE s po
camera smoothly moves to &Nde qé‘@rtreéé‘bé’r'i‘disnlgerﬂothFFOtrOt

position, minimizing latenéy¥P&hd® %% viding an | mmersiv
experience. The transition éAéjI‘?éﬁ'Qlﬂafh\\/ I\}IJ st'imﬁtzdrlﬁé’lnf
the ommpoaition and rotatréﬁt%@rrﬁ% aeraesi'n'g;'p f_eunﬁecnttjeopst,o r
. and drsrpla(}/.r ng site in c%rmai
while asynchronously Ioadlngn t he equired, texture or
Il Thteractive fenatures remain

selected hotspot to avoid frame .dr ops. Thi.s ensur €s, .se.a
) . Xperience remalnﬁ |-mm51515rgen
navigation and reduces delaé{s in rendering the update S

Anvironments.

There is also an interacti.i
access to show the l ocation
available in the virtual tour
b '!!!!”v :

b ' [l

FiguHet®&pot transition. b e TR
When the user c¢clicks on t &= ) jur e
and 8, information about t T : 3 a
history, is automatically on
screen. Thesas amfeo i mpl e men.t custom
scripts in Three.js, throuq: "tht gc|tstenemra£'to detect
interactiospot Eashreplfesenteq_ blse .op# formatron
within the scene, and raycastr |s uGs etermr & o
us@rclick intespoetts with al%row?ers. oogle Chr
and shfari. Each browser i s
number, VR/ AR support, and me

Tabl@rdss Browser Testing.

Br owser \' AR
Categor'%/ey versd, norMemory Usag

Ver sion

Google 109.0.5414.120

Chr ome (OfflciaI$§ i (qf 700 MB
( 6b4i t)

Version

Mucroso%%fgﬁgé @§§||d§7oo MB

( 6bti t)
Mozill albbr®&fi o84 VYes 4700 MB

Safari Safari 5. Yes7 4700 MB

Al'l four browsers |isted in
as indicated by the "Yes" in
Google Chrome and Microsoft
Chromium browser enginhe vansdi
Mozill a Fireldiotx hrsovas esro. aS a6fda
hand, is Apple's proprietary
on Apple devices.

FiguAeg&ented information.
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I n terms of version number =< nnnl a Chrama iec tho most
ugdate browser Il isted in szlf; of fi
build. Microsoft Edge is al : | I ersi
its version number is not as? . i _§ . Mo
Firefox's version number is Itiseasyto  The I ot i
whet her it is an official bt ar i

ol der version of the Dbrowse s ami
features or security updates:s Roton e mARee mDRaee mouondly DR . _ions

Additionally, all four brEwgareEhﬁe éf?OOsMBobftInnempqud
which is a relatively high amount. With this required me
usage, userendwidewi ¢®w can SteixMlelrgteinicne i s measured by
performance issues such ast8Bowroddfitng Ftiigrrﬂerse JzSI%pIS'h(,O.si"’t
crashes, or platform instabi@Sh OyndeAndtdS|t|Q)Lhrhq |5r°olong(
memory usage may cause over%%@??%'g[t%nﬁneggttl ry a?l

. ; wh o VO r stro
mobile devices. positive experience

To validate the user experience of t he platform, t he
researchers created an inst } ghts
pl ated oratht racti veness, ease‘i nd
innovativeness. The researc I net h
analyzing and interpreting o L h su
questionnaires. Descriptive fhe produ eresing e tely
thoroughly describe a popul uStongly Agree  mAgree Disagree ngly Disags 0 men

The respondents are the r|§|p§l?r3§tniinfut'v Troqm %rl p%tO%U(
public institutions who attended the validatlon phase o
project. The stmadde ucgsleeds tri @NepRrgyPEr 18 shows that the

deter mi nBe ehppervisenmce of thefagpRbi gatitogn.peSciad sy tfi Le an
to 4 were used to deEtermenmeddeofl e3ves7 . of user

with 1 for user with t he | owe st AXNherience and a4 wit h
hi ghest experience. Moreove 'ome é
were used as statistical to? erie
. 2 EEREE:
the respondents with the tec¢] .jjj} I%
The validation was cad ri ° - ) B _—

i i The product is innovative This is a rare application and The interface is remarkable
experience in terms of the ness
us e , s t | mu | at | on , an d | nno\ m Strongly Agree  m Agree Disagree Strongly Disagree s |
overal/l i mpression of the pRiogdwrédennlolva¢ i degees of t h&kepe:

the disagreement of the user with the product.

Figure 10 shows that the 4ajoGamglosfSitBdd respondents h
a positive experience with aBacsemposmntd hmearnesafl t 8. 5a6ndan
found it to be enjoyable. Thhro ws&ahsgn uembCehrr oonfe , p avitcircoispoaf rtt
voted for "strongly agree" ahdr 8héaviede h¥RI ARSstmpar tp oar

experience. high memory usage of 4700 MB
. these is a good browser for N
t hat regardless of the brows
I I similar | evel of support for
& = technologi es. However, t he h
The experience looks enjoyable ~ The features are user frie The experience is pleasant browsers may be a concern fo

B Strongly Agree M Agree W Disagree W Strongly Disagree resour ces.

The survey data strongly s
FigurtettirOacti veness of the pb Q%Lécltve MR TOURGUI DE as hig!

. ,a_n intU|t|ve and accessible |
Ease of use i s t he f a mi a uy wi th?.éjfrodu.ct and
s t safti action a n

. o} T
easiness of the use of the rodpuct mI£9| ure 11 "shows t ha

majority of the respondentsS F6GRA _|'9 telqhes tatrogeltean}anrkfrlid
with a composite mean of &N g&SNgagheg hqrb(i stdAydrat pprg u
participants wh o vot ed foand "gredhpVve faegartelerres.fywhheh
emphasizes the product's eaR®erlét uged attract users who
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Optimization of aerated biodi esel produc
CuO/ CaO catalyktuhdker({ 8ebebbpmr a)

Rejie C., Maagrnnaeylea Fritz B. Briones, William Ross L.
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ABSTRACT

This study optimized biodiesel production from waste pal
kuhol ( Ssihelolsp.i rRNeheating and filtration i mproved oil q
direct-aaeiatedntransesterification. CuO/ CaO particl-es s
factorda&ivelt dresé gn was employed to evaluate the relatio
for di fferent waste cooking oil s. The properties of pur
Philippine National St andards for coconut met hyl ester.
conformed to the standards. The | ower values of FFA con
favorable properties for the highest biodiesel conver si
B100 and B5, reveal significantly | ower emissions compa
potential of B100 as an efficient and sustainable addit:
Key woaersat i on, b-tomhpesiet e desntgmal] heterogeneousoiclat al yst,

ReceiJwddy: 25 Re208¢épdt ember AdcepNo&dember 15, 2024

1.l ntroducti on Met hanol i s commonly wused d
For several years, fuel pendWicitn®dnedhd Ccét8ns unPptoidounc th v

been major contributors t6FAME)enhohdeEh garonetmiBethd nehti
prompting extensive researcohl YERTIolst £iamabbe raqreirmazad e
2023, gl erbeadllatenercgayr bon emi €858 ¢9sef@9gdipragduction,
adding 410 Mt to reach a r eCatral y3stt.,.4 tGhi s compatéant ovoa l:
rise (490 Mt) in 2022. OvertegpPrragf ufRBRe aNEH23P s Wrats.e E 8
from coal emissions [ 1] . Thtee cdhenpijCedt!liloyn uonff emestirbdi€eum r es.
and worsening environmental Bdodéesprhveanar beemroowacgdr d
of renewable energy sourcedy Wirtamspgisé @irédéicatmengiodfg Vaes
promising alternative. Biad #iodrdd |.-C 0 dtf fldo®d er epgARLPHEanG
environmental and econtoomiicEXb&Rnéfvedsy spteithigedndar biodi
bi odegradable, and derived VfardmUlSod &IPIeys #Fainpdpiral r wast
which reduces pollution. THRi®assedyidgalicoicwme@Xiothe o(p&a @i z)
biodiesel production usingPioapRpehbiese td@RgroatBEE T isqamt |
aer aasisoinst ed transesterific@&tCitoyYiwiyth bhe t ioXlyddsehNasaRia® @ |
The higher brake thermal r esfpoinsiidd ey foorf theoapbabytic
approximately 26% and 23% ¢tomgaeced t 6e pceattpab|ybziey do ereasnespeC
[ 2], aligns @itolhjehtsveesohidBivle®dp @&Ndossttudi es have den
effective and sustainable cfag@aGtlyistittorwhepr d Ne€d Chaitoad iVesste
and quality. resulted in the wutilization o
Biodiesel is typicall yettperrodutcreddnsestheniufgihcat i on
transesterification, a revePlsdthUcGt iroenactThe FAMAhRahi onrt
alcohol, and catalysts areheétmeboabdcatalkesatcs ahesg 3] Cug
triglptheidmsn componedase ®ffedcitiss tamagt fiammpsrove catalyt
converted into biodiesel @ficogpycepropf pryeaceaat sn@ndvi@
alcohol, typically methanoltramsesh&doficphi @he presence
catalyst. This process is cr ueiteelr ofgemeousdd &f crathiad g zredw b
fats into a sustdirnamldeé yarideehebemememme ndtue t o its enviro
Catalysts, which can be strosigggdasesnd aceialdsSi,eror ps @ldiuct t ma
facilitate the cleavage of pste&frophOndsud Nchfbojycseridrs.
activation energy and enhs%naclllngorre\%gg{gn s If |fllé:len50]y
- regeneration, and reusability
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al so recycling t he waste WC@atederlbagrwnde iTthsesreeacati ahy.
facilitate reaction efficieanrcydevhbiediredallci hgobupil Aiceatai
and minimizing wafsrtiee ndnay i amtgé ehchveant elcgs er i n . Afethd ro dti les e Wa
to homogeneous catalysts sucdl laessctseud.f uThe pboydi caddbemi o
their deri vaasito,n rfaememwalbolwe Weée b wasatnea |l mazteadr i a$ sng gas chr
enhances -etfHeict i ceséss and bsiuosdtiaeisnealbi(IB%)y . waQ@®t hceormpar ed t

exampl es include CaO derivede fPbml ismpmiine shaetlilosn al c aSltcainn
dolomi tMgO)Ca@ndoadeddumumi ceester ( CME) .

Opti mal reaction conditiong$narleigdhhquabFy rientpeonrtt antnnomwn
ensuring the success of -t rtahnes ewttielriizfdtciadn omf wWaost ementah &
based systems, reaction tewpklraberas mayprcakehel camgret fo

6AC tAC,70and a-thiigh mollcaohorlathi @, sstuuwcdhy ag&i med to opti miz.
6: 1, drives the reaction toga@lréglctc®dp|!Waadson.t hwfufgikcsd stimdt &
ti me and effective agitatiomanasieest ef UEiahtit®n Maxia®it be |
conversion of triglyceridegatigtystbipfld ecdimparTihgege t hact
along with efficient heter qgqegmng®ks|CcatodlijynsduSst ro0 Nstira st r
mor e sustainabl e and ecorichr@ic[grldcyesgiaabnlde tﬁéodpiheyssellco
production process. materials were determined.
The increasing problem Ofcofancbqqu"{‘§teinhabS| Oadllsecgeqpepr} oy
avenues for sustainabl e b'oé(’:‘(‘fllc?g|élvz§‘ISt?s§98§ rlNgerOe'l do(rW;-C

a pyoduct of cooking proce§N &% e 'ng‘%r'mle%tfrom rying a

high temperatures, and is composed used vegetable oil

ani mal fats mixed with food r 'dues free fatt aci,ds
I\/?af a‘tlsf and?met £6d% (

and water, genera#e@dlnhalersssta laa ast

catering establishments represent a significant feedsto

biodiesel production. These20llsMatrerirak® in FFA, making
a valuable yet challenging reflslhbeurmaterilanl $ hes®ti i hppihnes
a typical <city consumes appradxn, maared yce8s&kauth®hmwli bs%)(ddisi

oi l per mont h from househlbddsdeaddhydoamercaad sodiu
establishment s, the resulting WCO presents both a chall
and an opportunity. While s2nme. WCOe patr ateacoymel aerdd oapnrdd/CrOesu s ¢
for cooking, its contaminati ghewpt bdudipiudgn taofesbiacndi erseesli
rai ses concerns about its wcadsetays ftthre mamanr gWwnmampti al

Proper management and pretseatameat .friomc!l sdli @t efdi | FOaAYI
degummi ng, and acid esterifgiendetrightn.ngar gupsesemt i al tgQ ain @
WCO quality and ensur e s Uscycrersiscfivelnt t E@appest ebirfithat ipan
Repurposing WC O for biodi@fse@eg%rt%cﬂ,ql%tioqq, Oﬁéler'hsoi@, ;
sustainable solution, reducii g darpé/rié{tondnrgnhlg{rlp)@lth'bq)ﬁd
converting waste into a rensetwaggbé ofeﬂq@{h@ﬁﬁeprﬁt%ubfeth 0 'wco s!

cooki-mgns@ﬂning countries I'bPreetahtel nPghI|I|p|,{PIInﬁ|S pretreatm
The choice o f catalyst |sn,[cbr|,[th|carJ.|aln rg%tce?a ’}B'elél(baﬂnﬂ(%%

_erLf|C|?n<;y andlsustac| noa/kbold{:@ll'&fy é)trfwa'{lrhaes,trlaﬁ_ e%;o?llefclt%%tloq
S'IS S u-|y| employs h“t PRtel® ce|5tot%er;')t|"aec$§r8ﬂ‘ t he
(Sulcospdllay as 2 e_emgef}eo%%,og@ sl¥phye THGS%° ppon
particles exhibit a high s rfac? &ea an pr(?V| e asi c
. eedstogc was .careful ly disp,

t hat promote the formation of met hoxide ions whi‘ch, att
. |l eeyrpe, handl e of fpﬁ equipme

the carbonyl group of trlglycerldes, d_r|V|n9 eir cony
. . . olbmF.of oi l t h ougsh tr}e fi
into biodiesel and glycerolf nNnii ke homogeneou . ca alhys
whi ch di ssol ve in t he reaocttleonn _Crr?endtiau'np, 'Im_é’tu_ér'éd_eer?eotusa
catalysts remain i n a sepaorpaetreatbRQSeafP%rm'ft'.hceatrlggctsér?
of fering significant advﬁanyﬁblaézelqw ap ibASiiels efii L h F &4 4 oMi o
easier catalyst recovery afldoty e*gean”edrahoqal &y, t O B8 i®n ¢
overall eff—étieut'yvanelssoetf‘?Th§*pP6.c§§§‘.ta_‘m'”a”tS’ regarc
The selecdveedgewWebbe oil, tB&I MPLimM zagjpn process. I

coconut oil wer e fedastsos PterAet © Y5 r @ %%'ﬁ%‘t‘?bﬁd based
transesterification reactofCOoOnfieMmt eethB@o®i | a$@ mpclagtsal y s
particles. The transesterification system required bub
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Pr-etreat ment and Characterization of WCO

B
= e = 4 = AL

Waste Cooking Pre-treatment of Removal of Impurities Characterization

0il WcCo ‘ of WCO

Preparati ovetoadl Mixxieddle Cat al yst

Extraction of Calcium Oxide in Waste Kuhol Shells Extraction of Copper Oxide via Chemical Precipitation

©2 A >
&b F‘.. = e
o AN 0 @ g — T
4 - Copper Adding of ethanol  Adding of NaOH solution
‘3‘ Calcmatxon of Shells (D) chloride to each reagent to C1.CuH,0, solution

(900°C, 3 hrs.) Crushing of dihydrate and
Calcined Shells Sodium hydroxide Q

Waste Kuhol, pellet
Shells <::' g
-4@‘ o Sieved in a 200- ~ Centrifuged in

O\ en-dry the V deionized water

- mesh screen
Calcium Oxide ‘ samples and ethanol
Copper Oxide

Synthesis of CuP/ CaO Catalyst

4 . .
== E AerafAisshsted
“"‘ S Transesterificati
Stirring of mixture Calcination of mixture
(40°C, 6 hrs)) (600°C, 3 hrs))

Mixing deionized water
with 1:1 CuO-NP and
CaO powder.

Characterization of Biodiesel

N ASTM D34S

| ASTM D3453 l ASTM D29 ASTMDI® ASTM Dass

Engine Emission Testing

TESDA

FiguiSehgégmatic diagram of methodology.

2.2 Preparation of catalyst The wawshshel s from seafood

About SukgpHelfl s, as the $oetde Dh LheelaOCity, Quezor
catalyst, were gathered i n sseacekrsalanghecminctadi ngrecedsestk
the wet mar ket and various grh&egtl aurpsentes wak hBat and age ndade
cleaned with running water. T prejtdswassaPaeat @gaXxhr Gt
the copper oxide, which wags. dAofrteerth9Pﬁ§ a hdl yhereng
chemical process using varif4s | a9 htase %ltlcfé BPofPRREE
chloride dihydrate, SOd'umsngpfgx'w%‘?ep%lrlu‘asth%nesﬁtnlg%%%len

deioni zed water.
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whit e ;ELawder was obtained. wBaef ocne@easbeedgbysddyimdIlthe oi
calcined and crushed sampl e3s0 WeO eandt cwradc uilmt ghngs s hbopet
avoid reactdrmd swantidrh ap 0s. Then, the CacCO

was refinededsimed htolde sol 2.3. Transesterification proc
Duringgehemsohod, a 200 mL THGIN s(ecsotnecreinftircaatteido)n -avesi sdtoen

and 200 mL NaOH (concentr asksityenasc ansiesdt itnog 2w0f gf cour

CaG@ia hydrolyseéskudi sagi lal amw®ddhi ngasrRndn®odishing. Aer ¢

condenser. The gel that wasthero@urtedicti nbehweeret hp wWEOS
overnight at ambient temper@thgrceahdr@actipntefédchrACYa
with distilled water sever a2 mMPlnfeSs W%reo%Q%qQ‘tﬁe%Pﬁﬁﬁ‘Eb@@e
was vaaiuwerd then calcined at' SAFd °Ac fdl! 0Wipng D'umm% atthee ‘
s oegle | and caIC|nat|3drur;m|edcet$QeC§aO tﬂ“e Cnaecthanol

concentratlons (1, 1.5, 2 wt%
and,CO %
NgoHr IcluotsynthQ/Sslagqs,anEdlo 39?1 ouClynthesi egap ad.
a pe ets were _'SSO Ve etn‘na orl o theparal aylmlplpiﬂtsla
temperature, dr opwi se addi a't°|no 8{ 6 a10|-t ]s EFt'OQIOV\P r

Cu@lE,0 solution was carried qulbtlc\gbtrbaqtaqa@g){ styli it Thi % aAS®
the reaction progressed, t hgag hufqg Pdd tihEi tSrPaJnUmﬁe'uorPanC\zJ‘Iat”hgea(
green t-@r etelnyi sthhen black. 1CuQ gasgnptghez dwpirok This ste,
precipitate. These particlegjyreirfi wasthieyd whhBndedomriheed
and et hanol t hree t o four THd M@é&r auSiomd sgenemi wagatihem
400@m for 10 min. to removeapi mphe iteée&sti dmnalyl ypr otdhuec i Gig
nanoparticles (NPs) were sdriapedsingmbubél esntorfi ftuhgee gvai
then dried in a multipurposmom@eneaction sites. I n doin

I n various biodi-mested! poicessacta roenmi(xeedacti on) took pl a
effectively used as catalyse@xacttyppeadiiynatcanditli ond$ apr
CuO/ CaO catalyst was made Byemiotihitd PRrametersni tde @€
distilled watNPr awidt hCalo: lpo@@@®di tpydenst oat 2, 2.5, and 3
their identical catalytic prESFSEIPNed ePMREL atcyine O @PpA‘IC
biodiesel production, metal dYitE®d pCroeMPelrest itngd nlifyi S¢S 1389

concentration. e mi xt,urthen i e or )
i Th i th R/vllér”% IP&I @ n fdha" ht h§ deyce
passed to a vacuum filter %gﬁ]cledrr?leeldw"i’l%o tae %nnla\{%ejsgfasoyéj
remove any water content. T?noern? %ag‘ﬁ,yﬁaq arI'Dyu'sr anast hciva\{s?csi,t%ga
3 h attoowOdget rid of any adsorbez\:iv mohstgure. Aftgerward,
) were washed ouUt and recover e
t he cal edanCe dc aCQuaQ y st was grou r‘jieadqdoust' efvoerd Ado" M@ n and wa
20Mesh screen to beO:aoOnecal\tPaEIryoscTésses CuQie heater and aerat
were stored in sealed g|a33p8lo|n§ﬁ‘|'ﬁ‘§r§tage allows the el
_ _ the reactor drain val A&€.. THhie:
2.2. Characterization of WC®OSater and aerator were switec

| mproper disposal of WCOshe stemBiAOndr &t &r@ar BAHS moi s
establishments and householrdepedtseda fsdlginodwiing ntt he odd i d ibt

water pollution. Excessive eanth wwypentorfol WGals . diMoproesoavie rp
environment al ri sks, maki nlgi obi edieés élor peraocdhu crtuim nwa §r o &
WCOs a promising solution to this issue To achieve t hic
. . . Lo X Volume af Biodiesel Pruduced

physicochemical properties o%Bidieselild = G oiTsed 1°COs ( Iwer e
characterized foll owing their J)urlflcatlon: Anal ytic
techniques were used to det2 r4 el@éj?} |9 ePipdiesehcy
density vViscosity FFA cop % Iesed roduc;mdelf%rlonf trm(

’ ) ’ ?e ' AEfh gf"rgalesel A 'a ©
val ue, and moisture contentylep%nsbuteyndvg,ads bM€oagSi Uels€ed] U S|imd
pycnometer bottle, with oilpsiohdeiaetseed, aanndd ovEdh ghedt hef pee
after filling with a 50 mL beeialkesanmpnd .t Waorscwghlty miaseds

using a Brookfield viscomet@ME alxl eonsd Ana sansdeta tconk%andc G

of 100 rpm for 1 min. FFA 2eO\PeGI t"’}/é/rbdrewaaé%é/o rneé"dseﬁjmnog

AOCS Met hd@®, CanBal ving t'tralJtn{erouosfta}m%%Ut| cII%qun cle
et haondl solution. Acid val yegyWigs cfaorcu\l,@ﬁ,e(guets rodlugthlic
titration wi t h KOH wuntil povleirahyt apil ek i &toil ®r aarpopnegar ed

Saponification value was obompaedd by heaaPdNSi fflydmgB% heand

sample, followed by titratPbAdwged fHom Slﬂé|e§ttl?rde WERSRLt e
performance and efficiency in
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2.5. Characterization of bi®@adnddesglation of regression we
To determine the efficiencygriammcequa ANOYAPSf t™Moeepweduc
biodiesel, its characteri zaaniaolny zveasanadomeudectrend nesitmg ddeé
analytical met hods in accotthenbée odvi ¢ helt hper oRINSSt i @om gLME&c
along with the Department of Energy (DOE). Each necessal
property was characterizedTaubslikragla mné tse rcso rfroers pooprntdiimigz a P N |
testing method. The met hods |nc|ude ASTM D405 Z, ASTM

Controlled plﬂmlatnlleetveerILe]/eILeZVeI 3
D445, ASTM D2709, ASTM D189, ASTM D6 890, ASTM

D5453, ASTM D6584, DOE TM 0dataASEtM OSBtetewk Natlidcinl 2 , 2
and ASTM D93. All testing procedures were gondu%ted at t

Reaction Ti meh
DOEEnergy Research and Testlnq Laboratory to ensure

adherence to established st3nResds tagsd apnrdt ddoslcsussi on
The physicochemicdlr et epgle WC
2.6. Engine emission testingych as palm, vegetable, and
I'n determining the efficdgdcyalcful bh8d.B10W0e @2d eBmi ne
biodiesels, various engine yqgnicosijan t &Fias camd epabal Weey
performed. Vehicle emissionggitsesSytrien 9c Aretteenytmi e dt pd e we ek
not a vehicle emits pollutaghjednddhow Mughi dtti ceaMi tiSr.e s
engine parameters and emisighieonfefeighdionks f Wer Bi edXiagm e dp
using a vadyrmami cofenrhgignhe trials and analysis
procedures in sever al facil-i—ég”e@hﬁsri ol cachbnoer niti t coartirepsabperC@:

Moreover, |l aboratory tests—for—the pluuuucd B10O

) ) t@btenut

biodiesels were conducted |nPhYﬁ'eCO'FQEW'n‘i"{(’:'Ba'IpW‘Efgg%ﬁct dupjipn a
Skills DevelopﬁlegtorAaJlthﬁlratlylng Center

2t5y g/annL 0.901B. 900. 9073

CALABARZON |l ocated at P. Herrer a C Bat angas City. The

tests were performed to evadlisaobtyhat her8 . t9IHEB. RBAD. 4838 |

emit hazardous compounds, SFUFCAhContentom@'tdC38hié§d64583.a§§3500ns
carbon monoxi de, carbon, di oxi de, and oxides of nitrog
Biodiesel characterization Afrkd dapgwne.f imda MOATOY. 28B.p7 0¥y a |
quality and compliance Witéwap%nlanldcaartd S &)ﬂar]sdqem %T&;bjoﬂbﬁif)@oc
problems caused by biodiesel bl endi ng, trace metal s,

ot her fuel quality chaIIengM%i.St“re Conteno, 022a0.w0 040. 0020

2. 7. Design of experiment 3.1. Influence of operating c
The central composite desfifgdm WOJsSi sting of two facto
with three level s, was utilfozedpt @i z e MPil Pdiedsefiopr d
optimization of biodiesel cmMExE©hatriagdN-on Thing Mehkedoowas
applied to reduce the numbgeirrydgqfegexmeihgpenrnt cehefHi " edmf
obtain the optimal conditi qnrs (fypr fR&EXigMkM Wit hdirensregle Y iee
Using this design, the requifpede awdodewereéany¥sBYTBEr udle
and their conditions were ade&tregrgnei nejde | @and of i pRréi z&E: - t (T
factors <considered for t het hepteifMieZeattsi oNf PeradtCaelsySst f @lon €
WCO at constoant modtalranroat i o5 agngd (gted BB i ehteWr. €
are: (i) catalyst concentratifogp|and3z (pirbsbRBEL It MR thijmped il
The ranges of the catalyst ccgogycsiantorndatsiedtn (11, slh oSws 24 hvet %
reaction time (2, 2.5, 3 h)praghhelsise d offore g&@mcwcWCO were b

on the preliminary experiments and fell within the desi
conditions identified through the optimization studies.
statistical anBXyesrts, sdfhtewabesi @QDES)

package was wused, and the transesterification response
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TablBRi 8di esel yield from WCO at varying operating condit
. Tri al 1Trial 2Average
: CuO/ CaoO Reacti o . . .
Type of Runl X .5}oy|eld% yield% yield
Catalyst «c6%kentféa)t i O viv) (Vv/v) (Vv/v)
Pal m 1 1 2 68. 25 70. 85 69.55
2 1.5 2 78 85. 5 81.75
3 2 2 86. 75 91.75 89. 25
4 1 2.5 75. 75 76. 25 76
5 1.5 2.5 87 88 87.5
6 2 2.5 88. 5 89.5 89
7 1 3 85. 5 84.5 85
8 1.5 3 83.5 85 84. 25
9 2 3 95. 25 93.75 94.5
Veget abl 0 1 2 49.5 51 50. 25
11 1.5 2 72.15 66. 85 69.5
12 2 2 74.65 72.45 73.55
13 1 2.5 6 2 60.5 61.25
14 1.5 2.5 70. 45 72.65 71.55
15 2 2.5 75. 8 83.9 79. 85
16 1 3 68. 45 70.65 69.55
17 1.5 3 75 77 76
18 2 3 80 82.5 81. 25
Coconut 19 1 2 82. 75 80. 5 81.625
20 1.5 2 85. 5 85 85. 25
21 2 2 90. 5 90 90. 25
22 1 2.5 78 75. 5 76. 75
23 1.5 2.5 8 6 87 86. 5
24 2 2.5 86. 75 88 87.375
25 1 3 85. 5 86. 25 85.875
26 1.5 3 94 91.75 92.875
27 2 3 97 95 96
Coconut oi l at 2% catal yshoweodnlceags rat i 0n00hd, D.060DHO,
reaction time achieved the ihndyihceastti nyg etlldat( 9&%) . motdp$ssi sv
than [ 9], which reported a 0900%)yi €llhde ursoidreg & ogi miallar amda
but under different condi t ifoints,, whiglhd igdh¢ omgt t kel of bgl o
t hi sGstapgpy oach. The high yiveelgkd addlei ewvields ,i nt hé@i £ ontcedy r
particularly for coconut oisli gniafecamtmpapakel aetded masgd weh
those reported in prior resfkmarch. thersei,nstanakys{ 10co naccel
97.76% vyield using a NaOHi i cfat méyse, uaser nthwehoedwdg I
assisted transesterificatiopmv,alwher eTahse FtVhaihse ast uwvibyd ed t4ill. i429
CaO catalysts kiehsohhed d sf,r admre noadsttZ6a.t8i9ngf or vegetable oil,
t he f easifbriileindyl gff& pedctot 9 8t cdtoavl ypsrtashabi |l ities of occurri
The ANOVA results for biocoeBidl peg oflocticomohmuemopdl nya
vegetabl e, and coconut oi l svi Bhea sa.mim&a%i clealncien offallcecud r
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TablANGVA table for transesterification of palm, vegetab

Sum of d f

Source squares Mean squlv®l ue pvalue Remar ks
Mo d el
Pal m 457.53 2 228. 77 41. 49 0.0003sSignificant
Vegetabl®&66. 63 5 333.31 26.89 0.0010Significant
Coconut 255.44 5 51.09 16. 52 0.0216Significant
A-Concentration
Pal m 405.08 1 405.08 73.47 0.0001
Vegetabl479. 36 1 479.36 38.67 0.0008
Coconut 143.82 1 143.82 46.50 0.0065
B-Ti me
Pal m 52. 45 1 52. 45 9.51 0.0215
Vegetabl®e87. 27 1 187.27 15.11 0.0081
Coconut 51.77 1 51. 77 16. 74 0.0264
AB
Coconut 0.5625 1 0.5625 0.1819 0.6985
A2
Coconut 7.19 1 7.19 2.32 0.2248
BZ
Coconut 52.11 1 52.11 16. 85 0.0262
Resi dual
Pal m 33.08 6 5.51
Veget abl @4. 38 6 12.40
Coconut 9.28 3 3.09
Cor Tot al
Pal m 490. 61
Vegetabl®41. 01 8
26 1.5 3 94 91. 75 92.875
27 2 3 97 95 96
3.2. Influence of transeste ° £ (Average Jield Gow/v) )yl es
I n this study, parameters for
evaluation of transesterifi *° i esel
a CCD. A consdbaht rmet oarod]|
temper at uweer @ferm®ml oyed in t °°
Figures 2, 3, and 4 sho 3 /een
cat al yst concentration an pl ot
demonstrates how variables B inoo
The contour plots show tha ds w
obtained ah B%Yadr asns 81 | oi . , )
oil yielding the highest bi ! 2 - e e ?

X: A: Concentration (Percent)
Y: B: Time (hours)

Figurlent2zraction effects of o
oi | .
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N — Table 5 shows the propertie
' hi glyestt ding opti mal conditio
majority of the properties coc
and t ceonfionming properties [
di fference from the provided
density indicates that the pr
the allowabl e | i mittésyele nrsautriia
E — ‘ ‘ s full combustion. I n light of
18T Gour) the data obtained conf®sms  The
Figuréntderaction effects Omeaosngrgéit iWnagte(/aICPé]lgleélé %'ﬁd_Ci
vegetable oil .BlOOddlcdonnfo_rm to the sgt [ i m
is decomposing and forming ca

R1 (Average Yield (%v/v)

TablRr dperties of B100 compar ¢

Me a s u rDeOdEP N S

Property MethOdvaIuestandard

Average biodiesel yield (% v/v)

Density, kg/L ASTM 0.9303.8590
D405 2

Kinematic visch$STMy, 3.01 6.0 max.
mn¥/ s D445

Figurel ngderaction effects of operating variabl es on
. Water content,ASTM 0.1620.05 max
coconut oil. % v/ v E203
B influences the effectivenebss of_dthe transesterifica
process. It was varied betw%eaévp\c,’vnzrﬁs,' é‘.‘%ﬂé"o An%* & 3h M *Re
show an increase in yiel with increasing B Based on

d .
results gathered, the highegzt:gﬁL%}dﬁigee§(elé‘fJ_§A7elaJS'8fr6m t he
were achieved at B = 3 h The results aPreccBmparable to

of [11] and [4], which revesadlddr aconit omtliAsTMt rend i makel
varying B. ppm D7039

A was highly influential Ffed gt heer CMEN y41e0lmnd .01 & ma2 Imak.
particle size increases thé& “Y¥posure B4 hiaédi ¢ active
resulting in improved catal ydtia giCycievii BN -14A0%I 9 ho ©OME mysi ¢
96 % v/v was observed at 2% W W For n®t&dféed higher A

i mproved yield up to an OPAMEM@&bntRA{ NENS/MPBIOEY &.&%d6l . t5€ ghi ni
di minishing returns and si%We&/WeactionsM Gdhen exceeded.

Similarly, longer B enhancegd; £(00YE&8f§iSoin0 Nashriyt pPod@tsg8ad e @
reaction reached completionfempleh@serefi @a@86ngs align with
previous study [12], which gemphagjzesegthe1£34tel 6@/ mi RO
controlled reaction conditisotmdilintyoph i mizing biodiesel
Al so, soap and gel ma y forrEIgvshherboﬁnti’ngﬁ&serfmse§39b_eo¥6>onqmL_he
optimum | evel, preventing ester | ayer 9®patatA on [ 13].

3.3. Comparative characterizathe nmeds Brldd watderB5cont@e nt

According to the standardalssed ®d&onfthrem DO&E, t hbe skitodiiensi
properties of CME ihcdud@/ bo .dieenxso%t yvirangel ofis a fact t
and a maxi mum ki nematsi.c Watgecr@sdlIlt )y WifodG.esemmi s more to
content mu st not exceed O0.uhd%sbyabviod umiear aacntder ¢ 8t hen t c
residue is capped at O0.30%etmehtmgk) of Smbifgturconment r
Il imited to a maxi mum of 1 0a codpumu Ivahtiiloen farnede ngilcyrcoebriion oan
total glycerin are restricdteiderto r@mda%reateiqaun mmentQ. 24

(w/w), respectively. FAME comngdlent Hemesé, beheateaimmi mi mumed
96. 5 %. The distillation tempedw@dtuiren shoulpd esetr vex aehaed 3f6
oxidation stability requiresysatemnimgmabfedOim, tahned & &
point is set at a minimum odod®&r AiCng this matter is nec
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Anot her property that did3nsét Stoatfiogtm ¢ @l teérealsyesi d imfit
carbon residue. The obtained Tdhaet ad iofnf eérhei rsc epsarlmantewean itsh
t he 0.3 maxi mum value whicBilO0OOn&aindatéease PN&t f drheCMEuealr ei

decomposing into carbonaceauws$s!| maypot béseswhfiocrh tdhha&n pcopeg
diesel fuel injection nozzltkemadi sbm:mtor uscitg nfil foiwc a(nftabdief B
Since no testing equipmenbi bdieset ape odwwmlearl dirso ga vtahi el at
locally, calculated cetanethnéeiec &€ Owec @ mpparoevd dtead t[hl6 |n.a
sul fur content of fuel s al so significantly affects er
efficiency and emi ssions. TMorlebivefer etnftees f bheé¢ waeard tthoet ¢
glycerin content of the B1BDO O aampd ePNSotflorc €« MEor m t o tF
standar ds, as well as the -F—A—M—"rc—e—n—t—e—n—t—a—t—Q—B—S—S—%—&W/W)
Additional lay, coimel ipamodeucwi t hPrioher pdias i TR @et éamso; g\'?eerrbparletat
temperature allows it to haxe room fgogr 2 putrific
from all the unreacted 0iDIensPP)m,(P.CM@i%ﬂ.t(§9’45A§d"e|pf‘<lb'tr’S|gann¢i
me t-caat al yst content [ 17]. I n terms of oxidation stabilit
conformity of the B100O sampF'e”elmﬁ‘H'l‘bat s _ that it is res.|i.:¢
. |SCOS|t0y,367-9.3873AccepMot signi fi
any chemical changes t hat nmﬁ/g occur during t he long
storage of the biodiesel. L y,Ct e obtained high f 1 @
of 139 ecC in@dibeWeslteehaza%dwwheﬁ Q%ABo 2@ G0ACCepNot signifi
to Hhiegnper ature heat sourcescigrlbo

Presented in Table 6 are Rédiedue e sa2otos 22f6@Accée et asviginl faik

property testing in the produ¥®ed B5. Among the 12 proper
obtained from the produced CB&(DLOIat@oth_eight of them ar
availabl e i naupt.heAnkdl eanndoendg steht€ L 8" % '&H?X only
one, which is carbon resid , i onform to the
national standar ds. Thi s |sl§§p|”‘rf|u?nar|% %(btd 3e z%co eP’%"et ﬁ'gnlfl
of carbon content i n t he a':dree GIcocmmerC|aI diesel whic
signifies a higher fuel emi0/osxis//ivmnd/c@111&5;57‘51a7r2é3c'!l0"\?Coe'o'\’l'oht Sihdnd d b
B100 [19]. On the other hand, the rest of the propert
comply with the | imits wh|c50°f,§;"" gégf@étihé856¥-\h<eepf5¢todsuGJEIdfIE
can be a beneficial-avaadd|atb|l\eFeA(§AtIEcesed>mmerC|aIIy
fuels. Content 0.499@. 0005MccepNot signifi
% w/ w

TablRr ®perties of produced B sciolmpaatied to the PNS
Temper atOurde!, 48 . 1 753AccepNot signifi

eC
Properties Met hod Msasuré)d)EPNS
alue BS Oxidati n
: StablIlf[by123'$!).0987AccepMot signifi
Density, kASTM D405®.84720.8286
Ki nemati c FIl ash PobDnbs, @C AccepNot signifi
Viscosity, ASTM D4453.663 2.-40. 5
mni/ s i
Table 8 presents the differ
Wat er - t he roduced B5 with the PNS
Content wASTVY E2030.018 O 0.1 p
sul fur content and water co
Car bon : i fi t Bot h t
Residue, ASTM D453®.34 O o0.15 Stgnifticant. © parameters
%  w/ w measured val ues ar e | ower t
Calcul ated ASTM — 6 50 standards; hence, their null
Cetane | ndke&7-B7oc B ' significant difference compar
. w t er min t hat t h r
Sul fur Contemi.p703m. 00350 0.005" S dete ) ed a € pbre
ppm significant clearly fall wit
Distlllatlgg.rgl D86 355.2 O 370 provided by the PNS for CME;
Temperature ¢ nul | hypot heses are accepte
Fl ash PO'”bgggg{l A 65 6 55 di fference in comparison with
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Tabl i Bf erences bet ween t henoptreowoerrtthiye,s a@$ prhedgucdeidr eBcSt |y

with the PNS for CME guality. Further mor e, t he use
(B5) offers a practical appro
. omputbedci si o/rer bal ; ; ; ; ;
PrOpertp'\E$|ugtvalueosn Honterpretlart]lté)n .eX|s.t|ng di esel engines
odi fications.
Density The findings u n ekecrosncoonti ec te
kg/ L '0.48830. 033AccepNot signidhgahtlonment al benefits of ui
c b biodiesel productionkuMohed ¢ puy
ar on .
Residue,0. 15451. 3518ccepNot S|gn|q‘1é§nt5t udy contri buF es to red
% w/ w dependence on fossil fuel s.
Distillation catalysts enhances process
TemperatWwr48730. 039A8FcepNot signifecasmatbility, as evidenced by
eC eight cycles with yields abov
Flash Poin The produced biodiesel al i
eC d.i4280.1818ccepNot S|gn|éM%antW|t h mo s t properties c o
deviations in density and moi
(S:g'r]zg;]t3.op7pm‘sela7 56Relj ecSignifichhte potential of scaling wup
’ viability. Mor eover, the redu
Kinemati c as hydrocarbons and carbon m
VirﬁSCOSitQ/.,3393-0.552/5CCEpN10t signitff heangnvironment al advantage
mm/ s diesel fuel s.
Wat er
Content ,0.000385.84®R&jecsSignificant .
% v/ v 4 .Conclusi ons
) _ . . Thi s study hi ghl i ghts t he
3. 5. Engllne. emi ssi on testlngugtfaitpgblpéoq%%% ¢ Jc9<0fonr t?iS
The eff|C|_ency of_ t he p_rog_BESHuﬁl%QIaniddeBnt|fa1'"épdl ess WA R
analyzed using engine em'Ssc'oonnd|tteisotn'sn,gdf Pi‘%séﬁélﬁ@ar(benacco-qrﬂé
ar e Ithe _results o_f t he etrrr1]|§§|m%r,1 %ﬁsﬁ'mi&ﬁ’eg&\Pféoﬁ'.“c?&.deéjéf
samples in comparison wi e MOMIEL &t Bhg 9t H2® 'critical i
. . . nver sion ci
TablEnd@i.ne emission test re%?otd?efs%rlsproBlLbced Eadogbesqls
Commercial Further mor e, emi ssion testing
diesel BS B10O from WCO significantly outpe
reducing har mf ul emi ssions,
Hydrocardbnppm 17 ppm 15ppm advantages.
To enhance biodiesel produ
property testing shoul d be
cQ 2.2% 1.4% 1.1% |l aboratories for accurate cha
Al ternat+«if ¥ € ctciowd catalyymet a)
co 0. 06 % 0. 03% 0. 02 % oxides or calcium oxide frol
. 0 . 0 . 0 .
explored. Process i mpr oveme.l
condensation systems and reco

Source:-REgGSDOA | VA

addr ess water content i Ssue:¢
Through t he testing methodpan&j'hrégtc.torﬁ%e d aptlonds %'fofd
hydrocar bons , ( HMdst)h a nhde aat't'eS Orapsortahe'nl%aja vance_ pe_r
combust i_on gas anal}é3|s (\ﬁ\/l|1|
component of fuel at mospherictc em|SS|ton CE/verI reco tdhe Loy
results (Table 9) indicate?sth?astsmgr%on%??f he' 't9 &% saerp?l.
commer ci al di esel possesses ?t 'mprrﬁoosvtedhgrrhfcdlenf:ﬁélSgrsmg's
that could contribute to afr poequluvteion.loglne%%e contrar
showed i mproved emissi onat, wi th HC at 17 ppm, CcoO
1.4%, and CO at 0.03% The RELET @RiCE&S ons of B100 and B
underscore their potential[lﬂor__l"T'rﬁ‘t[l'g'&tt_?h'@e'tqzr B¢, ¢ @Y Py
specifically reducing greenh02u052é3a,83E'y|§Enﬁ/’s_s¥%%%'. /ﬁ38|{?8|j
B10O exhibitted t he | owe st ;vgvemﬁl%sfss?.oonr,gamrgqspa%ﬂloﬁtf&?% (ﬁe&ﬁeql{ts'
F;\é;ronmental compat|b|I|ty[2] rGo%ab%? EméﬁﬁéﬁnBé,edﬂgﬁll
' and emission characteristic
These out comes cse|mrf\o|rrcoenmbnd)a|lebsel : :
. . . i ce ran Hiud dineod e | Eanred%ry R
compatibility and its rol e écplgprON”'&%\E".?Q?B?/???Q%Wee [
alternatives. The reductions d'ori‘.gpgﬁi‘g.f'é:f‘elajreegpyarr.tz'oclusl
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ABSTRACT

State universities in developing countries, such asf tho
higher education, with infrastructure development being
devel opmenmntseofantlamgdeot echni cal informat-sonl danabasesd dro
assessment for new developments in state universities ar
the research establ i shed -uas emeptrhoofd dleosg ya nfdo rg emoat neicthonriicrad  |p:
Bat angas St at e University. -blehseedcrmeladati fomr no f& eakveeys n cassm tatc i
consolidasengnbamdeot echnicalmadkamng, tdi sadtoem prepsi edne
devel opment . Findings reveal ed significant variations
emphasizing the -meedstfroat ¢ qqiid ©o.r eAldd iatnidonal 'y, geoteolinic
soi l information in infrastructure design, advocating f
replicabl e model for integrating geotechnical andasBpsat i s
devel opmeqtr i aedsdapmpBanni ng. Future r eéearcohpes haoduilimde cduppadben
and partnerships to etndhramciempact scalability and | ong
Keywogesspatial analysis, sustainability planning, educa

ReceiJwende: 19 Rey0dB4epdt ember A8&c e (Nb&de mber 29, 2024

1.l ntroducti on devel opment . These hazards ha
Natural hazards, includindgléyefnqguwdkessssenyygrtadondko0dsnd
floods, present significamtCORKMIGedhOYWt Nt.o TOnM ddWRY &

devel opment and economic pPbhPEEEI Z®&d | dwpaételCoRheEPRES
across the globe have adophad¥evasOudhd sttd ac8fradset o/ Ud d

these vulnerabilities. Form eGennstt aeadar s, sotulten dry eé g P Mmea:
i mpl emented innovative flooBaPaSndl wladteed st Pef@ hMdNAG&RSn t
systems, Japan has -t asivah&érRr@di N r thragvueak d mpr oved sigr
infrastructure technologiesadywhHcemeaniNet hdurdmes |efafdosr ti
mapping and adaptive3d3]watTeheXsieatniay®& ménadf r gsitructure is p
approaches underscore the i'nfpWaritnaSncleniohft €rnrtuePgtreadt.i nghids s!
resilienc-esei npbanlnamad, whithatisingogypoiateg| building f
challenge requiring tailordeed®t &anhini ¢ ahovcaltaryamet epl 38§ ipH«
However, while these strat@bfast e olvijdhe rveadiucapi0en ishdiag

they may not fully address RAbI abhleeidatca gebtledmhi bae, .
infrastructure <challenges ©embeeedgdedyi ndgasStdpPpiChg ' eatd bt s

particularly in Southeast Aisfacraftimgesawnnd clomservatio
In the Philippines, a coulRRirkhi mPigheéyStatteptFrbl AUd HOR A
hazards such as earthquakedefitnghodsnst hanal Isacatn oy gle
disaster resilience is a drapgppalheddmpdhleayi adfe stylse aie
construction activities when
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of establishing a compr e hemrsafviel edadfabasseel ecf edurpireod/i aa
surface infrastructures, asfowetpriast geoteahhicahbhndnfpopma
support effective planning ocdandOordmatne ¢(a@hdidatabasassehsn
surveys. Unfortunately, insehectPehd lprppvinecses soudch ha sl
dat abase does not currently dxinkta.geBhevid dhc ismd retca teido nS UoCfs
usage, infrastructur e, andprhoagzraarnts wansdietsita@amd i s pead tti @ ui
within state universities iamadt icfoildetgiesn (aSndCs & p p rroepmaiiar
fragmented and uncoordinategrogr ams of their respectiv
Recognizing this gap, t he olPlha dtiipgn,nes oCGdmmiasmspiloimgoand
Hi gher Education (CHED) i nthed sd ardtlyd dhesd 8SiUnGteebr laacntd vEs a at
Devel opment and InfrastrucwolireselPéaned LJDrItPperAcStUCsnddio v
Republic Act No . 11396 [ 6]canphuiss |iomiattii@atni wendmahtdat mapd
devel opmemse odnd andfrastrucasuran pilnput wiathd entc ¢tuhmeen d eth b @ |
geographical premises of Sh&€ susteod psowai hasit hhef onre cseistsea rd
academi cacaandemiocn i nfrastructuldti | iHoavteivem , oE UDylePogr aphi cal
primarily addresses the neetdschrfolingly vamda¢v &SUCat amnad & D cC
on luasred and infrastructure pliaminsingg &btr atfegyhi sowfotrieca
there is no updated publicnatndfroalmaeheonr ommenrhte. pTlhgr esg g
accomplishments of this inidéemomyterated the capacity of
To support CHED' s effortpotienntiimpd!| ehnaeznatridn go fL Ualnl Pyr b an
Bat angas St ait eheUnNateirentaly olregilmedar i ggot echnical proper
University |l auncited!| theat éndoppontuahdreur ban planning an
Larlsage Assessment for NewZ Drearle | ocpanmteeng osr i (zlaS L AND) wa's e
project. Thi s project ai méi gtha | ghdireg st hhehev ufl rneeg medritl @ d
document ati on of l and usage gaatlacgteiootne.c hShiinciallar d atp@ r dbac
creating a comprehensive datfabuatsiel itzhH antg ionvteerg raaytiensg loafn dm
infrastructueéatahndi magamatvivolnn efrradom!| vayi ousualization o
SUCs across the country. Aiariat imoale Sogmddéi camal zbaak
project i s t he devel-apmenandof a det ail ed l and
geotechnical information da2aMase.ri al s and met hods
This study contributes 140 the global discourse on disa
resilient infrastructure by pgrowadiengaps replicabl e mod:é

integrating geosecldataali nandhel gt @i ngf material s, t 00|
developing nations. By adapgriddgsglhapal (R§gstToblogyGtlaiphgd c ta

needs, it bridges the gap etrwenggn t ader natsiyenal ssduraded
the uniqgue challenges facedRdyo POodd heasbr Mt /B nCoaAWNthIoirg S
the Philippines. Moreover, gtoh&erhime@@meysni@fs Y hicGsst ubepe
with the United Nations S WS tgahiwha/ k! e ppepHy | o paned t Bealsr
(SDGs) , particularly SDG @dpgpos§ust@)naddreve@Plinde fiidceds,
Communities [7]. The cbeatdqmtobngn dmd effiacitd Ve€an®ISi ng

database and its associatedsdnethgdmpprasesqddys a@&lhsegPefltevd
inform broader ur ban planng@r cenNd wdksS skl f AN MHAPPE Ay,
efforts not only in the Phidpppidnes abhat yahsoe ianpf i he
countries with similar vulngra®iic¢tigsmit apparatus, si e
This work emphasizes the gngedtfodheaormpaphanatvs anod |
coordinated strategies t 0o setndhmadnacred s d i(SlaosSctaglrl y I &Siulricendc ef
sustainabl e devel opment . TARQUEH) tchoemp U-FP b AY T oba hosie Ceto. mp
Batangas State University tcakes jg, legasBnRamMPl &idn dPs4
innovation, addressingusgjeapdald@aieojtteichni cal and | and
integration, and-t seumpparetsiiig en e dfong
infrastructure in the PhilipppPnegle@héddeyond.

The objective of thidaseddyhiis $sOouddyeVveliPPi Redve®n ana
interactive database of procfoinhpe nreap se ©g e rsieherftt £1d gHES ol
on its wuniversity profile, psédd€amapspracdsso Muisl edi Oieod de
properties, which can be uspgcialsitadt d NPHE fsQrfmuah ainkforuagst
soil i nt er acutsiaogne aansds e d ama@ntomf QBr i Diutse sSuUCs . These phe
development. Specifically, figamdwer K 0t of 13 c hPireevSee Ntth ed slt aynge
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and validating against stand,

2.2.1. ldentification of | apdi msagedanaselsaatiecd Sddtser en

The first phase focused omondiesnttdrdcyyy ngnd arnedl iuasbaiglei twi.t |
selected SUCs. Topographic maps wer e collected from
relevant agenci es, includind. SRCss uUlGlUs, aamdd dihs cNAME | A

These maps were reviewed andnstiategeealwey edidvoindee dannidnt
manageable sections to ensupartsysteSCscrasal yedsin par e

The map s wer e transfortmea aiimtof e&sntteelblaicsthiivieg si ngu
visualizations using-sQ@lIr$ e3pG20® rreisrse ngzned, laann do plesne and bu

software. Road networks ansde!BG6tedi P¥Csootheintuedyofentian
universities were embedded OViftro tthife COUD L pYatVi § MmMEXBELCE ¢
traffic and population densq"i‘ta CPﬂ'ﬁCFﬁQ”mu%qdcibQPF‘tieeXs
the SUCs are |l ocated were F‘§ gﬂecotuetcpuilromthgeové;lttl1'|9’|é(r
agenci es, such as the PSA gﬂd rGle oS  The collect «
dat a wer e integrated into3t %I% ussyasé[eempro?|||dent|fy

popul ation den.ﬁi.t)De(npscbplylrftthlr%/tbl%rhq%r hee 11 Bat StateU ¢
caIcuIaFed using po.p.ulat|oc51peﬁgf_reseqLMs\a ' WhioOMmeteryeyynd;
categor i zedmeigniteomel elmisg H vy arﬁiaﬁe_WItofﬂ)lerhStreetMap was sel e

the GI'S framewor k. flexibility, aldrhiowerh niatsurceo
potenti al variability in prec

2.2.2. Characterization of siotid ¢peovoplopmest plans of eac
The second phase invol v ed crcehaatreactemprzé mgnsithe virt

geotechnical properties of ithhegsaitli onTwd kegpedeatudas a
used: (1) Existing boring tleatt pesabts | @yré edbtoaviennedt F& o
project management officesfurgtdey, epbopucedygptghepposuracy
(secondary data). (2) Soilf"”%%?)'lirﬁjdahﬂa'g%eorsiyﬁ&b'fnlé%ﬁ'sl aﬂ

conducted at speci fic suc! nglrtaesstr C'I'hL’s;reava|Iab|I|t(vj

equi pment and | aboratory ¢ pglcg’tj{gslwiptrh.eisnen ﬁe u |vIg
det ) d th hoi £t ampus,I hltg._hll hting bUId n
etermine ¢ choice of tegflfg ! egaliong (PefaliMAless grﬁaa

The | aboratory anal ysis e'n”sculruedeldhesoa'c!cu?5%§S'off'CbaJi'Iod
gradation, Atterberg |imit?'nethlé‘délo"\gey',ghta-ppﬁ‘”%dpeé@ﬁépé
testing. Boring test data purnodveirdsecdo riansfsocr hneant si tofNd g0 Nr j Wyaotre rj
dept h, soi l stratificationNewvémnideal s sPenefturtautrieon sTeagi e
val ues, and bearing capacitgeoradertinenalgl yechndgséesrbed
samples obtained from borin t est s underwent | ahaoratory
to determine shear strengt bl 1 T ] foll
ASTM and AASHTO standards bl
testing, wi t h no significa — Jor
conditions.

The geotechnical propert.icé t s w
integrated into the GI Susda l and
planning and infrastructurl|l . F
exampl e, areas with | ow be h e d
unsuitable for heavy i nf tur e
development plans and hazar
2.2.3. Development of integ

The final phase entailed [ ' -_— iz
dat abase containing all COlIl:,'blb‘u oata, romcTuooarmTyg T and
infrastructure footprints, rgaere'if;lfiFQ Ht)%rf)ﬁgf”?nta'powﬁ
geotechnical properties. ;‘?erdr‘ﬁéél asessEd VEd BSt €t 4€89 UK
assessing the suitability of land for various devel opmer
identifying areas at risk 3f1omsmatawtal omag@e degnisvlkeahsi
flooding, landslides, or soilTHd qieiflagitn®ndemography of

Bat angas St aAtRA S WM i Wearssuigtbyu F

2.2.4. Quality and reliabilmaqptumbedabail dings (30) vewbil

Secondary data under went MaibgonorioubBasgualhiet yl esasssesent T

includirnegf ecdreonscss ng with upddtasdgbecorsdst fea omosiGUusievel ope
structures and facilities.
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international uni versities,spahnsnganil8&t ikoom ahndhbhpghosgi
| aamde planning strategies. Proximity t o essenti al faci |
Building classifications femhépy blRenbntcqronsatsitonad Bugdl
Code, which identifies fivVvepagtCTitUsptadMBYIVEIAE R G QAF k&% - t HC a0 §°
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